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Abstract

The project aimed to develop 99mTc octreotide analogue for use in nuclear oncology. Several
attempts to label SRIF analogues with 99mTc have used a direct labelling approach but, for this project,
HYNIC was chosen as a technetium ligand. A comparison of two different SRIF analogues designed
for high specific activity labelling with 99mTc was done. HYNIC-Octreotide and HYNIC-TOC were
prepared and a kit formulation that can be labelled conveniently is currently being studied in a clinical
setting.

1. INTRODUCTION

In the last decade strong efforts have been undertaken to establish radiopeptides in
nuclear oncology [1—3].

The somatostatin-somatotropin release inhibiting factor (SRIF) receptors and its ligands
are clearly the prototype for contrast enhanced diagnosis of neuroendocrine primary tumours
and their metastases [4-6]. In addition vasoactive intestinal peptide as a radiolabelled version
was successfully introduced into the clinic for in vivo localization of endothelial
adenocarcinoma of the colon and ovarian cancer [7, 8]. In vitro autoradiographic studies
demonstrating the high density and distribution of highly specific membrane receptors on
tumours form the molecular basis of this application [9]. Today [inIn]-DTPA-(D)Phe1-
octreotide (OctreoScan-111) is routinely used in nuclear medicine for the diagnosis of SRIF
receptor positive tumours [5]. Other radioligands based on somatostatin analogues have been
developed for different purposes. 68Ga [10, 11], 64Cu [12, 13] and 18F [14] for positron
emission tomography and particularly 90Y labelled to [DOTA]-(D)-Phe1-TOR was
successfully introduced into peptide receptor mediated radionuclide therapy [15, 18]. Despite
the success with m I n labelled octreotide analogues as imaging agents, somatostatin analogues
incorporating the radionuclide 99mTc (T1/2 = 6 h, monoenergetic radiation of 140keV) would
be more desirable. The rapid blood clearance and the fast tumour accumulation of small
peptides are in accordance with the use of shorter lived radionuclides. Moreover, 99mTc as a
radionuclide used commonly in nuclear medicine has a wide availability in high quality and
shows a higher yield of photon flux per unit radiation dose delivered to the patient than m In .
Several attempts to label SRIF analogues with 99mTc have used a direct labelling approach
after reduction of the disulfide bridge; thus forming high affinity binding sites for Tc(V) [19],
or the bifunctional chelator approach including a bifunctional version of
propylenediaminedioxime [20], acyclic [21] and macrocyclic tetraamines [22] and
triamidomonothiol [23]. We have chosen 6-HYNIC as a technetium ligand. It shows great
promise due to the likely monodentate character, which may allow the use of a variety of co-
ligands [23, 24] leading to quite different biodistribution [25].

In this paper we compare two different SRIF analogues designed for high specific
activity labelling with 99mTc: HYNIC-octreotide and HYNIC-TOC and describe a kit
formulation which can be labelled conveniently and is currently being successfully studied in
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a clinical setting [1]. In addition, we study the difference of the 99mTc labelled peptides with
the gold standard of SRIF receptor imaging, u lIn DTPA octreotide (OctreoScan) in a tumour
bearing animal model. HYNIC was shown to label antibodies and peptides very reliably and
with high specific activity [26, 27] but a critical report by Hnatowich, et al. using HYNIC
conjugated to oligonucleotides indicated that the radiolabel is unstable in vivo [27].

2. MATERIAL AND METHODS

2.1. Reagents

Unless stated otherwise, all chemicals and silica gel 60 were purchased from Fluka
(Buchs, Switzerland) or Merck (Darmstadt, Germany) and were used without further
purification. The SRIF analogues (e-Boc)lys5-octreotide, (e-Boc)lys5-TOR and octreotide
were obtained from Sandoz or Mallinckrodt. [O-(7-azabenzotriazol-l-yl)]-l, 1,3,3-
tetramethyluronium HATU was obtained from Hoffmann-LaRoche. Sephadex G50 was
supplied by Pharmacia (Uppsala, Sweden). [111In]-DTPA-(D)phe1-octreotide (Octreoscan®)
was purchased from Mallinckrodt Medical, Inc. (Petten, the Netherlands). 99mTc was eluted
from a commercial 99Mo/99mTc generator, Tecegen S (CIS, Saclay, France). Mice were
obtained from the Institut fur Labortierkunde (Zurich, Switzerland).

