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Abstract

Techniques and methodologies for labelling peptides with 99mTc and methods for their
purification, chemical, radiochemical and biological controls were evaluated. With the purpose of
gaining experience, labelling with 125I was also studied. RC-160 was labelled with 125I using iodogen
as well as chloramine-T method. Higher yields were obtained with chloramine-T method (60%),
rendering 125I-peptide with 98% of radiochemical purity, with specific activity of 240 uCi/ug — 274
uCi/(ag. The product was stable for five weeks (at -20°C). For somatostatin receptors studies rat brain
cortex membrane was prepared. Maximum binding capacity was 24.7% and Kaff for the binding of
RC-160 to receptor was estimated as 2.0 x 1010 rVP1. Other peptides as fi-(2-Naphthyl)-DAla-Cys-Tyr-
DTrp-Lys-Val-Cys-Thr amide (N-9642, Sigma) and mouse epidermal growth factor (mEGF) were also
labelled by means of limiting chloramine-T method, hi case of mEGF the availability of membrane
receptors allowed us to experiment in mice as well as in vitro. The reaction yields were up to 60% and
70% respectively. Biodistribution of 125I-mEGF in a mouse with adenoma demonstrated preferential
uptake in tumour (21,7% injected dose). The radioimmunoassay system gave 39% maximum binding
(MB) and 50% displacement (ED5o) for 10 ng/mL unlabelled mEGF. Direct method and BFC's for
labelling peptides with 99mTc were investigated and purification and quality controls studies were
performed by TLC, HPLC (UV and gamma detection). RC-160 was labelled by a direct method using
sodium dithionite as reducing agent with radiochemical purity >95%. The product was stable up to six
hours (at RT). Considerable adsorption problems were observed. Biological behavior was in
accordance with the compounds' lipophilicity. The synthesis of TOC conjugates with HYNIC as BFC
was done with 45% ± 5% (n = 3) yield. Labelling of HYNIC-TOC with tricine as co-ligand was
conducted with up to 90% yield. Studies of RC-160 labelling using 99mTc- tricine and benzoyl MAG-3
as BFC agent, were also initiated.

1. INTRODUCTION

Radiolabelled receptor specific biomolecules promise to play a major role in diagnostic
as well as therapeutic applications of malignant tumors. There are several peptides which may
serve as useful radiopharmaceuticals for imaging a wide range of major diseases.

As radiolabelling of somatostatin analogues have offered potential for tumor detection,
the objective of this work is to develop 99mTc-based labelled somatostatin analogues.
Therefore, special effort was made to gain experience in labelling techniques, mainly those
involving conjugation of BFC to the peptide, as well as application of quality control
procedures for evaluation of the different steps. This included preparation of rat brain cortex
membranes and competitive binding as well as receptor assays.

Selected peptides were first labelled with 125I and conventional quality control
procedures as well as competitive binding assays were performed [1,2].
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Experimental procedures for labelling with mTc by direct method and BFC agents,
were carried out following the experts' recommendations and IAEA lab. protocols [3-7].

2. EXPERIMENTAL PROCEDURES

2.1. Materials

Reagents were purchased from Aldrich-Sigma Chemical Co., except otherwise stated
and used as they were received.

6-Boc-Hydrazinopyridine-3-carboxilic acid (Boc-HYNIC), [Lys5-Boc] RC-160, RC-
160 and [Tyr3,Lys5-Boc] Octreotide were synthesized by Bachem UK Ltd.

HATU and Tricine were provided by H. Macke (University Hospital, Basel,
Switzerland) and by S. Mather (St. Bartholomew's Hospital, London, UK).

Iodogen was obtained from Pierce.

125I-NaI high specific activity, highly concentrated, was obtained from Amersham and
from CIS International.

99mTc-pertechnetate was obtained from commercial 99mMo/99mTc generator (CIS
International).

