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Abstract

Conjugates of two somatostatin analogues, octreotide and RC-160, with HYNIC were
synthesized, characterized and purified by reverse phase HPLC. Radiolabelling of the conjugates with
99mTc was achieved using tricine as co-ligand. High labelling efficiencies were obtained and 99mTc
peptides with high radiochemical purity were found when analysed both by ITLC and HPLC. In vitro
stability of 99mTc-peptides in human serum and towards cysteine challenge was determined by
Cellogel electrophoresis and HPLC after ultrafiltration of serum solution through a 20 kDa cut off
membrane. Biodistribution studies were performed in healthy mice at 5 and 30 minutes and 1, 2, 4 and
24 h post-injection. Urine and blood samples were collected at sacrifice time. Samples of urine and
ultrafiltrate murine serum were analysed by electrophoresis and reverse phase HPLC in order to get
some information about radiocompounds metabolism. Biological distribution of 99mTc octreotide was
also assayed in mice pre-treated with an excess of unlabelled peptide. From our results we conclude
that this labelling method led to stable 99mTc complexes both in vitro and in vivo when high specific
activities (37-72 GBq/umole) were used. Biodistribution studies of both 99mTc-peptides indicated a
radioactivity distribution profile with significant differences especially in the liver uptake that is
higher for 99mTc RC-160. However, a rapid blood clearance was obtained for both radiolabelled
peptides, and the urine analysis indicated that 99mTc peptide is mostly excreted as the initial complex.
Pre-treatment with unlabelled peptide did not affect renal excretion of 99mTOC but pancreas and
intestine radioactive uptake was significantly lower, indicating saturation of somatostatin receptors
and selective uptake.

1. INTRODUCTION

Somatostatin, an endogenous peptide presents multiple pharmacological properties and
inhibitory effects on various tumours which originated a great interest on its use for
therapeutic purposes. Nevertheless its use was hampered by its short biological half-life and
multiple biological and oncological actions. To overcome this inconvenience several
analogues, with prolonged half-life, have been synthesized. Among these are the octapeptides
octreotide and RC-160 that possess most of somatostatin biological properties. When
radiolabelled with mIn, they have proven to be a valuable tool for visualization of tumours
that express somatostatin receptors with high sensitivity [1-7]. Because of the advantages of
using ^ T c as radionuclide, efforts have been made to develop methods to obtain 99mTc
somatostatin analogues with suitable biological behaviour to use as imaging agent [8-10].
Different radiolabelling methods have been proposed to label these peptides with ^Tc : direct
labelling based on the previous reduction of disulphide bridge into free thiols and the indirect
methods that require a bifunctional chelating agent to be coupled to the peptide.

This work was undertaken under the CRP to develop a radiolabelling method for the
somatostatin analogues, octreotide and RC-160 with 99mTc. To achieve this goal, a method
based on the conjugation of peptides with the bifunctional chelating agent, initially proposed
by Abrams for protein radiolabelling [11], 6-HYNIC [12-13] was chosen. Studies to
investigate radiochemical purity of labelled peptides, its in vitro and in vivo stability,
biodistribution in mice and receptor mediated pancreas and intestine uptake were carried out.
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2. MATERIALS AND METHODS

2.1. Materials

[Tyr3, Lys5-Boc] octreotide and [Lys5-Boc] RC-160 were synthesized by Bachem UK
Ltd and supplied through the IAEA. The 6-Boc-hydrazinopyridine-3 carboxylic acid
(HYNIC) and HATU used in the synthesis of the conjugates were also supplied through the
CRP. All other reagents were purchased from Aldrich-Sigma Chemical Co and were of
analytical grade. Sodium pertechnetate-9 Tc was obtained from a commercial (Amertec II)
99Mo/99mTc generator. The kit for labelling the conjugated peptide DTPA-D-Phel-octreotide
(Octreoscan) with 1HIn was supplied by Mallinckrodt Medical Petten.