2.2. Instrumentation

HPLC was performed on a Hewlett Packard 1050 system with a variable wavelength
UV monitor and a Raytest RSM 100 radioactivity monitoring analyser coupled to a computer
using software HPLC Chemstation A 02.05 by Hewlett Packard. The ES/MS was performed
on a TSQ/SSQ 7000 Atmospheric Ionization System from Finnigan MAT (CA, USA).
Gamma counting was carried out on a Cobra Model 5003 from Packard Instrument Company
(Meriden, CT, USA) with a Nal(Tl) detector.

2.3. Synthesis

2.3.1. HYNIC-TOC

6-BOC-hydrazinopyridine-3-carboxylic acid was synthesized according to Abrams,
et al. [1]. A mixture of 3.9 mg (15.4 umol) 6-[2-(tert-butoxycarbonyl)-hydrazinopyridine-3-
carboxylic acid, 2.6 ul (15.4 umol) diisopropylethylamin and 5.86 mg (15.4 umol) HATU in
1 rtiL DMA was incubated for 15 min and added afterwards to a solution of 15 mg [12.8 \x
mol) (e-(tert-butoxycarbonyl)]lys5-TOC and 2.6 ul (15.4 umol) diisopropylethylamin in 500 JJ.
L water/DMF (1/1). After 7 h, 1 mL of a 5% aqueous NaHCCb solution and 1 mL of ethyl
acetate were added. The NaHCCb solution was extracted three times with 1 mL ethyl acetate.
The combined organic phases were washed four times with water and evaporated to dryness.
The white solid was dissolved and incubated in 1 mL of 92% trifluoroacetic acid, 6%
thioanisole and 2% water and precipitated with 5 mL of diisopropyl ether/petrolether (1/1)
after eight min at room temperature. The peptide was centrifuged off and was dissolved
another three times with the diisopropylether/petrolether solution and centrifuged. The peptide
was dissolved in water and purified by HPLC with system A (VYDAC 218TP510 Ci8,
250 x 10 mm; Solvent A: 0.1%TFA in water; Solvent B : AcCN; flow rate: 0.5 mL/min;
gradient: 0 min 100% A, 0-30 min 50% A, 50% B; 30-35 min 100% B; 1 = 254 nm and 280
nm). After lyophilization 6.2mg (41%) of a white powder was obtained. The product was
more than 95% HPLC pure and showed the expected peak of HYNIC-TOC in the ES-MS
[586 (MH++; 100%); 1170.5 (MET; 8%)].

116



The synthesis of 6-hydrazinopyridine-3-carboxylic amid-(D)phe!-octreotide (HYNIC-
Oct) was performed according to the procedure for the synthesis of HYNIC-TOC. It was
obtained 3,0 mg (20%) of a white powder. The product was more than 95% HPLC pure and
showed the expected peak in the ES-MS [578 (MH^; 100%); 1154.7 (MH+; 8%)].

2.4. Peptide radiolabelling

One or two step labelling procedures were studied for the 99mTc labelling of HYNIC-
TOC and HYNIC-OCT using tricine or etylendiamine-N,N'-diacetic acid (EDDA). Briefly
99mTc-tricine was prepared by the addition of 75 \xL aqueous SnCl2 (2mg/mL) solution to a
fresh generator eluate from a generator which was eluted 6 h before 3 GBq 99mTc04 in 1 mL
0.9% NaCl filled up to 3 mL with acetate buffer (pH5.2; 0.5 M) were added to 108 mg (6
mmol) tricine. The mixture was kept at room temperature for 5 minutes after which the
radiochemical purity of the 99mTc-tricine complex was >97% as determined by paper
chromatography (Whatman Nr. 3) using acetone and 0.9% NaCl as mobile phase solvents.
One to ten uL of a 10~3 M (1 nmol-10 nmol) peptide solution were incubated for 1 h at room
temperature with 250 jul (250MBq) of 99mTc(tricine)2.

