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Abstract

Radiolabelling of Somatostatin analogues as RC-160 and TOC with 99mTc, using direct and
bifunctional chelating methods as well as quality control and evaluation methods, has been
accomplished following the techniques and recommendation of the first and second RCMs. Synthesis
of bifunctional chelating agents, such as Bz-MAG-3, is routinely produced in our Laboratory.
Synthesis of HYNIC and HYNYC-MAG-3 is in progress. Radioiodination of RC-160 using
chloramine-T and iodogen methods were also studied in order to get experience with the different
techniques used to evaluate the labelled peptides.

1. INTRODUCTION

Radiopharmaceuticals based on biologically active peptides present a wide range of
potential applications for diagnostic imaging and therapy. They offer advantages over
monoclonal antibodies because of their smaller size, their low probability of immune
response, can be produced synthetically and can, therefore, be less inexpensive.

Somatostatin is an endogenous peptide that inhibits the secretion of many hormones,
such as growth hormone, thyrotropin, gastrin. It also acts as a neurotransmitter and
neuromodulator. Many tissues express somatostatin receptors. This include pituitary, gut,
pancreas and endocrine tumours associated with these tissues. Because of the short half-life of
naturally occurring somatostatin in blood, somatostatin itself is not effective as a diagnostic
agent. Analogues of somastostatin, have been developed. Among them Octreotide possesses
the same pharmacological properties as somastostatin but clears more slowly from the blood.
The goal of the radiopharmacist during the last ten years has been radiolabelling of these
agents with high specific activity using metal radionuclides such as 99mTc, permitting the
peptide to carry the radionuclide-binding group in its structure while maintaining high-affinity
binding to the receptor site.

Other synthetically produced Somatostatin analogue peptides such as RC-160
(Vapreotide) and TOC (both developed by Sandoz) have been used in this CRP in order to
develop the radiolabelling techniques and quality control methods. 99mTc, because of its ideal
physical characteristics, was the radiometal of choice.

2. MATERIALS AND METHODS

2.1.125I peptide labelling methods

The octapeptide RC-160 can be labelled with radioiodine because of the Tyr group
present in the molecule.
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2.1.1. Chloramine — T method

Solutions:

Chloramine T: 1 mg/mL 0.05M phosphate buffer pH7.4

Peptide: 1 mg/mL 0.005M acetic acid pH4.2

Methanol: 100%

1251 peptide labelling

(1) To an Eppendorf tube containing 42.5 uL phosphate buffer 0.05M, pH7.5
(2) Add 5 -10 ug of RC-160 dissolved in 5-10 uL of 0.05M acetic acid pH4.2 mix with

Vortex
(3) Add 200 uCi (7400 KBq) 125I/10 uL
(4) Add 2.5 ul of chloramine-T solution
(5) After 60 s incubation time at RT, add 40 uL of methanol and immediately purify by

SEPPAK C-18 cartridge.

2.1.2. Iodogen method

Solutions:

Iodogen: 1 mg/25 mL of CH2C12

Peptide: 1 mg/10 mL buffer phosphate pH7.4

Saline: pH4.5 acidified using CH3COOH

Saline: NaCl 0.9% MeOH 85%.

Methanol: 100%

Iodogen tube preparation

(1) Add the necessary amount of iodogen solution in 1.5 mL Eppendorf tubes (25, 50,
100 ug/tube)

(2) Evaporate to dryness under N2 stream in a dark fume cupboard.
(3) Keep at -20°C under dry conditions.

""7peptide labelling

(1) Add 200 uCi (7400 KBq) of 125I to the iodogen tube.
(2) Add, as fast as possible, 100 uL of peptide solution (10 ug). Mix well.
(3) Incubate 30 min at room temperature
(4) Transfer the reaction solution to a clean tube
(5) Wash the labelling tube with 500 ul of saline solution (pH4.5) and add to the reaction

mixture.
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2.1.3. Purification of labelled1251 peptide

Anion exchange column Dow ex 1X8

Thoroughly wash 5 g of the resin with HC1 0.1 M for 10 min. Rinse three 3 times with
deionized water and once with saline (pH4.5). Load the column with resin (0.5-1.0 mL), wash
with 2 mL of saline pH4.5. Purify the labelled peptide by passing it down the column and
elute with 4 x 0.5 mL aliquots of saline (pH4.5).

