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Abstract

BACKGROUND: Using a polymer-analogue reaction, redox
polymers with a dextran matrix to anchor the end «(8)-alanine-
-N, N'-diacetate group converted into the Sn2* cycle have been
developed for the labelling of proteins, peptides, and labile com-
pounds with **mTc. The reaction kinetics and the labelling effi-
ciency of ®mTc depend primarily on the degree of dextran ma-
trix cross-linking and the qualitative nature of the redox poly-
mer end groups.

METHODS: Preparation for labelling takes place directly in ba-
sic protein and peptide solutions without adjusting pH or add-
ing other adjuvants. Prior to the final modification into kit form,
the redox polymers are removed by ultrafiltration.

RESULTS: The results of labelling of model compounds (as-
partic acid, cysteine) with ™Tc at various solution pH values
clearly show that, at pH values over 6.0, it will be primarily the
free end SH groups that will serve as binding sites for the pro-
teins and peptides. To label proteins and peptides, we selected
a redox polymer with G-25 cross-linking, which allows the
achievement of a radiochemical purity over 95% and high sta-
bility of the labelled compounds.
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CONCLUSION: The method of radiolabelling compounds with
%mTc based on redox polymers was developed mainly to over-
come the problems faced when using other conventional meth-
ods in the labelling of sensitive compounds.
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Introduction

In lower oxidation states, technetium possesses a strong tenden-
cy to form complexes, in this way the oxidation state stabilises
(1,2). Comparing the electronegativity of some elements ( O 3.5,
N 3.0, S 2.5) to that of Tc, which is as low as 1.35, it is evident that,
in organic molecules, Tc will seek sites with the greatest electron
density in the first place. When labelling the compounds with %™ Tc,
it is necessary to take into account — in addition to steric factors
— donor characteristics of group, the resonance effect, group
basicity, etc. and, also, the redox potential. Oxidation-reduction
polymers, or ,redox polymers” (3) are cross-linked insoluble com-
pounds with a high molecular weight that can transfer or ,ex-
change” electrons with reactive ions or molecules. The advantag-
es of using redox polymers as reducing agents for technetium in
labelling procedures outweigh those of stannous chloride. The
use of stannous chloride as a reducing agent is limited to a low
range pH (1-2.6), when the pH of the solution is raised. While
stannous chloride tends to hydrolyse (4), redox polymers can be
used over a wide range of pH values. This is an advantage over
conventional methods because many organic ligands are found to
decompose readily at low pH values, making it impossible to label
them using a tin cation as a reducing agent for pertechnetate.

The basic requirements for the use of redox polymers in label-
ling procedures with ®mTc are as follows: suitable potential, chem-
ical stability (resistance against changes in pH and temperature),
sufficient reaction rate and redox capacity.

Our method is clearly designed to label labile structures. It is
the question of compounds, not only of proteins and peptides but
also of structurally proper types of hormones, enzymes, vitamins,
etc. The characteristic arrangement of protein and peptide mole-
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cules conformation predetermines the especial significance of ster-
ic factors for the stability of arising complexes and so it introduces
the possibility of certain specificity in the bond (5).

According to our conceptions (6) the binding centre in these
molecules largely forms (for pH values of up to 6) the end SH
groups. In molecules with a double bond on S, the position of the
group, which is capable of yielding the H ion due to the reso-
nance effect is probably also of importance. Introducing SH groups
markedly increases the stability of complexes. The end SH groups
in these molecules can be generated of double bond S, i.e. with
UV irradiation (7-9).

Materials and methods

Synthesis of redox polymers with IDA functional
groups

Chemicals

L-Cysteine hydrochloride anhydrous (CYS), Fluka, MicroSelect
L-Aspartic acid (ASP), Merck

Sephadex (G-10 — G-200) fine, Pharmacia, Uppsala, Sweden (a)
99.8 % ethanol (b)

10M solution of NaOH (c)

Disodium salt of iminodiacetic acid (IDA), Koch Light (d)
2,3-dibrompropionic acid, Koch Light (e)

Acetone redistilled (f)

Concentrated acetic acid

Water for injection

All chemicals utilised in the experiment were of analytical grade.