S-benzoyl MAG-3 was a gift from C. Gil (Comision Chilena de Energia Nuclear,
Santiago, Chile)

Double distilled water was obtained from a bidistillation unit, Astell Scientific,,

2.2. Instruments and Methods

HPLC

A solvent module (Varian Associates, model 5000) with UV detector coupled to an on-
line Nal(Tl) detector, was used for HPLC analysis. In those cases in which on-line
radioactivity determination was not possible, samples were collected and measured in a solid
scintillation counter (Compac 120 or Ortec).

Method 1

C-18 stationary phase column (Micropak MCH-10, 4 x 300 mm, Varian Associates), at
flow rate of 1 mL/min and UV detection at 280 nm were employed together with the
following solvent systems:

A) MeOH/NaCl 0.15M. Gradient: 0-10 min 40%-80% MeOH, 20-25 min 80%-40%
MeOH.

B) ACN/0.1%TFA/water. Gradient: 0-3 min 0% ACN, 3-13 min 0%-50% ACN, 13-
23 min 50% ACN, 23-26 min 50%-70% ACN, 26-30 min 70%-0% ACN.
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Method 2

C-18 stationary phase column (MCH-5 N cap, 4 x 150 mm), at flow rate of 1 mL/min
and UV detection at 220 nm and 280 ran were employed together with the solvent system B)
as previously indicated.

In all cases, HPLC controls were performed for the starting materials and for the
products obtained in the different steps of labelling.

TLC. Instant thin layer chromatography on silica gel (ITLC-SG Gelman Sciences) was
performed using different mobile phases: MeOH 85%, TCA 20%, NaCl 0.15N, MEK, ACN
50%, PBS.

Gel filtration. Sephadex G-25 Pharmacia, PD-10 columns were used for purification
and/or control procedures.

Electrophoresis SDS-PAGE on 15% gels, 6 x 8 cm, 100V during 30, 45, 60 or
90 minutes. After development of electrophoresis, gels were cut and measured in a gamma
well counter.

SPE purification. Solid phase extraction, using an activated C18-SEPPAK-
Minicartridge (Waters Associates), was used for removal of impurities from the reaction
mixtures. The sample is trapped by the cartridge matrix and after a washing with 5 mL of
water, the peptide is eluted with an organic solvent.

Preparation, purification and quality control of1251 labelled peptides

RC-160 was labelled by iodogen method according to the laboratory protocol prepared
for the CRP. High purity nitrogen (dried by silica gel column) was used to allow evaporation
of dichloromethane.

Limiting chloramine-T method was also used according to the following process. To the
vial containing 1,4 \ig of RC-160 (14 uL PBS 0.05M pH7.4), 10 uL PB 0,5M pH7,4 and
16,7 MBq (0,452 mCi) of 125I-NaI solution, a freshly prepared chloramine-T solution (10 uL,
0,53 mM) was immediately added. The mixture was vortexed for 60 s. The reaction was
stopped by the addition of 400 uL sodium acetate 0,005M. The same procedure was
performed for radiolabelling the B-(2-Naphthyl)-DAla-Cys-Tyr-DTrp-Lys-Val-Cys-Thr amide
(N-9642). In this case, 10 (ig of peptide (10 uL PBS 0.05M pH7.4), 10 uL PB 0,5M pH7,4,
10 uL of 0,53 mM solution of chloramine-T and 9,75 MBq (0,264 mCi) of 125I were used.

Ion exchange, gel filtration, electrophoresis SDS-PAGE, ITLC-SG chromatography,
SPE using ethanol as organic solvent for peptide elution and HPLC (method 1 A) were used as
useful quality controls method for evaluation of radiolabelled products.