SEPPAK C-18 purification

SEPPAK activation: Wash the SEPPAK successively with 5 mL ethanol and 5 mL of
water.

Elution: Load the reaction mixture and wash with 5 mL of water and elute with 5 mL of
methanol 95%. Evaporate the solvent under N2 stream and re-dissolve with saline.

2.1.4. Radiochemical purity determination of " 1 peptide

Determination of radiochemical purity was achieved by:

Chromatography: ITLC/methanol 85%

Rf. 125I": 1.0

Rf.125I peptide: 0.0

2.2. 99mTc peptide labelling using bifunctional chelating agent

2.2.1. Preparation ofRC-160 and TOC conjugates

HYNIC CONJUGATE

Preparation of Boc protected HYNIC RC-160/TOC — prepare the following
solutions in dry glass vials:

A. 1,3 mg 6-Boc-Hydrazinpyridine-3-carboxylic acid (Boc-HYNIC) in 100 uL dry DMF
B. 2,0 mg HATU in 100 uL DMF
C. 10 [iL Diisopropylethylamine in 300 \xL DMF
D. 0,4 mg Boc-RC-160 or Boc-TOC in 20 uL DMF and 5 p.L water in a 5 mL reaction-

vial.

(1) Add 50 \xL each of solution A, B and C to a dry glass vial (reaction solution) and allow
reacting for 15 min

(2) Add 60 uL of the reaction solution to solution D (peptide solution) prepared in step 1
above after the 15min reaction time

(3) Allow the solution to react for 1 h
(4) Activate a SEPPAK C-18 Mini Cartridge by washing with 5 mL Ethanol followed by

5 mL water; dry the cartridge by pushing 5 mL of air through the cartridge
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(5) After a minimum 1 h reaction time add 1 mL of water to the reaction vial and transfer
the solution on the SEPPAK cartridge, wash vial and cartridge with additional 3-4 mL
of water; dry the cartridge by pushing 5 mL of air through it

(6) Elute the cartridge with 0.5-1.0 mL (1.5 mL, when required) of pure acetonitrile and
collect the eluate in a 1.5 mL Eppendorf vial

(7) Reduce the acetonitrile solution under N2 stream (low temperature) to a volume of
about 100 uL.

Deprotection of Boc-HYNIC-RC-160/Boc-HYNIC-TOC

(1) Add IOJJL of Thioanisole and 300 uL TFA to 100 uL of acetonitrile solution in
Eppendorf tube containing protected peptide

(2) Allow reacting for maximum of 5 min
(3) Evaporate to dryness under N2 stream
(4) Dissolve the residue in 50 uL ethanol, them add 50 |J,L water, and load the solution on

the HPLC column. Wash vial and injection syringe with 2 x 30 uL 50% ethanol
(5) Purify the solution on HPLC using TFA gradient:
(6) Column: RP Delta Pack: 5um, 4,6 x 150mm.
(7) Flow 1 mL/min at 220 nm
(8) Gradient: 0.1% TFA/A CN and 0.1 % TFA/water
(9) 0-3 min: 0% CAN
(10) 3-13 min: 0-50% CAN
(11) 13-23 min: 50% CAN
(12) 23-26 min: 50-70% CAN
(13) 26-30 min: 70-0% CAN
(14) Collect the deprotected HYNIC-RC-160 or HYNIC-TOC with an approximate 15 min

to 20 min retention time in a glass vial
(15) Close glass vial with rubber, seal it and purge with nitrogen for 5 min
(16) Store the solution at -20°C.

BZ-MAG-3 CONJUGATE

Preparation of Boc protected Bz-MAG-3 RC-160/TOC — prepare the following
solutions in dry glass vials:

A. 2,2 mg Bz-MAG-3 in 100 uL dry DMF
B. 2,0 mg HATU in 200 uL DMF
C. 10 jo.1 Diisopropylethylamine in 300 ul DMF
D. 0,4 mg Boc-RC-160 or Boc-TOC in 40 uL DMF and 5 uL water in a 5 mL reaction

vial.

