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Abstract

Preparation of 99jnTc-labelled tetrapeptides, namely acetyl-Gly-Gly-Cys-Gly (I), acetyl-

Ser-Ser-Cys-Gly (If) and acetyl-Gly-Gly-Cys-Lys (III), analysis of their radiochemical purity

and biodistribution were investigated in rats. The aim was to determine the relationship

between structure and biological behaviour of 99mTc-labelled peptides which are formed by

amino-acid sequences capable of chelating technetium useful as universal chelators in ,,hybrid"

peptides composed of receptor-specific part and the part chelating technetium. For labelling

with 99tnTc, a conventional transchelation from 99mTc-gluconate was used and radiolabelled

peptides were purified by filtration on Whatman microfilters 12 kD. Radiochemical purity was

higher than 98%. Biodistribution studies in rats showed that all agents are 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 way increased in the order / / / < / / < / . On the other hand,

blood radioactivity-time decrease was more rapid for / and the slowest for / / / . 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 (5 min after administration) 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 of perfused rat kidney in

situ showed that all agents are eliminated by both glomerular filtration and tubular secretion,
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but the intensity of their elimination by tubular secretion was lower than that for 99mTc-MAG3.

The results obtained will assist with design of optimal biocompatible tetrapeptides as chelators

for formation of hybrid receptor-specific peptides.

1. Introduction

Receptor scintigraphy with radiolabelled neuropeptides is a very sensitive method for

the demonstration of receptor-positive tumors and their metastases (1). One class of such

neuropetides is based on radiolabelled somatostatin analogues (2). Somatostatin receptors are

peptide hormone receptors located on the cell membrane of tumors of neuroendocrine origin,

but also on other neoplasms, including several intracranial tumors such as meningiomas,

gliomas and pituitary tumors (3). Somatostatin receptor scintigraphy has been performed with

octreotide analogs labelled with different radionuclides such as cyclotron-produced 1-123,

In-Ill and Ga-67. Considering that these radiopharmaceuticals share the ability to target

tumors very quickly and thus diagnostic images can be theoretically obtained early after

intravenous administration, a radiolabel with a shorter half-life and more favourable radiation

dosimetry would be preferred to these radionuclides. The prime candidate for single photon

emission tomography is readily available and low price 99mTc due to its nearly ideal nuclear

characteristics, high count rate and high quality image, which translate into good diagnostic

efficacy. For radiolabelling with metalic radionuclides, a coupling of peptide with bifunctional

chelates such us DTPA (diethylenetriaminepentaacetic acid) and DFO (desferoxamine) is

usually used. Such modification of peptide structure with foreign chelator results in change of

both lipophilicity and pharmacokinetics of the agent (4). Another strategy lies in the design of a

hybrid peptide which incorporates both the amino-acid sequence responsible for

receptor-binding and a sequence capable of chelating technetium, separated by a short linker

sequence (5). A radionuclide-binding sequence is formed by a biocompatible tetrapeptide
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which is able to form a stable bound with the suitable radionuclide. Diagnostic value of these

agents, containing aminoacids only, is dependent on the affinity to specific receptor sites on

the one hand and on the rate of the organ background clearance (decisive for administration-

to-imaging time) on the other hand. Ideally, the radionuclide-binding part would not affect the

receptor affinity and specifity of the peptide; its effect on the rate and route of elimination of

the peptide is, however, hard to predict. For 99mTc-radiopharmaceuticals, the administration-

to-imaging time is limited by the physical half-life of the radionuclide (6 hrs). For this reason,

the development of agents with a more rapid rate of elimination is still in progress.

The biological behaviour of such radiolabelled hybrid peptides is influenced by both the

receptor-specific chain and the radiometal-binding part. The present paper evaluates the

advantages and limitations of three potential chelators, namely preparation, biodistribution and

elimination in rats of 99mTc-labelled tetrapeptides acetyl-Gly-Gly-Cys-Gly (I), acetyl-Ser-Ser-

Cys-Gly (IT) and acetyl-Gly-Gly-Cys-Lys (III)

2. Materials and Methods

2.1. Radiolabeling and quality control

For 99mTc-labelling two methods were used: the direct labelling and ligand exhcange

method.

2.1.1. Direct labelling

To 100,'ul of peptide solution (cone. 2mg/ml) in 0.5M phosphate buffer pH 11 two /ul

of stannous chloride (cone. 0.5M) in 1M HC1 and 100/ul of sodium [99mTc]pertechnetate

activity approximately 300MBq were added, followed by 50/ul of 0.5M sodium triphosphate.

The solution was heated at 90°C in water bath for 10 minutes and cooled to room temperature.
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2.1.2. Ligand exchange method of labeling

A commercial glucoheptonate kit (Glucoheptoscint, Fleurus, Belgium) was

reconstituted with 2ml of 99mTc-pertechnetate eluate (activity approximately 300MBq).