In order to conduct binding studies, rat brain membrane somatostatin receptors were
prepared according to IAEA protocol method but with small modifications: 25mM Tris-Mg
buffer was used without adding antibiotics. Tissue was dissected in cold environment,
homogenization was done with a Polytron mixer and centrifugation at low g was used to
avoid all big tissue debris. Further centrifugations were done at 10000 xg and 100000 xg to
collect pellets for the experiments. Pellets were finally resuspended and aliquoted.
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Determination of MBC was performed by challenging a fixed amount of 125I-RC-160
(1 x 10"̂  M, approx. 20 000 cpm) to various dilutions of receptor preparation (from 3 to
110 uL) in a reaction volume of 250 \ih. Measurement of the bound activity were carried out
after dilution with PBS 0,05M, pH7,4 and centrifugation at 3500 rpm during 30 minutes. NSB
was estimated by evaluation of the bound activity in the presence of an infinite amount of
cold peptide (1 and 50 u.g).

Labelling of mEGF (MW 605 3D) with 125I was done by using chloramine-T method.
Yield of labelling reaction was controlled by precipitation of a 1 ul aliquot with TCA 20%.
Purification was performed by gel permeation. Binding capacity of the labelled molecule was
analysed in a RIA system based on the use of a limiting first antibody against mEGF and
second antibody as separation method. Stability was studied over three weeks.

Biodistribution was performed in a mouse bearing spontaneous adenoma. Two hours
after i.v. injection of 125I-mEGF the animal was sacrificed and dissected. Organs were
weighted and radioactivity measured.

Selected quality control methods were applied to test in vitro stability of radiolabelled
molecules at -20°C and 4°C storage temperature.

Preparation, purification and quality control of 99mTc- labelled peptides

Direct labelling of RC-160 was done using sodium dithionite as a reducing agent in the
presence of ascorbic acid according to the labelling protocol (batch preparation) established
for the CRP. Three different final sodium dithionite concentrations were tested: 0.02, 0.2 and
2 ng/uL. Freshly eluted pertecnetate solutions with concentrations of 12 mCi/mL-85 mCi/mL
were used. Purification of the radiolabelled compound was performed by SPE in the same
conditions mentioned for 125I-RC-160. Quality control and in vitro stability (at RT) of the
labelled molecule were performed by TLC with MeOH 85% and NaCl 0.15M as well as
HPLC (method 1A). Biodistribution studies were performed in normal rats. The animals were
injected intravenously and sacrificed one hour later. Whole organs and blood, muscle and skin
samples were dissected out, weighed and counted. The results obtained were expressed as %
ID/organ.

Conjugation of HYNIC-TOC was performed according to the IAEA protocol. Briefly
the steps were: Boc-HYNYC (1 umol), HATU (1,2 umol), DEA (3,8 umol) in 300 uL DMF
were incubated for 15 min. 60uL of this solution were added to Boc-TOC (0,8 umol) in 20
uL DMF/5 uL water and allowed to react up to one hour. To stop the reaction, 1 mL water
was added and purification by SPE was done. Elution of the peptide was done with ACN
(100%) in fractions of 0.5 mL. The fractions with significant evidence of conjugate were
evaporated under N2 atmosphere and concentrated to a volume of 100-150 uL. Afterwards
300 uL of TFA and 10 uL of thioanisole were added and reacted for 5-15 min. The solution
was evaporated to dryness and the residue dissolved in 200 uL ethanol 50%. Analytic control
of the different steps of the procedure was done using HPLC (method IB and 2) while for
purification step, HPLC method 2 was applied.

Preparation of 99mTc labelled HYNIC-TOC was done using tricine as co-ligand. The
procedure was as follows: 0.5 mL Tricine (70mg/mL water), 20 uL SnCl2.2H20 (5mg/mL in
HC1 0.1N) or SnF2 (5 mg/mL in HC1 0.1N) and 1 mL Na99fflTcO4 (20-50 mCi) were incubated
for 15 min. To the peptide conjugate solution (5 ug or less) 0.5 mL of the 99mTc-tricine
solution was added and allowed to react for 20 min. The product was examined by TLC and
HPLC control (method 2).
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Initial studies of conjugation of S-benzoyl-MAG-3-TOC was carried out as described
for HYNYC-TOC as well as direct labelling of RC-160 (10 ug/100 uL) by reaction with 0.5
mL of 99mTc-tricine (30 mCi/mL) was prepared as described earlier.
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3. RESULTS