We used one step labelling method for the labelling of HYNIC-OCT and HYNIC-TOC
with EDDA as co-ligand. To a solution of 250 MBq of 99mTc04" in 0.5 mL physiological
NaCl, 0.5 mL of a 56.7 mM solution of EDDA (pH7.2) and 1-10 uL of a 10~3 M (1 nmol-10
nmol) peptide solution were added. The 1 h labelling procedure was started with the addition
of 10 uL of a freshly prepared SnCl2 solution (10 mg SnCl2x2H2O in 10 mL 0,1 M HC1). For
both labelling procedures, the radiochemical purity was 98% as shown by HPLC (System B:
Nucleosil 120-3 C18, 250 x 4 mm; Solvent A: 0.1% TFA in water; Solvent B : AcCN; flow
rate: 0.5 mL/min; gradient: 0-5 min 100% A, 0% B; 5-15 min 20% A, 80% B; 15-25 min
20% A, 80% B; radioactive detection). ITLC with pyridine/acetic acid/water (5/3/1.5) as
mobile phase was used to determine colloidal TcO2. Stability studies in physiological NaCl
solution were performed up to 24 h.

2.5. Receptor binding studies and data analysis

Radioligand binding studies were performed according to a published procedure [10].
Briefly, rat cortex membranes were diluted to 50 y,g protein/tube with binding buffer (50 mM
Tris HC1 pH7.5; 2 mM MgCl2; 0.5% BSA; 5 uL/5 mL aprotinin). Binding assay consisted of
50 uX with 100 000 cpm radioligand and 50 pL buffer or increasing concentration of
octreotide and 200 uL membrane suspension. The membranes were incubated for 60 minutes
at room temperature with 99mTc labelled SRIF analogues per tube. Incubation was stopped by
rapid filtration over glass fibre filters (Whatman GF/C, pre-soaked in 1% BSA) and
subsequently washed with 4 mL of 154 mM NaCl/10 mM tris buffer (pH7.5, 4°C). Specific
radioligand binding was defined as total binding minus non-specific binding. Triplicates were
performed for each data point, averaged and the data were analysed by competition curve
analysis.

2.6. Human serum incubation studies

25 )j.Ci of the 99mTc labelled octreotide analogues in 100 mL physiological NaCl
solutions were added to 5 mL human serum previously equilibrated in a 5% CO2 (95% air)
environment at 37°C. The solution was incubated in this environment and samples were
removed and analysed at selected time intervals up to 24 h. The separation of labelled proteins
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from low weight 99mTc compounds was performed by Sephadex G-50 gel filtration (1x19
cm) with PBS buffer as an elution medium and a flow rate of lmL/min collecting lmL
fractions which were analysed with an automatic NaI(Tl) gamma counter. The amount of
radioactivity recovered from the column was >95% of that expected. To precipitate the
proteins 200 uL ethanol was added to 100 uL serum incubate and the solution was
centrifuged for 15 minutes at 3300 g. The low molecular weight fractions found in the
centrifugate of the precipitation were studied by HPLC for metabolites.