0.3mg of the peptide was disolved in 150/ul 0.5M sodium phosphate buffer pH 11 and 150/ul

of reconstituted glucoheptonate kit was added. The solution was heated at 90°C for 10 min

and cooled to room temperature. The solutions from both labelling procedures were then

filtered by Microcentrifuge tube filter (Cellulose Triacetate) 12k MWCO and analysed by

HPLC and ITLC-SG (in saline solution).

2.1.3. HPLC analysis

99lt1Tc-labelled tetrapeptides under study were analysed by HPLC with UV and

radiometric detection. 10/ul of labelled peptide was diluted 100 times with 0.01M sodium

phosphate buffer pH 6.0 and 10/ul of diluted solution was subjected to HPLC analysis on C-18

reverse phase column. Mobil phase: methanol - 0.01M sodium phosphate pH 6.0

gradient elution: time 0 min 95% buffer in methanol

time 3 min 95% buffer to 5% buffer in methanol over 10 min (linear

gradient)

time 13 min 5% buffer in methanol for 10 min

time 23 min 5% buffer to 95% buffer over 5 min (linear gradient)

time 28 min 95% buffer for 2 min

2.1.4. ITLC-SG

Solution of labelled peptide was spotted on to two strips of ITLC-SG (Ixl2cm) and

chromatographed in 0.15M NaCl or MEK. Activity on start and front of chromatograms was

detected on radiochromatograph (Berthold).
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2.2. Biological experiments

2.2.1. Biodistribution studies

Groups of four male Wistar rats were injected through a lateral tail vein with the 99mTc-

labelled agents containing 2ug of peptide. At selected time intervals (5 min, 2hrs and 24 hrs)

after adminstration, the carotid artery was exposed under ether anaesthesia and a blood sample

was collected in glass tubes containing heparin. After exsanguination, selected organs were

taken out and weighed using an analytical balance. Concominant radioactivity was then

measured in a Wallac 1480 Wizard 3 automatic gamma counter with three standard

radioactivity samples prepared at the time of injection.

2.2.2. Elimination studies

The agents were administered to rat as described previously. Following administration,

the animals were placed singly in glass metabolic cages, the construction of which allows

reliable separation of urine and solid excrements. The animals had free access to standard diet

and water. Two hours after dosing the rats were forced to empty their urinary bladders by

handling (immobilization) and urine and faeces were collected. The procedure was repeated at

24 hr and 48 hr intervals after administration.

3. Results

The HPLC profile of radiolabeled peptides is shown in Fig. 1. It is evident that the

retention time is related to the lipophilicity of the agents under study, the highest

hydrophobicity of / / is in agreement with its shortest retention time. The labeling efficiency

(radiochemical purity higher than 95%) was sufficient for the biological experiments.

The distribution of radioactivity in selected organs and tissues of rats after intravenous

administration of 99mTc-labelled tetrapeptides at different time intervals is presented in Table 1.
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Table I.: Distribution of radioactivity in selected organs and tissues after intravenous administration of "Tc-labelled tetrapeptidcs to rats

Organ

Liver
Kidney
Lung
Heart
Stomach
Small intestine
Colon
Brain
Thyroid
Adrenals
Spleen
Testes

Blood
Skin
Muscle
Fat

""Tc-Ac-Gly-GIv-Cys-Gly

5 min

8.57± 1.12
7.23+ II 60
0.74 ±0.18
0.30 ± 0.06
1.19± 1.34
9.79 ±2.73
0.70 + 0.18
0.07 ±0.01
0.11 ±0.05
0.02 ±0.01
0.12±0.03
0.25 ±0.06

1.86 ±0.48
0.86 ±0.21
0.36 ± 0.05
0.51 +0.10

60 min

0.18 ±0.01
2.26+ 1.81
0.03 + 0.01
0.01 ±0.01
0.07 ± 0.03
28.71 ±2.73
0.05 ± 0.03

<0.01
< 0.01

0.01 +0.01
0.01 ±0.01
0.03 + 0.01

0.04 ±0.02
0.08 + 0.06
0.01 ±0.01
0.01 ±0.01

120 min

0.13 ±0.02
1.63 + 0.64
0.02 ±0.01

< 0.01
0.19 ±0.01

41.18 ± 4.01

0.13 + 0.12
<0.01
<0.01
<0.01

0.02 ±0.02
0.01 ±0.01

0.01 ±0.01
0.02 ±0.01

< 0.01
< 0.01

y9rnTc-Ac-Ser-Ser-Cys-Gly

5 min 60 min

Percent dose in whole

10.78 ± 1.39
13.34 + 2.06
0.76 ±0.16
0.22 ±0.02
0.74 ±0.32
4.36 ± 1.17
0.86 ±0.10
0.05 ±0.01
0.05 ±0.01
0.01 ±0.01
0.09 ±0.01
0.28 ± 0.03

1

2
0
0
0

18

0

0

0

99 ± 0.24
23 ± 0.43
10 ±0.03
02 ±0.01
25 ±0.08
.63 ± 1.03
10 ±0.02
< 0.01
< 0.01
<0.01

01 ±0.01
06 ±0.01

120 min

organ

0.66 + 0.12
1.10 + 0.23
0.03+0.01

< 0.01
0.28 ±0.34
20.24 + 2.57
0.94 ± 1.76

<0.01
< 0.01
< 0.01
<().()!