(1) Add 100 uL of solution A, 50 uL of solution B and 20 uL of solution C to a dry glass
vial (Reaction solution) and allow to react for 15 min

(2) To solution D (peptide solution) add 40 uL of the Reaction solution prepared in 1 after
the 15 min reaction time

(3) Allow the solution to react for 1 h
(4) Activate a SEPPAK C-18 Mini Cartridge by washing with 5 mL Ethanol followed by

5 mL water, dry the cartridge by pushing 5 mL of air through the cartridge
(5) After a minimum 1 h reaction time add lmL of water to the reaction vial and transfer

the solution on the SEPPAK cartridge, wash vial and cartridge with additional 3-4 mL
of water. Dry the cartridge by pushing 5 mL of air through it
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(6) Elute the cartridge with 0.5-1.0 mL of pure acetonitrile and collect the eluant in a
1.5 mL Eppendorf vial

(7) Reduce the acetonitrile solution under N2 stream (low temperature) to a volume of
about 100 uL.

Deprotection of Boc-Bz-MAG-3-RC-160/Boc-Bz-MAG-3-TOC

The same procedure as for HYNIC conjugate.

2.2.2. ""' Tc radiolabelling of conjugate RC-160/TOC

" m T C - H Y N I C CONJUGATE USING TRICINE AS CO-LIGAND

Solutions:

(1) Tricine 100 mg/mL in 25 mM Succinate buffer pH5
(2) Stannous chloride 1 mg/mL 0,lN HCl in purged water and all solutions with nitrogen.

Add subsequently in a 5 mL rubber closed vial:

— 10 |ag HYNIC conjugate
— 0,5 mL tricine solution
— 30 mCi (1100 MBq) 99mTc pertechnetate in 0,5 mL
— Add 25 uL of tin (II) solution to start the reaction
— Incubate for 30 min.

99mTc-Bz-MAG-3 CONJUGATE

Solutions:

(1) Sodium tartrate 100 mg/mL in 0.1M Phosphate buffer pH7.2
(2) Stannous chloride 1 mg/mL 0,lN HCl in
(3) Purge water and all solutions with nitrogen.

Add subsequently in a 5 mL rubber closed vial:

— 10 jig Bz-MAG-3-conjugate
— 0,5 mL Tartrate solution
— 30 mCi (1100 MBq) in 0.5 mL of 99mTc pertechnetate
— Add 40 uL of tin solution to start the reaction
— Heat at 100°C for 15 min.

2.3. 99mTc peptide labelling using direct methods

Direct labelling methods using ascorbate to reduce disulfide peptides group and
dithionite or GH-Sn to reduce 99mTc pertechnetate were also used.

ASCORBATE/DITHIONITE

10 mg/mL Ascorbate solution pH6.2 was used as peptide reducing agent and dithionite
as pertechnetate reducing agent.
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ASCORBATE/GH-SN(II)

10 mg/mL Ascorbate solution pH6.2 was used as peptide reducing agent and GH/Sn
lyophilized kit containing 100 mg of Glucoheptonate and 1 mg of Sn2Clx2H2O as
pertechnetate reducing agent. GH-Sn kit was labelled with 3.0 mL of 99mTc pertechnetate
saline solution.

2.4. Purification of 99mTc labelled peptide

Purification of the labelled peptide-conjugate was accomplished using SEPPAK C-18
mini cartridge activated with ethanol and water. After loading the labelled peptide it was
washed with water and eluted with 80% acetonitrile, which was evaporated under nitrogen
stream and re-dissolved with saline.

2.5. Radiochemical purity determination of 99mTc peptide

Radiochemical purity of 99mTc-HYNIC-RC-160, 99mTc-HYNIC-TOC, 99mTc-Bz-MAG-
3-RC-160 and 99mTc-Bz-MAG-3-TOC were determined using HPLC RP Gradient method in
a Water System with on line UV(220 nm) and radiometric detectors analysed by a
multichannel S-100 Card. A Water Delta Pack C 18 Column 5 ji 300 A0 and 15 mm was used.

Results:

125I LABELLED PEPTIDE

Radioiodination was carried out using oxidation methods with chloramine-T and
iodogen, in order to produce ion iodonium (I4") using commercial 5INa. Labelled peptide
with 125I using chloramine-T method gave better yield using the iodogen method. The best
result with iodogen method was obtained when using 50 jig of iodogen per tube. With
chloramine-T labelling, yield was around 50% and purification was carried out immediately
after 1 min of reaction time, using reverse phase SEPPAK C-18 cartridge (Table I).
125I Peptide was obtained in methanol fraction and 125P in water fraction.

