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ABSTRACT 

During the last decade there has been a resurgence of interest in therapeutic nuclear 

medicine, due to the limitation of conventional or external beam radiotherapy in the 

treatment of secondary or metastatic cancer sites outside of the primary treatment area. 

Some of the human tumours that produce metastases express high levels of somatostatin 

receptors. In order to make possible the diagnostic and radiotherapeutic treatment of these 

kind of tumours, various somatostatin analogue peptides have been developed in recent 

years1. 

Peptides have become an important class of radiophamaceuticals, due to its unique ability 

to detect specific sites as receptors or enzymes. This paper describes the work with 99mTc 

to establish the labelling and analytical conditions for a somatostatin analogue as a 

precursor, to undertake a therapeutic radiopharmaceutical labelled with 188Re for 

treatment of somatostatin receptor positive tumours.  

 

INTRODUCTION 

For the last 30 years, the receptor specificity of monoclonal antibodies (Mabs) has been 

exploited by many investigators as vehicles to carry radionuclides with diagnostic or 

therapeutic characteristics to the target2,3. However the majority have demonstrated 

problems associated with their size, immunogenicity, low bioavailability and limited 

binding at the target site relative to non-target tissue. Peptides on the other hand are short 

chains of two or more amino acids join by covalent bounds therefore much smaller 

molecules, easier to synthesise and less likely to be immunogenic. Peptides can have 

rapid blood clearance that results in adequate target-to-background ratios (T/B’s) in a 

short period of time4, 5.  
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Techniques for radiolabelling peptides 

Many different techniques have been used to radiolabel peptides with radionuclides. They 

usually involve one of two strategies: direct labelling, and indirect labelling. The direct 

labelling approach usually uses oxidising or reducing agents to generate electrophilic 

species of the radioactive atoms, which then react with functional groups on the peptide4, 

6. Indirect labelling involves the use of bifunctional coupling agents (or in the case of 

metals, bifunctional chelating agents) (BFCA’s). These agents can be covalently 

conjugated to the peptide, usually through reactive sulfhydryl or amino groups7.  

Therapeutic radiopharmaceuticals  

Therapeutic radiopharmaceuticals are radiolabelled molecules designed to deliver 

therapeutic doses of ionizing radiation to specific disease sites with high specificity in the 

body8. The selection criteria for therapeutic radionuclides include: half- life (t1/2), the 

types of emission (α, β, γ, auger or conversion electrons), specific activity, chemistry, 

internal dosimetry, radiation safety, energy and cost of production and availability.  

The nature of the particulate emission is an important parameter to consider when 

attempting to maximise therapeutic effectiveness, β-emitters especially radiometals that 

possess various particle ranges, are the most popular choice to date in the field of targeted 

radiotherapy. Depending upon the β-particle energy, the tumour size with optimal 

curability will vary O’Donoghue et al (1995) used a mathematical model (assuming a 

uniform distribution of radionuclide through out the tumour) to examine tumour 

curability and its relation to tumour size for 22 β-emitting radionuclides. They reported 

the optimal cure diameters for each radionuclide. 188Re a showed a 90% of cure 

probability in a range from 23 to 32 mm9.  

Labelling of somatostatin analogues 

The most notable success in the development of peptide radiopharmaceuticals has been in 

the use of radiolabelled somatostatin analogues for diagnosis of somatostatin receptor-

positive tumours. Five receptor subtypes (sst1-sst5) for somatostatin are expressed in a 

variety of human tumours and their metastases10-12. 

The first β-emitters used to label somatostatin analogues were 131I and 90Y11, 13-15. The 

disadvantage of using 131I is that the peptide needs to have site for halogenation, usually 

tyrosine, tend to be unstable in vivo, and due to the large percentage of high energy γ-
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emissions emitted by the 131I, the patient needs to be isolated in a special area after the 

administration of the dose to avoid irradiation of other people11. On the other hand, the 

high energy of the 90Y β -emissions makes it unsuitable for treatment of small tumours 

and tumour visualisation is not possible due to the absence of γ-emissions. Nevertheless 
90Y remains the most widely used therapy radioisotope employed clinically in the 

treatment of peptide receptor positive tumours16.  

The limitations of these therapeutic radionuclides encouraged researchers to seek 

alternatives and a number are coming into use. The similar co-ordination chemistries of 

technetium and rhenium and has made β-emitting isotopes of rhenium attractive 

candidates in the development of therapeutic agents. 

EXPERIMENTAL 

The first step was then to establish the analytical conditions to label a somatostatin 

analogue (Try3-Octreotide) with 99mTc as a precursor to undertake labelling studies with 

the beta emitter 188Re and estimate the radiation dose delivered to the tumour. 

6-Hydrazynopyridine-3-carboxilic acid (HYNIC) was conjugated to Try3-Octreotide 

(TOC) then the product was characterised by Laser desorption mass spectrometry and 

HPLC. The yield of the reaction was not very high (40 %), but the conjugated peptide 

product obtained after deprotection was 98 % pure.  