2.2. Synthesis of the HYNIC peptide conjugates

The HYNIC conjugate of peptides was prepared from Boc-hydrazinopyridine-3-
carboxilic acid through HATU activation. HYNIC was activated by 15 minute incubation
with diisopropylethylamin and 0-7-azabenzotriazolyl)-HATU in a molar ratio of
approximately 1:3:1 and subsequently added to the Boc-protected peptide. After 2-3 hours of
reaction time the conjugated peptide was extracted with ethyl acetate, successively washed
with 5% NaHCC>3, 5% NaHSC>4 and saturated NaCl solution and evaporated to dryness. The
conjugated peptides were Boc-deprotected with 92% trifluoroacetic acid and 6% thioanisole
by 30 minute incubation time at room temperature. After deprotection the solution was
immediately evaporated under high vacuum. The conjugated peptide in the residue was
dissolved in water: ethanol, purified and characterized by reverse phase HPLC on a Nucleosil
C18 (8x250 mm) column using 0.1% TFA/water and 0.1% TFA/acetonitrile as mobile
phase, a flow rate of 0.5 mL/min and the following gradient: 0-5 min. 0% acetonitrile, 5-15
min. 0-80% acetonitrile, 15-25 min. 80% acetonitrile, 25-30 min. 80-0% acetonitrile.
Purified fraction from the HPLC was lyophilized.

2.3. Radiolabelling of conjugated peptide with 99mTc

Radiolabelling of the conjugate with 99mTc was achieved using tricine as co-ligand. For
that purpose, in a sealed 10 mL vial, 10 mg of tricine in 0.5 mL nitrogen purged water
(pH~ 5.0) and 35 ug stannous chloride (5mg/mL nitrogen purged 0.1N HC1) were added to
10 ug conjugated peptide dissolved in nitrogen purged water and 0.5 mL of pertechnetate
(750-1500 MBq). The reaction mixture was allowed to stand at room temperature for 30 min.

The reaction sequence for the synthesis of the peptide conjugates, using the HYNIC
octreotide as example, and the scheme of the respective radiolabelling reaction are
summarized in Fig. 1.

2.4. Radiochemical purity and in vitro stability

Radiochemical purity and in vitro stability evaluation of 99m Tc peptides in solution was
accomplished by the use of different analytical methods: (1) instant thin layer
chromatography using the following chromatographic systems: ITLC SG in saline or
methylethylketone (MEK) or 50% acetonitrile as mobile phase. In saline labelled peptides and
colloid remain at the origin while labelled tricine and pertechnetate migrate. In MEK, only
pertechnetate migrate and, in acetonitrile, only colloid remains at the origin; (2) reversed
phase — HPLC system coupled to UV at 220 ran and y detectors, as described in the synthesis
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of HYNIC peptide conjugates; (3) cellulose acetate electrophoresis using Veronal buffer, pH
= 8.6 as electrolyte running at 200 V during 45 min.

In vitro stability of the 99mTc peptides in the presence of human serum was evaluated by
incubation of 10 uL aliquots with 500 ul human serum for 1 to 24 h at 37°C. Samples were
analysed by reverse phase HPLC after ultrafiltration through a 20 kDa cut off membrane
(Centrisart I, Sartorius GmbH). Total serum was tested by cellulose acetate electrophoresis

D-Phe-Cys-Phe-D-Trp-Lys(Boc)-Thr-Cys-Thr-OH
H
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Tioanisol
92% TFA
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SnCI,

HN-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-Thr-OH

99m nFIG. I. Schematic representation of the synthesis ofHynic octreotide Tc,

Cystein challenge was studied with 100 and 1000-fold molar excess of fresh cystein
solution in phosphate buffer saline, pH = 7.4. Mixtures were incubated up to 24 h at 37°C.
Samples of incubated mixture were checked by ITLC and HPLC.

2.5. In vivo studies

Biodistribution of labelled peptides was studied at 5 and 30 min., 1, 2, 4 and 24h after
intravenous administration of 99m Tc-octreotide into groups of six animals, 30-39 day old
Charles River healthy female mice weighting approximately 25 g each. The animals were
intravenously injected with 100 (J.L via the tail vein and were maintained on normal diet ad
libitum. At sacrifice time, the animals were killed by cervical dislocation and the main organs
removed for counting in a gamma counter. Blood samples were taken by cardiac puncture.
Urine samples were also collected immediately before sacrifice. The results were expressed as
per cent of injected dose per gram organ (% I.D./g organ).