125I-RC-160: SEPPAK cartridge was selected as the purification method. Comparable
results were found for the different quality control methods except for TLC with methanol
85%. SDS-PAGE was useful to resolve labelled radioiodinated compound from free iodide
with a 45 minutes run time (Fig 1). Considering the agreement among the other quality
control methods, RP-HPLC and ITLC-SG/NaCl 0,9% were selected as methods (Rf 125I" =
0.9-1.0; Rf 125I-RC160 = 0). Radioiodination of RC-160 showed higher yields when limiting
chloramine-T method was used. The yields were 60% or more versus less than 50% for
iodogen method. Specific activities were 240 u.Ci/ug-274 uCi/ug and the radiochemical
purity was 98% (calculated by HPLC). Loss in the radiolabelling steps, mostly due to
adsorption was up to 20%. Fig. 2 shows the typical HPLC profiles for the labelled molecule at
different times post-labelling and storage conditions. It was verified that upon storage at -
20°C, the radioiodinated molecules do not have significant increase of hydrophilic impurities
(4% ± 2%) during 5 weeks, but at 4°C, an increase of up to 13% for the same elapsed time
was observed.

Labelling of N-9642 peptide with
activity of 20 uCi/ug.

125I was done with yields up to 60% with specific

125TLabelling of I-mEGF was done with yields higher than 70% (n = 4) and specific
activities around 140 uCi/ug. Purification method selected for this product was gel
permeation, which allowed excellent separation of free iodine. Binding assays done by means
of the RIA system gave a maximum binding of 39% in absence of unlabelled mEGF and a
displacement of 50% in the presence of mEGF (10 ng/mL). Stability of the labelled
compound was demonstrated for longer than three weeks.

Biodistribution in a mouse with adenoma showed a preferential uptake at tumour site
(21,7%ID)(TableI).

For 125I-RC-160 used in binding studies on rat brain cortex receptors, NSB was
estimated by evaluation of the bound activity in the presence of an infinite amount of cold
peptide. Inverse of corrected bound activity was plotted against inverse of receptor volume. A
straight line (r = 0.9833) was obtained and MBC of 24.7% was calculated.
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FIG. 3. Binding of " I-RC-160 to brain rat receptors.
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FIG. 4. Stability studies of"mTc-RC160.

Affinity constant was estimated through saturation of receptors and application of mass
action law. From the curve shown in Figure 3, saturation of the receptor was determined and
50% rate was calculated. Total bound activity corresponding to this point was determined and
related to Kd. Thus Kaff for the binding of RC-160 to receptor was estimated as 2.0 x lO^JVT1.

Labelling yield of RC-160 with 99mTc was better when high concentrations of
radioactivity were used. From SEPPAK elution, more than 90% activity was recovered in the
ethanolic fraction (second and third half milliliter) and less than 5% remained in water phase.
The hydrophilic radiochemical impurities determined by HPLC were less than 4%, consistent
with the results of TLC using NaCl 0,15M as solvent (Rf 99mTc04" = 1; Rf 99mTc-RC160 = 0).
No significant difference was observed in radiochemical purity during 6 hours. At longer
times, the hydrophilic species grew from less than 3% to more than 10% (24 h stored at room
temperature) (Fig. 4).

Biodistribution of 99mTc-RC-160 showed rapid blood clearance (less than 0,10% ID/g at
one hour) and high uptake in intestines (more than 80% of injected activity), which is in
agreement with compound lipophilic characteristics (Table II). Very small or negligible
activity was found in heart, thyroid, brain and adrenals.

From the experiences of conjugation of HYNIC-TOC, the HPLC method 2 was selected
because column used in method 1 was unable to resolve the mixtures and UV detection at
220 nm was not reproducible.