2.7. Animal studies

Animal studies were performed according to Swiss legislation and approved by a local
animal ethical committee. Six week old female ICR nu/nu mice (about 25 g) were injected
subcutaneously in the scapular region with 200 uL of cell suspension with 10 cells of the rat
pancreatic tumour cell line AR4-2J. After three weeks the tumours were about 300 mg. The
mice were co-injected intravenously with 12 uCi of the 99mTc labelled peptide and 5 (iCi of
[luIn]-DTPA-D-Phe1-octreotide (Octreoscan). SRIF receptors of the tumour were blocked in
a 4 h group of mice by i.p. of 50 mg cold octreotide 30 min before injection of the
radiolabelled peptides. The mice were killed 4 and 24 h after injection of radiolabelled
peptides by intraperitorial injection of 250 mg/kg pentobarbital. Samples of blood, urine and
organs were removed and weighed; radioactivity was measured on an automatic Nal(Tl)
gamma counter. The percentage injected dose per gram (%ID/g) for each organ and tissue was
calculated. An unpaired t-test for the comparisons between the different conjugates and a
paired t-test for comparisons between the different time points was performed on StatView
4.1 to determine significance of biodistribution of 99mTc/EDDA/HYNIC-OCT,
99mTc/tricine/HYNIC-OCT, 99mTc/edda/HYMC-TOC, 99mTc/tricine/HYNIC-TOC and n i In
Octreoscan. The chemical form of the labelled peptide in urine was studied by HPLC.

2.8. Kit formulation

A kit formulation was developed for the labelling of HYNIC-TOC with 99mTc(tricine)2.
A 1 mL solution containing 15 mg (84 umol) tricine and 17.5 mg (15 nmol) HYNIC-TOC
and 50 u.g SnCl2 (10 uL of a 22.2mM SnCl2xH2O) was sterility filtrated through a 20 urn
filter Millex-GS (Millipore, Molsheim, Frankreich) in a sterile glass vial. The solution was
immediately frozen with liquid nitrogen afterwards. The frozen solution was lyophilized and
was closed later under vacuum.

Labelling was performed by incubating up to 1.85 GBq (50 mCi) mTcO4~ in 1 mL
physiological NaCl solution at room temperature for 60 min. Quality control was done by
HPLC and TLC (silica gel 60 with pyridine/acetic acid/water 5/3/1.5 as eluent).

3. RESULTS

3.1. Synthesis

The peptide-HYNIC synthesis was performed in solution by coupling 6-Boc-
hydrazinopyridine-3-carboxylic acid (Boc-HYNIC) to e-Lys5(Boc)-octreotide or e-Lys5(Boc),
TOC with the coupling reagent HATU [28] and diisopropyethylamine as a base. The
intermediate BOC protected HYNIC peptide was not isolated but deprotected using a mixture
of TFA/thioanisole/water (92/6/2) as deprotecting mixture. HYNIC-OCT and HYNIC-TOC
were synthesized in overall yields of 20% or 41%, respectively, and a purity of >95% based
on HPLC. The exact mass was determined by electronspray mass spectroscopy.
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3.2. Peptide radiolabelling and quality control

Both HYNIC peptide derivatives could be labelled using tricine or ethylenediamine-
N,N'-diacetic acid (EDDA) as co-ligand with high radiochemical purity (>98%) at a specific
activity of 2.4Ci/umol for EDDA as co-ligand and 6.5Ci/umol for tricine for both conjugates
at room temperature; the kit labelling at 100°C allowed labelling at 16 Ci/umol (Table I). The
radiochemical purity was checked by HPLC for TcCV and by TLC for TcC>2. Analysis of the
99mTc labelled peptide analogues using system A demonstrated radioactivity peaks for
99mTc/EDDA/HYNIC-OCT,99mTc/tricine/HYNIC-OCT, 99mTc/EDDA/HYNIC-TOC, 99mTc/
tricine/HYNIC-TOC with retention times of 15.4, 16.7, 14.9 and 15.5 min, respectively. The
99mTc/tricine/HYNIC-TOC showed with HPLC up to 5 broad peaks as the 99mTc/EDDA/
HYNIC-TOC showed only one peak (data not shown). This indicates the existence of several
isomers with tricine as co-ligand compared to EDDA. These isomers were observed by Liu, et
al. also with their RGD peptides [24].

