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Abstract. The paper presents the preparation, biodistribution and analysis of elimination mechanisms of 67Ga-
[DFO]-octreotide in rats. For labelling of the ligand with 67Ga, desferrioxamine B (DFO) coupled to octreotide
via the succinyl linker has been shown to form a stable chelating agent for binding of 67Ga [1]. The
radiopharmaceutical was prepared by direct chelating of 67Ga3+ with [DFO]-octreotide in a slightly acidic
reaction medium with high radiochemical purity. Pharmacokinetics of 67Ga-[DFO]-octreotide of radioactivity in
rats has shown relatively rapid elimination of the compound from the body with a long-term retention in the
kidney and organs with high somatostatin receptor density. The agent was eliminated mostly by urine
predominantly by the mechanism of glomerular filtration.

1. INTRODUCTION

Somatostatin, a natural tetradecapeptide, has been found to be an important endogenous
antiproliferative agent. Somatostatin receptors are present in endocrine tumours, such as pituitary
adenomas, islet cell tumours, carcinoids, paragangliomas, medullary thyroid carcinomas, small-cell
lung cancers, and phaeochromocytomas [2]. In order to visualize somatostatin receptor-containing
tumours, long acting somatostatin analogues labelled with a suitable radionuclide are required
because the native somatostatin has a half-life of only 3 min due to its rapid enzymatic degradation. In
recent years, various analogues of the native hormone have been developed as highly effective
peptides acting in the management of a variety of endocrine tumours [3, 4]. Over the past few years,
techniques have been developed to label these peptides with different radionuclides. Recently,
octreotide (Sandostatin®), an octapeptide analogue of somatostatin, has been labelled with IHIn and
the labelled compound has been shown to detect a variety of neuroendocrine tumours with high
specificity and sensitivity [5]. mIn-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 detection of a variety of neuroendocrine tumours. The choice of the radioisotope is
essentially based on its physical characteristics (half-life of disintegration, type of decay, energy of
radiation), and also on its cost and availability. Labelling procedures have employed either direct
labelling of the peptide with radionuclide or, more frequently, alternative labelling methods have been
investigated (so called conjugation labelling). In these methods, strong chelating groups such as
DTPA (dithylenetriaminepentaacetic acid), DOTA (tetraaza-cyclododecanetetraacetic acid) and DFO
(desferrioxamine) are covalently attached to the peptide 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. For the preparation of such receptor specific radiotherapeuticals, high purity and
high specific activity of the radionuclide, in vivo stability of the labelled peptide and high receptor
affinity and long residence time of labelled peptide in the target tissue are required.

Besides to beta-emitters, conversion and Auger electron emitters are radionuclides of choice as
their LET (linear energy transfer) and consequently cell killing probability is larger than that for beta
particles. One of the attractive radionuclides for radiotherapy which is chelated to octreotide by DFO
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is Ga. Ga-[DFO]-octreotide was primarily proposed as the radiopharmaceutical having the
potential to localize somatostatin receptor-positive tumours using gamma scintigraphy. The physical
half-life of 67Ga is 77.9 h and its decay mode is by an internal conversion. However, 67Ga emits
conversion and Auger electrons that deposit the radiation dose over a short range in tissues (maximal
range of 90-110 urn) [4,6]. Emission of gamma radiation allows one to follow the fate of 67Ga-
[DFO]-octreotide in vivo and to estimate dosimetry in individual patients. This calculation can be
made after administration of the agent with activity suitable for scintigraphic examination prior the
application of relatively high therapeutic activity of 67Ga-[DFO]-octreotide.

The present work evaluates biodistribution and analyzes the elimination mechanisms of 67Ga-
[DFO]-octreotide — a potential radiopharmaceutical for imaging and therapy of somatostatin
receptor-positive tumours — in rats.

2. MATERIALS AND METHODS

67,2.1. Preparation and quality control of Ga-[DFO]-octreotide.

The pharmaceutical was prepared by addition of 4 \i\ lmM [DFO]-octreotide in 0.1% acetic
acid into 100 JU.1 of 0.1M ammonium acetate pH 5.6 together with 10 u.167Ga3+ (about 2 GBq/ml in
0.04 M HC1). Molar concentration ratio [DFO]-octreotide to no carrier added Ga3+was approximately
30. After 60 min incubation 2 u,l of the reaction mixture was diluted 100 times to 20mM ammonium
acetate pH 4.5 and analyzed by HPLC on C-18 Supelcosil, a Tessek column 3 x 15 cm with gradient
elution. As beginning solvent A 0.02 M ammonium acetate pH 4.5 served and solvent B was
acetonitrile. The gradient was programmed as follows: 0-10 min 0% B, 10-15 min 0 ^ 5 % B, 15-
30 min 45% B.

An example of HPLC profile of 67Ga-[DFO]-octreotide is presented in Figure 1. Radio-
chemical purity determined by HPLC analysis was over 99%.

For biological experiments the radiopharmaceutical was diluted 10 times with saline.
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FIG.l. An example of HPLC analysis of Ga- [DFO]-octreotide.

2.2. Biological experiments

Male Wistar rats weighing 190-250 g were used. The animals were fasted for 18-24 h before
the experiment. 67Ga-[DFO]-octreotide was administered to animals intravenously into the tail vein in
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a volume of 0.2 ml. During the course of the experiment the rats were housed singly in cages. At time
intervals 5 min, 1 h, and 48 h after dosing the carotid artery was exposed under ether anaesthesia and
a blood sample was collected in a glass tube containing dry heparin. After exsanguination, selected
organs and tissues were taken out to determine the distribution of the agent.