0.02 + 0.01

Percent dose per 1% body weight

1.76 ± 0.17

1.05 ±0.06
0.42 ±0.02
0.51 ±0.05

0
0
0
0

17 ±0.02
14 ±0.04
04 ±0.01
06 ±0.01

0.04 ±0.01
0.03 ±0.01

< 0.01
0.01 ±0.01

""Tc-Ac-GIy-Gly-Cys-Lvs

5 min

5.65 ±0.70
12.55 ±0.79
1.08 ±0.22
0.34 ±0.04
0.79 ±0.14
2.40 ±0.32
1.14 ±0.19
0.08 ±0.01
0.07 ±0.01
0.02 ±0.01
0.14 + 0.03
0.33 ± 0.05

2,27 ±0.17
1.25 ± 0.15
0.52 ±0.03
0.51 +0.15

60 mit

1.17 + 0
1.91 + 1
0.10 ± 0
0.03 ±0
0.66 ± 0.
12.55 ±3
0.14 ±0
0.01 ±0

< 0.01
< 0.01

0.02 ±0
0.08 ±0.

0.22 ±0.
0.18 ±0
0.05 ± 0.
0.07 + 0

i

08
20
01

01
91
.26

06

01

01

01

03
02
01
01

0
0
0

0

9

5

0

0
0

0

120 min

25 ± 0.04
97 ±0.30
03 ±0.01
<0.01
17 + 0.18
98 ± 1.76
25 + 4.96
<0.01
< 0.01
<().O1
< 0.01

02 ±0.01

05 ±0.01
03 ±0.01
< 0.01

01 ±0.01



The high radioactivity in the kidney and liver found at the initial time interval (5 min after

dosing) was evidently due to the elimination of agents into urine and bile, respectively. The

time decrease of radioactivity in blood and tissues with the exception of the gastrointestinal

tract was relatively rapid, 1 hour after administration less that one tenth of initial radioactivity

in most of organs and tissues was determined. Increasing radioactivity in a small intestine and

later also in a colon is due to a partial bile elimination of the agents. These findings were in

good agreement with the results of elimination studies, presented in Fig. 2. Even if the

radioactivity was eliminated mostly by urine, a significant portion of radioactivity excreted by

faeces was also found.
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Fig. 1.: HPLC profiles of yymTc-tetrapeptides
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Ac-Ser-Ser-Cys-Gly
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Fig. 2.: Cumulative excretion of radioctivity into urine and faeces after Tc-tetrapeptides
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4. Discussion

An ideal somatostatin receptor specific agent would exert high and long term retention

in receptor expressing tissues (especially in tumor) and rapid and efficient clearance from blood

and non-tumorous tissues. While the affinity to receptor sites is primarily affected by the

structure of the receptor-specific part of hybrid peptide, the free-peptide concentration around

the receptors is influenced by both plasma concentration and plasma protein binding of agents,

as at equlibrium the free drug concentration in tissues equals to that in plasma. The rate of the

radioactivity-time decrese (and also administration-to-imaging time) is dependent primarily on

the mechanisms of agent elimination. All these pharmacokinetic parameters of hybrid peptides

are affected by both the receptor-specific and chelating parts. As different tetrapeptides able to

bind 99mTc have been proposed as the chelators of hybrid peptides (5), comparison of their

pharmacokinetics and biodistribution should make more clear advantages and limitations of

individual tetrapeptides in using for intended purpose. Having this aim in mind it can be

concluded that a significant bile elimination is an undesirable pathway as it may interfer with

cancer visualization in abdominal region. Rapid elimination to urine is preferable. All agents in

this study are eliminated in the kidney by both glomerular filtration and tubular secretion, but

their renal clearance is significantly lower than that for 99mTc-MAG-3 (7). The highest renal

clearance and total rate of elimination of / is preferable, but is highest bile excretion is a

disadvantage in comparison with / / and ///. It can be concluded that none of the tetrapeptide

exhibits markedly preferable pharmacokinetic behaviour in comparison with the others, the

results, however, may assist in the future development of hybrid receptor specific peptides.
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