3.3. Binding studies

Binding affinities of the unlabelled HYMC-OCT and HYNIC-TOC were determined by
1 ^ ^

measuring the competition against I-TOC on rat brain cortex membranes. The binding
curves of HYNIC-OCT and HYNIC-TOC against 125I-TOC were characteristic of the specific
binding of a peptide to a single class of binding sites. HYNIC-OCT and HYNIC-TOC has a
IC50 value of 1.07 ± 0.33 nM and 0.36 + 0.08 nM (Table I). Binding studies show that the
binding affinity of TOC is three times better than that of the octreotide analogue.

TABLE I. IN VITRO DATA OF THE SOMATOSTATIN ANALOGUES

Co-ligand
Specific activity
(Ci/|amol)
Receptor affinity
IC50(nM)
Activity transfer to
proteins after 6 h

HYNIC-
octreotide

1,07 ± 0,33

Tricine
6.4

2,17 ±0,49

48%

EDDA
2.4

1,71 ± 0,27

12%

HYNIC-
TOC

0,36 ±0,08

tricine
6.5

0.68 ±,13

50%

EDDA
2.5

0,40 ±0,14

10%

The IC50 values for 99mTc/tricine/HYNIC-OCT, 99mTc/EDDA/HYNIC-OCT,
99mTc/tricine/HYNIC-TOC and 99mTc/EDDA/HYNIC-TOC were evaluated by competition
with octreotide. Fig. 1 shows competition experiments for the 99mTc labelled compounds. The
IC50 values were 2.17 ± 0.49 nM, 1.71 ± 0.27 nM, 0.68 ± 0.13 nM and 0.40 ± 0.14 nM. No
significant difference in the binding affinity of the two co-ligands can be seen. But there is a
significant higher binding affinity for 99mTc-HYNIC-OCT compared to 99mTc-HYNIC-TOC.
A high unspecific protein binding was found if tricine was used as co-ligand. More than 70%
of 12% total binding of total radioactivity was found to be unspecific if 99mTc/tricine/HYNIC-
OCT or HYNIC-TOC were used (Fig. 2). Whereas the unspecific binding shown in the
experiments with 99mTc(EDDA) was 62% of 14% total binding of total radioactivity. The
unspecific binding of 99mTc/tricine/HYNIC-OCT be lowered to 40% by adding 10 mM tricine
to the binding medium (Fig. 2). The reason for this high unspecific uptake is a relatively high
transfer of the activity to proteins.
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FIG. 1. Competition experiment on sstr2 positive rat cortex membranes with HYNIC-Oct,
HYNIC-TOC and octreotide.
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FIG. 2. Competition experiment of mTc/tricine/HYNIC-TOC on rat cortex membrane with
the normal incubation media and with the incubation media/10 mMtricine.
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FIG. 3. Activity transfer to proteins of different 9mTc-HYNIC derivatives.

120



> !

FIG. 4. Uptake of the labelled octreotide derivatives in different organs in tumour bearing mice (A tumour; B specific uptake in the tumour; C
kidney uptake; D liver uptake).



3.4. Human serum incubation studies

99mnResults of the human serum incubation studies with the four Tc labelled somatostatin
analogues are shown in Table I/Fig. 3. There is a significant difference between the 99mTc
labelled HYNIC-OCT and HYNIC-TOC with the same co-ligand. Both labelled peptides
show a 99mTc transfer to the proteins of 48% with tricine as co-ligand and only about 10%
with EDDA within 6 h. The choice of the co-ligand has a strong influence on the in vitro
stability of the 99mTc labelled peptide. The HPLC chromatograms of the low molecular weight
fraction of the precipitation show that there is no degradation of the peptide (data not shown).

3.5. Biodistribution

The results of biodistribution of the four 99mTc labelled somatostatin derivatives and
OctreoScan-111 in tumour bearing nude mice at 4 h and 24 h post administration as well as
the experiment with octreotide pre-injected animals at 4 h p.i. are presented in Table II and
Fig. 4 as the percentage of the injected dose per gram.