Considering the UV detection and assuming that the retention time established for Boc-
HYNIC-TOC/Boc-TOC/Boc-HYNIC are correct, yield of conjugation was 45% ± 5% (mean
± s.d.; n = 3) and this value was achieved with 20 minutes incubation time. Deprotection step
analyzed by the same way demonstrated that Boc-HYNIC alone and Boc-TOC alone achieved
less than 60% and 92% at 5 minutes of reaction. The analysis of mixture solution indicated
that with 5 minutes incubation, Boc-HYNIC-TOC lead to less than 45% ± 5% of HYNIC-
TOC (n = 3). So 15 minutes incubation time were used with more than 95% of yield.
Representative RP-HPLC for the starting and final compounds are presented in Figs 5, 6, 7
and 8.
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TrBoc-HYNIC= 11,97 min

Tr HYNIC = 10,87 min

FIG. 5. HPLC profile of Boc-HYNIC and HYNIC (UV detection).
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Tr Boc-TOC = 15,5 min (principal peak)

Tr TOC = 12,52 min (principal peak)

FIG. 6. HPLC profile of BOC-TOC and TOC (UV detection).

163



>£'

Tr HATU = 9.67min

CO

\n
no

ILJL-.
F/G. 7. HPLCprofile of HATU (UVdetection).

Labelling of HYNIC-TOC with tricine as co-ligand was better when stannous fluoride
was used instead of stannous chloride. Therefore, TLC control with MEK of 99mTc-tricine
must be done prior to peptide labelling. The yield was more than 90% with radiochemical
purity about 70% (calculated by HPLC). TLC with MEK, ACN 50% and PBS were also
selected for quality control of the labelled conjugate:

Rf
yymTcO4-
yymTc-tricine
yymTc-peptide
yymTc-colloid

MEK
1
0
0
0

ACN 50%
1
1
1
0

PBS
1
1
0
0

Preliminary studies on direct labelling of RC-160 with 99mTc-tricine indicated that a
labelled compound was obtained with TLC, which behaved as a peptide and had a HPLC
retention time shorter than RC-160 (13.9 and 15.1 respectively; system 2). Future work must
be done to improve and confirm that a 99mTc-labelled peptide is obtained and that binding
affinity for somatostatin receptors is maintained.
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Tr Boc-HYNIC-TOC = 17.03 min

Tr HYNIC-TOC = 14,63 min

Tr "mTc-HYNIC-TOC= 13,77 min

FIG. 8. HPLC profile of Boc-HYNIC-TOC conjugation (a) and deprotection (b) (UV
detection) and labelling with 99mTc-tricine (c) (gamma detection).
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TABLE I. BIODISTRIBUTION (% ID/ORGAN) IN A MOUSE WITH ADENOMA TWO
HOURS AFTER INJECTION OF 125I-MEGF

Tissue

Blood

Liver

Lungs

Spleen

Kidneys

Urine

Intestine

Stomach
(Content)

Submax

Tumour

Bladder

Uterus

Others

%ID/organ

1.19

4.47

0.99

0.91

2.56

12.57

8.91

3.85(27.51)

1.56

21.70

3.34

1.34

9.1

TABLE II. BIODISTRIBUTION (%ID/ORGAN; MEAN ± S.D. N = 4) IN NORMAL RATS
ONE HOUR AFTER INJECTION OF 99mTc LABELLED RC-160

Tissue Mean ± S.D.

Blood 1.52 ±0.47

Liver 7.88 ±3.2

Lungs 0.38 ±0.08

Pancreas 0.04 ±0.01

Kidneys 1.06 ±0.4

Urine 2.93 ± 0.81

Muscles 2.45 ± 0.95

Intestine 81.7 ±11.0

4. CONCLUSIONS

Different peptides were labelled with 125I and/or 99mTc, leading to high radiochemical
purity and high in vitro stability. In some cases, their biological characteristics were
determined and forward to be unchanged.

At the same time, many problems in methodology procedures of peptide labelling were
solved after hard laboratory work. This undoubtedly increases our knowledge in this field.
Unfortunately other aspects like availability of chemicals and consumables were time
consuming.

The interest created and the experience achieved through these activities encourages
further research work in radiolabelling of peptides and in the field of biological and
biochemical behavior.
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