For elimination studies, 67Ga-[DFO]-octreotide was administered to rats as described previously
and the animals were placed singly in glass metabolic cages, the construction of which allowed
reliable separation of urine from faeces. The rats had free access to a standard pellet diet and water.
Two hours after administration of the tracer the rats were forced to empty their urinary bladders by
handling (immobilization) and urine and faeces were collected. The animals were placed again into
the same cages, and urine and faeces were again collected 24 h and 48 h after dosing.

Rat kidney perfusion studies were carried out by the method described previously [7].

All animal experiments were approved by the Ethical Committee of the Faculty of Pharmacy,
Charles University.

2.3. Plasma protein binding of67Ga-[DFO]-octreotide

Binding of the compound under study to rat plasma proteins or to proteins of perfusion medium
was determined by equilibrium dialysis at 37°C [8].

3. RESULTS AND DISCUSSION

Distribution of radioactivity after 67Ga-[DFO]-octreotide administration to rats is presented in
Table I. Whereas the radioactivity in blood and most organs and tissues decreased rapidly with time,
the radioactivity in the kidneys and adrenals decreased very slowly and in later time intervals
remained relatively unchanged. At the same time, the concentrations of radioactivity in the kidneys
and adrenals at longer time intervals were mutually similar (about 10 per cent dose per 1% body
weight). The kidney accumulation was probably due to a partial reabsorption of the labelled peptide
by the cells of proximal tubules by means of pinocytosis [9]. In consequence of this process the
peptide was transferred into lysosomes and digested by proteolytic enzymes. Resulting breakdown
products (i.e. radiolabelled amino acids) remained in lysosomes of renal cells for a long postinjection
period. The adrenals are an example of somatostatin receptor-rich tissue and high radioactivity
concentration in this organ was evidently connected with the interaction of the agent with
somatostatin receptors. The radioactivity determined in the bowels was mostly due to a partial
elimination of the agent and/or its metabolites by bile.

67Ga-[DFO]-octreotide was eliminated mostly by urine and the urinary excretion was relatively
rapid (Table II). About 8% of the administered dose was excreted also by faeces.

An analysis of renal elimination mechanisms by employing the perfused rat kidney in situ
showed that 67Ga-[DFO]-octreotide was eliminated predominantly by the mechanism of glomerular
filtration (Table III). As renal clearance of free (non-protein bound) 67Ga-[DFO]-octreotide was
slightly higher than glomerular filtration rate, a partial secretion of the agent by the renal tubules was
also likely.

The binding of 67Ga-[DFO]-octreotide to rat blood cells was negligible and about one third of
the agent was bound to rat plasma proteins.

The results presented in this paper could contribute to the picture of pharmacokinetics of 67Ga-
[DFO]-octreotide in rats and explain some points of its biological behaviour.

289



TABLE I. DISTRIBUTION OF 67GA-DFO-OCTREOTIDE IN RATS

Per cent dose in whole 01

Liver
Adrenals
Kidney-
Lung
Heart
Spleen

Stomach
Small int.

Colon
Testes

Thyroid
Brain

5 min

-gan

4.26 ± 0.47
0.20 ± 0.04
11.86 ±3.85
1.34 ±0.31
0.34 ± 0.04
0.21 ±0.04
1.38 ±0.89
3.25 ± 1.12
1.16 ±0.15
0.20 ± 0.05
0.07 ± 0.01
0.08 ± 0.02

Per cent dose per 1 % body weight

Blood
Plasma

Skin
Muscle

Fat
Bone

Adrenals
Kidney

2.44 ± 0.22
4.58 ±0.31
1.11 ±0.01
0.47 ± 0.06
0.76 ±0.03

+0.04
7.05 ± 0.82
19.10 ± 1.68

60 min

1.83 ±0.28
0.29 ± 0.05
8.88 ± 1.52
0.37 ±0.12
0.09 ± 0.01
0.06 ±0.01
1.20 ±0.48
2.25 ± 0.61
0.57 ±0.21
0.13 ±0.05
0.03 ± 0.02
0.02 ±0.01

0.55 ±0.05
1.08 ±0.14
0.43 + 0.11
0.11 ±0.03
0.34 ± 0.25

±0.03
11.19 ± 2.79
13.28 ±2.43

48 h

0.95 ±0.13
0.23 + 0.05
6.17 ±0.38
0.02 ±0.01

<0.01
0.06 ±0.01
0.26 ± 0.07
0.50 ± 0.02
1.42 + 0.45
0.03 ±0.01

<0.01
<0.01

0.01 ±0.01
0.03 + 0.01
0.03 ± 0.03
0.01+0.01
0.18 ± 0.11

±0.04
8.21 + 0.85
10.93 ±1.32

TABLE II. CUMULATIVE EXCRETION OF RADIOACTIVITY AFTER 67GA-DFO-
OCTREOTIDE IN RATS

Time Urine Faeces
2h 71.8 ± 11.2
24h 81 .0 ± 11.3 5.4±1.2
48 h 83.5 ±12.5 8.1 ± 1.1

TABLE III. HANDLING OF 67GA-DFO-OCTREOTIDE IN PERFUSED RAT KIDNEY

Effective renal plasma flow (ml/min/g) 1.88 + 0.36
Glomerular filtration rate (ml/min/g) 0.59 ±0.15
Renal clearance of 67Ga-octreotide (ml/min/g) 0.63 ±0.12
Free fraction of 67Ga-octreotide in perfusate 0.87 ± 0.08
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