99mnTABLE II. BIODISTRIBUTION DATA OF THE FOUR yymTc LABELLED
SOMATOSTATIN DERIVATIVES AND OCTREOSCAN-niIn A TUMOUR BEARING
NUDE MICE MODEL (4 H AND 24 H P.I.)

Octreotide
analogue
co-ligand
time (p,i,)
blood

liver

pancreas

spleen

adrenals

kidney

muscle

tumour

tumour
blocked

tumour/bl
tumour/liv
tumour/m

HYMC-TOC

tricine
4h
1,02 ±
0,03

2,57 ±
0,16

0,75 ±
0,07

0,65 ±
0,01

0,92 ±
0,09

11,50 ±
1,06

0,47 ±
0,05

2,52 ±
0,14

0,88 ±
0,01

2,48
0,98
5,31

24 h
0,34
0,02

1,11
0,07

0,46
0,03

0,32
0,05

0,61
0,09

4,74
0,43

0,20
0,01

1,46
0,11

4,25
1,32
7,38

±

±

±

±

±

±

±

±

HYNIC-TOC

EDDA
4h
0,54 ±
0,11

0,61 ± 0,9

0,46 ±
0,13

0,38 ±
0,10

1,33 ±
0,21

9,09 ±
1,31

0,20 ±
0,07

2,23 ±
0,73

0,27 ±
0,06

4,13
3,54
11,15

24 h
0,36 ±
0,02

0,39 ±
0,02

0,18 ±
0,01

0,16 ±
0,05

0,27±
0,04

2,33 ±
0,24

0,18 ±
0,04

0,85 ±
0,11

2,36
2,18
4,72

HYNIC-TOC

tricine
4h
0,73 ±
0,07

1,33 ±
0,10

1,68 ±
0,49

0,55 ±
0,11

1,93 ±
1,15

10,98
±1,38

0,43 ±
0,06

3,53 ±
0,13

1,07 ±
0,03

4,81
2,66
8,18

24 h
0,25 ±
0,04

0,58 ±
0,15

0,61 ±
0,19

0,37 ±
0,08

0,71 ±
0,05

0,25 ±
0,08

0,20 ±
0,08

0,96 ±
0,19

3,83
1,66
4,86

HYNIC-TOC

EDDA
4h
0,78 ±
0,13

1,04 ±
0,08

1,55 ±
0,19

0,36 ±
0,03

2,07 ±
0,33

9,26 ±
1,11

0,37 ±
0,04

2,74 ±
0,26

0,46 ±
0,22

3,54
2,65
7,32

24 h
0,24 ±
0,00

0,29 ±
0,03

0,47 ±
0,03

0,10±
0,02

0,48 ±
0,21

1,89 ±
0,39

0,14 ±
0,01

0,95 ±
0,19

3,89
3,28
6,59

-
4 h
0,40 ±
0,16

0,76 ±
0,22

0,78 ±
0,06

0,36 ±
0,09

1,81 ±
0,13

22,75
± 1,81

0,11 ±
0,02

3,03 ±
0,25

0,37 ±
0,07

7,5
3,98
27,99

Octreoscan-
111

24 h
0,02 ±
0,003

0,17 ±0,04

0,15 ±0,02

0,08 ±0,01

0,66 ±0,13

4,28 ± 0,33

0,03 ± 0,01

0,87 ± 0,06

43,45
5,19
26,21
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The tumour uptake for all labelled somatostatin derivatives is reasonably high and
specific (p < 0.01). The unspecific uptake for the 99mTc labelled compounds after 4 h with
tricine as co-ligand is 30%-35%, with EDDA 12%-17% and for the m I n labelled OctreoScan
12%. The 99mTc labelled HYNIC-TOC shows with both co-ligands a higher absolute tumour
uptake 4h p.i. (EDDA: 2.74 ± 0.26% i.D./g; tricine: 3.53 ± 0.13% i.D./g) than the
corresponding labelled HYNIC-OCT conjugate (EDDA: 2.23 ± 0,73% i.D./g; tricine: 2.52%
±0,14i.D./g).