Samples of urine were also analysed by HPLC and cellulose acetate electrophoresis.
Murine serum was separated from total blood by centrifugation and analysed by cellulose
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acetate electrophoresis. HPLC analysis of murine serum was also performed after
ultrafiltration through a 20 kDa cut off membrane.

Biological distribution was also studied in mice pre-treated with 200 ug unlabelled
peptide injected intravenously 30 min before 99mTc octreotide administration to saturate the
receptors.

3. RESULTS

Synthesis of HYNIC peptide conjugates using HATU for activation of the free
carboxylic acid was achieved within 2 h. As both peptides contain a lysine aminogroup
protected by a t-Boc in order to keep their receptor affinity, after coupling reaction the
peptides were Boc deprotected, HPLC purified and lyophilized. The overall yield (coupling,
Boc deprotection reactions and liophilization) was ca. 30%. Reverse phase HPLC analysis of
the purified compound revealed a single peak at retention times corresponding to the coupled
peptide (Fig. 2).

OC<l"C<lCi<ic

FIG. 2. RP-HPLC UV profile from the synthesis of octreotide (A) andRC-160 conjugates (B).

High labelling efficiency was obtained when HYNIC conjugated peptides were labelled
with 99mTc using tricine as co-ligand to occupy the remaining sites in the technetium co-
ordination sphere. Both Tc peptides, octreotide and RC-160 were obtained, at specific
activities of 37-74 GBq/p,mole, with high radiochemical purity when analysed both ITLC,
HPLC and electrophoresis (as exemplified in Fig. 3). Recovery from HPLC was higher than
95%. The 99mTc compounds were stable in solution at least during 24 h.

When 9 Tc peptides were incubated with fresh human serum for 24 h the HPLC
analysis of the ultrafiltrate indicates that most of the radioactivity (>95%) was detected as
intact 9 Tc labelled peptides. However, by electrophoresis, some other small peaks were
detected, probably resulting from serum protein competition towards labelled compound
(Fig. 4).
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FIG. 3. Radiochemical purity of"mTc octreotide and""'Tc RC-160. A-RP-HPLC
radioactivity profile; B-Electrophoresis radioactivity profile.
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FIG. 4. In vitro stability in presence of human serum. A-RP-HPLC; B-electrophoresis.
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FIG. 5. Biodistribution of "'Tc-octreotide in mice.
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FIG. 6. Biodistribution of"mTc RC-160 in mice.

Results of 99mTc peptide stability in the presence of 100 and 1000 fold molar excess of
cysteine indicate that no significant degree (<5%) of transchelation was detected for any of
the peptides.

Biological distribution data of labelled octreotide at 5 and 30 min, 1, 2, 4 and 24 h after
i.v. administration are presented in histogram of Fig. 5. These biodistribution studies
demonstrated that 99mTc octreotide is rapidly cleared from blood and that the tracer is mainly
excreted via the kidneys with low uptake by the hepatobiliary system. The radioactivity
excreted in urine was 14.6% + 3.9, 33.5% + 2.2, 45.6% + 1.3, 48.4% + 2.7, 52.3% + 0.5 and
71.8% + 2.1 of the injected dose, respectively, at 5 and 30 min, 1, 2, 4 and 24 h after
administration.
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FIG. 7. Pancreas and intestine uptake 4 h after i.v. administration.

H

P
O
<
o
Q

30 uiiu.
""lc-KC-IOO

hJ

Tc-oc(rcolidc

2-4 h

FIG. 8. Radioactivity profiles of urine samples obtained from
160 injected mice by RP-HPLC at different times.
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FIG. 9. Radioactivity profile of urine samples obtained from 99mTc octreotide and mTc
RC-160 injected mice by electrophoresis.
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collected at 30 min, 1 and 4 h after sacrifice.
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FIG. 11. Radioactivity profiles obtained by electrophoresis of total murine serum collected
after 99mTc-octreotide and 99mTc RC-160 administration.

Biological distribution results obtained from the administration of 99mTc RC-160 at
5 and 30 min, 1, 2, 4 and 24 h after i.v. administration are presented in histogram of Fig. 6.
Radioactivity distribution profile clearly presents a significant higher liver uptake when
compared to the 99mTc octreotide. This is in accordance with its higher lipophilic character.
Also a lower uptake in pancreas and adrenals was found. However, the radiolabelled peptide
was also rapidly cleared from blood and presented a high per cent of radioactivity excreted via
the urinary tract. The radioactivity excreted in urine was 4.3% + 0.2, 12.0% + 2.3, 19.0% +
0.5, 23.1% + 2.1, 36.3% + 0.1 and 58.6% + 2.8 of the injected dose, respectively, at 5 and
30 min, 1, 2, 4 and 24 h after administration.