The peptide conjugate was successfully labelled with 99mTc using three of the coligands 

tricine, nicotinic acid and ethylenediaminodiacetic acid. The labelling technique was 

reproducible and in all cases the labelling yield was more than 97 % (by HPLC analysis)  

All the 99mTc-labelled peptides showed specific binding to somatostatin receptors 

expressed on AR42J cell membranes and the most favourable biodistribution in mice was 

achieved when EDDA was used as the coligand. When analysed by HPLC, 99mTc-

HYNIC-TOC-EDDA was the most hydrophilic of the complexes studied, resulting in fast 

renal excretion and rapid blood clearance. In addition 99mTc-HYNIC-TOC-EDDA also 

showed low uptake in receptor-negative tissues, and a favourable tumour uptake profile 

in mice.  
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The clinical study showed that the imaging properties of 99mTc-HYNIC-TOC-EDDA 

appeared to be advantageous for investigating somatostatin receptor positive tumours in 

man, since this new complex has rapid tumour uptake and a similar biodistribution to the 

gold standard 111In-DTPA-octreotide. It produced higher tumour-to-tissue ratios, which 

would make it easier to detect small tumours (figure 1 and 2).  

Figure 1   SPECT images of a patient 4 hr post-injection of 99mTc-HYNIC-TOC-EDDA. 

Figure 2   SPECT images of a patient 4 hr post-injection of 111In-DTPA-octreotide 
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The high tumour uptake of 99mTc-HYNIC-TOC-EDDA combined with the apparently 

good retention of the radionuclide by the tumour suggests that it was worthwhile to 

consider the replacement of the technetium-99m in the molecule with the beta-emitting 

radionuclide rhenium-188.  

TOC was reacted with carrier-free 188Re using HYNIC as a bifunctional chelator and 

tricine as coligand under similar conditions to those used to label with 99mTc. The results 

demonstrated that TOC was successfully radiolabelled, however some differences were 

found. To achieve a satisfactory labelling yield with 188Re, it is necessary to increase the 

concentration of SnCl2 20 fold and incubate the reaction mixture for at least 1 h 40 min. 

Even under these conditions the maximum radiolabelling yield is 80%, whereas the 99mTc 

labelling reaction is more efficient (98 %) and is complete in less than 30 min. The key 

difference between technetium and rhenium is the energy or redox potentials (Eo) 

required to achieve their respective oxidation states. Typically reduction potentials for the 

technetium (v) analogues are 150 – 320 mV higher than the corresponding rhenium 

analogues. Hence, complexes of the reduced rhenium tend to be less stable to oxidation 

than their technetium analogs and therefore they need larger amounts of SnCl2 to avoid 

re-oxidation to perrhenate10.  

The highest yield of 188Re-HYNIC-TOC-tricine was obtained using 500 µg/ml of SnCl2 

and incubating for 1 h 40 min at 20 oC.  

To evaluate the influence of radiolysis caused by 188Re on the stability of the complex, 

labelling was performed at a range of specific activities. Greater stability was found for 

complexes with lower specific activity. This problem was circumvented by the addition 

of ascorbic acid, which prevented the radiolytic degradation of 188Re-tricine and helped to 

maintain the stability of the complex for at least 8 h. 

Purification of the 188Re-HYNIC-TOC-tricine reaction mixture caused a reduction in the 

stability of the complex. Although a similar effect has been reported previously for the 
99mTc complex, the rate of decomposition of the 188Re-complex was much greater. The 

re-addition of excess tricine and SnCl2 to the purified material was able to stabilise the 
188Re-HYNIC-TOC-tricine complex for at least 8 h, however subsequent 1:3 dilution of 

this complex solution caused half the complex to decompose in 30 min and re-addition of 
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saturated solutions of tricine and SnCl2 could not reverse it. This instability made it 

impossible to evaluate the protein and receptor binding of the complex. 

Therefore it was concluded that 188Re-HYNIC-TOC-tricine would not be suitable for in 

vivo therapy due to the decomposition expected through post- injection dilution in the 

blood. Other coligands (EDDA and NA) which form very stable complexes with 99mTc-

HYNIC-TOC were investigated, but significant quantities of 188Re-HYNIC-TOC-

tricine/NA or 188Re-HYNIC-TOC-tricine/EDDA could not be achieved and in fact, these 

complexes were even more unstable 

CONCLUSIONS 
99mTc-HYNIC-TOC-EDDA complex showed to have high stability in vitro, specific 

binding to the somatostain receptors, in addition in this small pilot study showed better 

imaging properties for the identification of somatostatin receptor-positive tumours sites 

than the currently available 111In-DTPA-octreotide. However although rhenium and 

technetium are in the same group on the periodic table and therefore have similar 

coordination chemistries, a 188Re equivalent of 99mTc-HYNIC-TOC-tricine/EDDA could 

not be synthesised. This behaviour could perhaps be explained by the fact that rhenium 

has a larger ionic radius than technetium, which makes it more difficult for rhenium to 

form complexes with similar three-dimensional structure to technetium. Consequently 
188Re-HYNIC-TOC-tricine is not as stable as was expected and was not found to be 

suitable for further biological evaluation and dose calculation.  
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