The main differences between the 99mTc and the l u In labelled compounds can be seen
in the kidney retention. It is in the same range (9.1%i.D./g-l 1.5%i.D./g) for all 99mTc labelled
compounds after 4 h but is statistically significantly lower than Octreoscan-111 (22.8%i.D./g;
p<0.05 ). The uptake is reduced to the same level after 24h for Octreoscan-111 and the two
HYNIC peptides derivatives labelled with 99mTc(tricine)2 but the corresponding HYNIC
peptides labelled with 99mTc(EDDA) show a significantly lower retention (8.7%i.D./g;
PO.03).

The liver accumulation for the 99mTc labelled HYNIC-OCT analogues with tricine as
co-ligand is significantly higher (P < 0.09) after 4 h and 24 h p.i. than the corresponding
analogues labelled with EDDA as co-ligand. We observed also that the 99mTc labelled
HYNIC-OCT analogue shows a significantly lower accumulation than the corresponding
labelled HYNIC-TOC.

All these observations correspond to the results in the in vitro experiments. The
labelling of HYNIC with 99mTc(tricine)2 shows a higher activity transfer to proteins than
labelled with 99mTc(EDDA) leading to a higher absolute but lower specific tumour uptake, a
higher kidney retention and a higher accumulation in the liver as well as a slower blood
clearance of 99mTc(tricine)2 labelled compounds. The higher hydrophilicity and binding
affinities of the TOC conjugates leads to a higher tumour uptake, a lower kidney and liver
retention and faster blood clearance.

3. DISCUSSION

The aim of the study was the development of a clinically useful SRIF analogue chelator
conjugate, which can be labelled with 99mTc and fulfils the criteria of stability, high binding
affinity, a good target to non target ratio and favourable pharmacokinetics. We chose
octreotide as the pharmacophoric peptide and HYNIC as the 99mTc binding unit. As a
modification we replaced phenylalanine in three-position of octreotide by tyrosine, mainly
because this modification leads to higher SRIF receptor binding affinity and higher
hydrophilicity, i.e. more favourable pharmacokinetics. The two new conjugates were
compared to each other and to the gold standard of SRIF receptor imaging n iIn DTPA-
octreotide (OctreoScan-111) which was co-injected in the animal biodistribution experiments
with 99mTc labelled peptides. In addition, the two new conjugates were tested for binding
affinity and serum stability. The synthesis of HYNIC-OCT and HYNIC-TOC was
accomplished using solution phase coupling of Boc-HYNIC to the a-aminogroup of D-Phe1 of
e-(Boc)Lys5-octreotide and e-(Boc)Lys5-TOC, respectively, with the powerful coupling
reagent HATU. The synthesis resulted in our compounds with reasonable yields although
only small amounts of starting material were used. The synthesis of HYNIC-OCT was
described before [29]. Krois, et al. described an elegant [3+4] and [7+2] segment
condensation as they did not succeed using a similar approach than the one described here.
They noticed that the use of the N-hydroxysuccinimide ester gave only very small coupling
yields indicating that the right choice of coupling reagent is of major importance. In addition
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their conjugate lost binding affinity to the SRIF receptor (Virgolini abstract SNM 1996 or
1997).