Owing to the better biologic profile of 99mTc octreotide, specific tissue uptake in
comparison with m I n octreotide was only carried out with this labelled peptide. Pancreas,
adrenals and intestines are known to be rich in somatostatin receptors. In order to get an

99mninsight on the mechanism involved on the Tc octreotide uptake we performed the
biodistribution studies, 4 h after administration in parallel into two separated animal groups:
a) without any treatment (unblocked) and previously i.v. injected with an excess of unlabelled

(blocked). For comparative purposes identical biodistribution studies were run with
m I n octreotide, a successfully used clinical radiopharmaceutical to image human tumours
that express somatostatin receptors. Results found, expressed as % D.I./g organ, 4 h after
administration are presented in Table I.

In the case of 99mTc octreotide the biodistribution pattern of untreated and pre-treated
animals does not present significant differences except in the intestine and pancreas where the
radioactivity accumulation decreases in the pre-treated animal group indicating a selective
tissue uptake. Pancreas and intestine uptake is presented in the histogram of Fig. 7. These
observations correlate well with the data obtained with n i In octreotide although it has shown
a higher radioactivity clearance from most of the tissues. Nevertheless, specific uptake in
same organs (pancreas and intestine) was also identified.
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TABLE I. BIODISTRIBUTION IN HEALTHY MICE OF
11 lln DTPA-OCTREOTDDE

99mTc OCTREOTIDE AND

Organ

Blood

Liver

Intestine

Spleen

Kidney

Stomach

Adrenals

Pancreas

Unblocked

1.3 ±0.8

2.4 ±0.2

5.4 + 0,5

1.0 ±0.0

17.3 ±2.5

1.6 ±0.5

1.6 ±0.8

3.0 ±0.5

z octreotide

Blocked

1.7 ±0.4

3.4 ±0.2

2.8 ±0.4

0.9 ±0.3

20.8 ±3.0

2.1 ±0.9

2.1 ±0.4

1.6 + 0.1

m I n

Unblocked

0.1 ±0.0

0.2 ± 0.0

1.1 ±0.4

0.1 ±0.0

8.1 ±2.1
-

1.0 ±0.3

1.5 ±0.4

octreotide

Blocked

0.1 ±0.0

0.3 ±0.1

0.4 ±0.1

0.1 ±0.0

8.8 ±1.7

0.4 ±0.1

0.6 ±0.3

0.3 ±0.1

HPLC and electrophoresis analysis of urine indicated that 9 mTc compounds is mostly
excreted as non-metabolized form (Figs 8 and 9).

HPLC and electrophoresis analysis of murine serum at different times after i.v.
administration showed high in vivo stability (Figs 10 and 11) although during the first hour
the radioactivity profile of the total murine serum, obtained by electrophoresis, has revealed
some radiochemical impurities, attributed to some 99mTc serum protein binding.

4. CONCLUSION

In conclusion, radiolabelling of HYNIC octreotide and HYNIC RC-160 conjugates with
99mTc, at specific activities of 37-74 GBq/u.mole and high radiochemical purity, was
achieved. In vitro stability studies indicated that the 99mTc-peptides are stable in the presence
of human serum and do not undergo transchelation when challenged with an excess of
cysteine.

Biodistribution studies in mice demonstrated that 9 Tc-octreotide is rapidly cleared
from blood and that the tracer is mainly excreted via the kidneys. In opposite the 99mTc
RC-160 presented a markedly higher liver uptake, well correlated to its higher lipophilic
character, conferring it a poorer biological profile.

HPLC and electrophoresis analysis of murine serum, at different times after i.v.
administration, showed high in vivo stability for both 9mTc peptides and the analysis of urine
indicated that 99mTc compounds are mostly excreted in non-metabolized form.

The lower uptake in pancreas and intestine, observed in the animals previously injected
with unlabelled peptide, indicates that 99mTc octreotide uptake is somatostatin receptor-
mediated.
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