TABLE 1.125I-PEPTIDE RADIOCHEMICAL PURITY

chloramine-T

iodogen

Before purification

50 ± 12%

26 ±3.2

After purification

92 ± 4.5

-

99mTc PEPTIDE LABELLING

(1) 99mTc peptide labelling using bifunctional chelating agent

Conjugate preparations were done using HATU and dry DMF as solvent. When DMF is
not dry the peptide precipitates and the conjugate might be lost. Both peptides were
conjugated and after deprotection with TFA and thioanisole the conjugates HYNIC-RC-160,
Bz-MAG-3-RC-160 and HYNIC TOC, and Bz-MAG-3-TOC were purified by HPLC by
gradient methods. HPLC Chromatograms are shown in Figs 1 and 2.
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HYNIC-RC-160

BZ-MAG3-RC-160

FIG. I. HPLC conjugate chromatograms.
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HYNIC-TOC
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BZ-MAG3-TOC

. 2. HPLC conjugates chromatograms.
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"""Tc-HYNIC-RC-ISO 99mTc-HYNIC-TOC

iiit=322K

99m.Tc-Bz-MAG3-RC-160 99iivTc-Bz-MAG3-T0C

FIG. 3. Radiochromatograms.

Labelling with 99mTc using Sn(H) as SnCl2 x2H2O as reducing agent of pertechnetate
and tricine as co-ligand was carried out. 99mTc-tricine labelling was over 90%. When labelling
tricine all solutions were nitrogenated in order to avoid presence of oxygen because of the low
amount of Sn(II) used.

Radiochromatograms of all radiolabelled conjugates are shown in Fig. 3 and labelling
yields are given in Table II. With a bigger amount of peptide the SEPPAK cartridge might be
overloaded and may be a changed to a bigger sized type such as Plus SEPPAK could be
necessary.
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TABLE n. 99mTc PEPTIDE RADIOCHEMCAL PURITY

Peptide Conjugate Labelling

RC-160 HYNIC 90 ± 4.5

RC-160 Bz-MAG-3 88 ±5.2

TOC HYNIC 92 ± 5.2

TOC Bz-MAG-3 90 ± 2.6

(2) 99mTc peptide labelling using direct labelling methods

Direct labelling methods using ascorbate to reduce disulphide bridges and dithionite or
GH-Sn(H) as 99mTc pertechnetate reducing agents were also used but reproducible results
were not achieved. During the second period of the CRP we did not work on these techniques.

Labelling yields using different amounts of ascorbate solution (50; 100; 150; 200 and
400 uL) with 1 mL of 99mTc-GH solution and different amount of 99mTc-GH (0; 25; 50; 75;
100; 300; 500; 700 and 1000 uL) with 150 uL of ascorbate solution were studied. Maximum
yields were 30%. Results are shown in Table III.

TABLE III. 99mTc RC-160 LABELLING STUDIES AT DIFFERENT ASCORBATE AND
GH-Sn CONCENTRATIONS

RC-160
uL [lOOug/mL]

100

100

100

100

100

100

100

100

100

100

100

100

100

ASCORBATE
uL [10 mg/mL]

50

100

150

200

400

150

150

150

150

150

150

150

150

*GH/Sn
ML

1000

1000

1000

1000

1000

0

25

50

75

100

300

500

700

99mTc-RC-160
%

7.04

2.78

30.45

22.28

10.1

0.75

19.53

16.74

27.33

19.31

13.65

5.95

2.78

99mTc-GH
%

92.96

97.22

50.20

69.50

73.8

4.48

—

—

—

25.55

29.37

11.34

18.28

99mTc04-
%

—

—

19.35

8.22

16.1

94.76

80.47

83.26

72.67

55.14

56.98

82.71

78.95

* Lyophilized kit + 4 mL pertechnetate.
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3. CONCLUSION

The use of bifunctional chelating agents to label this kind of peptides allow to obtain
good results but still we must improve them by using other bichelating agents and other co-
ligands. Also, we must try again to get better labelling with the direct labelling methods. We
need to get more experience with Receptor Binding Assays in order to evaluate binding
affinity to Somatostatin receptors.
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