Important conclusions can be drawn from the radiochemical, pharmacological and
biodistribution studies: (1) the binding affinity of HYNIC-derivatized octreotide (HYNIC-
OCT) and TOC is conserved and found to be in the nM range: Moreover, the TOC derivative
is not only more hydrophilic but also shows higher SRIF receptor binding affinity by a factor
of three, which is most likely due to the hydrogen bond forming potential of the hydroxyl
group; (2) labelling of the two conjugates works equally well and shows a radiochemical yield
of >97% at a specific activity of 6.4 Ci per umole and 2.4 Ci per umole peptide conjugate
with tricine and EDDA as co-ligands, respectively. If the labelling is done by 10 min heating
at 100°C a specific activity of 18 Ci per umole can be achieved with the kit formulated
HYNIC-TOC; (3) the stability of the 99mTc-HYNIC-OCT and HYNIC-TOC is high in
labelling solution with essentially no change within 12 h post labelling; (4) striking
differences with regard to the stability in human serum was found if the two co-ligands were
compared. With EDDA as co-ligand, the 99mTc complex showed much higher stability
compared to tricine, i.e. lower transfer of the radionuclide to serum proteins indicating higher
kinetic and thermodynamic stability of 99mTc-EDDA-HYNIC complex. This interpretation is
corroborated by the fact that the performed 99mTC-tricine-HYNIC complex converts to 99mTc-
EDDA-HYNIC within 1 h even if only 0.3 equivalent EDDA compared to tricine is present in
the labelling solution (data not shown).

HYNIC ligand, as a technetium complexation binding unit, was first used for infection
imaging [26]. But, also, smaller molecules like chemotactic peptides were labelled with 99mTc
[25, 26, 30, 31], DNA fragments [27] or cyclic peptides as a thrombus imaging agent [24, 25]
with the help of HYNIC. Hnatowich, et al. [27] also observed with 99mTc labelled HYNIC
oligonucleotides with glucoheptonate as a co-ligand high protein affinity. It could be shown
with magnetic beads that weak co-ligand binding is responsible for the high protein affinity.
Babich and Fischman [25] showed that different co-ligands for the 99mTc labelling of
chemotactic peptides lead to total different clearance routes (hepatobiliary and renal)
assuming it corresponds mainly to its radioactivity transfer to proteins. EDDA as co-ligand
has a higher serum stability than tricine in our studies. One reason could be a lower exchange
rate of the co-ligand for suitable structure of proteins. Liu, et al. [32] determined about more
than ten converting isomers of a 99mTc labelled HYNIC-nb/HIa receptor antagonist as there
are only three non-converting isomers with EDDA. Maybe the fast exchange rate between the
isomers of the 99mTc(tricine)2-HYNIC compound leads to a lower stability against the
exchange of the co-ligand for other structures. The higher stability of the 99mTc(EDDA)
labelled compounds compared with 99mTc(tricine)2 leads to a superior biodistribution with a
faster blood clearance, a lower accumulation in most tissues and better tumour to background
ratios.

The biodistribution study of 99mTc/EDDA/HYNIC-TOC show comparable results to
u lIn OctreoScan. The first study with a 99mTc labelled compound was done by Maina, et al.
[20]. The chelator for the 99mTc was PnAO. Biodistribution studies were done in tumour
bearing rats without comparison to i n In OctreoScan. The labelled compound shows a high
liver uptake due the lipophilicity of the 99mTc-PnAO complex. Thakur, et al. tried a direct
labelling of Octreotide and Vapreotide with 99mTc via the reduced thiols of the disulfide
bridge. They observed a low tumour uptake with a high liver and kidney accumulation
resulting in tumour to liver or kidney ratio lower than 0.25.
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4. CONCLUSION

The 6-hydrazino-nicotinic acid-octreotide and the Ty3-analogue are peptides with high
binding capacity for 99mTc. The resulting radiopeptides retain high receptor binding affinity
but with a clear advantage for the Tyr3-analogue. This advantage is also seen in the higher
tumour uptake of this analogue. Despite the fact that EDDA as a co-ligand is superior to
tricine we decided to develop a kit formulation with the latter because tricine is a
pharmaceutical with low toxicity whereas EDDA has to be studied for toxicity first. The kit is
being used successfully in the clinic at the university hospital in Bonn and performs
favourably in comparison to OctreoScan.
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