Procedure

The synthesis of redox polymers with IDA functional groups from
the dextran matrix involves two main steps, the attachment of the
functional groups to the polymer matrices and the binding of the
Sn2+ cation to the functional group.

Step 1. The dextran matrix (a) is added to a basic medium (c, b)
with iminodiacetic disodium monohydrate (d) and left to mix, there-
by forming a homogeneous reaction environment. With respect
to the chemical reactivity of the substrate and the reactants, it was
necessary to perform the attachment of the function groups to the
dextran under conditions whereby degradation and destruction
of the particles were prevented. To this effect, the following meth-
od was used: the flask containing the compound was rotated us-
ing an electromagnetic motor, which held the cooling system in
place. A bifunctional agent (e) in a suitable organic solvent (f) was
then added to the reactants. This system of reactants was left to
react under continuous mixing in an oil bath at a temperature of
78°C. The product was then rinsed with a solution of 125 parts of
ethanol, 125 parts of water and one part of 1M HCI (approximate-
ly one litre). The suspension in distilled water was then poured
into a column where it was rinsed with distilled water three to four
times. Finally, it should be rinsed three times with about 20 ml of
concentrated ethanol and dried under nitrogen gas.

Step 2. 8.86 mM solution of dihydrate tin chloride in Clark-

Lubbs buffer pH 2 under nitrogen gas was then diluted 1:1 with the
above buffer solution. The resulting solution was then poured over
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2g of polysaccharide microspheres in the column and then left to
drip in a nitrogen gas atmosphere. This was followed by rinsing
with injection water, buffer, distilled water and, finally, ethanol. The
redox polymers were left to drip in an atmosphere of nitrogen gas.

Labelling of compounds with °"Tc

The redox polymer was mixed with the solution of the ligand at
room temperature for 8-12 hours. The reaction was then termi-
nated by filtering through a Millipore filter (0.22um) into a sterile
vials and the eluate *"TcO,” of the desired activity was added.
The mixture was incubated in boiling water (in case of aspartic
acid labelling) or at room temperature (labelling of cysteine or other
proteins) for 10-15 minutes.

Methods of analytical control

Radiochemical purity

The labelling efficiency was evaluated by means of paper chro-
matography (Whatman 1 or Whatman 3 using saline as a solvent)
and column chromatography (column of 30 x 1 cm filled with
Sephadex G-50. Sample amounts of 50 ul were applied and elut-
ed by saline as a mobile phase).

Results

The basic philosophy of preparing kits using redox polymers is
based on our data obtained in experiments with *mTc labelling of
model compounds. Using redox polymers, we labelled cysteine
— as a typical representative — with end SH groups and aspartic
acid with a combination of two carboxylic acid groups and one
amino acid group. The results of radiochemical purity related to
pH are shown in Figure 1.

When preparing kits of proteins and peptides for *mTc label-
ling, we used redox polymers with a dextran skeleton with cross-
linked epichlorhydrine with IDA-type end groups. The surface area
of redox polymers was scanned by a direct reflection electron
microscope and pictures were taken using a Stereoscan S 600,
CSIL Cambridge. The contour-like surface shown in Figure 2 is
necessary for a high kinetic rate.
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Figure 1. Dependence of radiochemical purity of ®mTc-CYS and *mTc-
ASP on pH.
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Figure 2. Images of redox polymers (Mx5000).
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Figure 3. Dependence of radiochemical purity of ®mTc-CYS on cross-
linking of dextran matrix of redox polymers.
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Figure 4. Relationship between radiochemical purity of *mTc-CYS and
water regain value of redox polymer.
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Using a model system, we monitored the reaction kinetics of
9mTc-CYS formation dependent on the degree of cross-linking of the
dextran skeleton of redox polymer. The results are shown in Figure 3.

The relationship of radiochemical purity of *mTc-CYS on the
degree of redox polymer dextran skeleton cross-linking is shown
in Figure 4.

Discussion

It is evident from the course of the curves in Figure 1 that the
highest radiochemical purity of labelled aspartic acid (over 97%)
is in the range of pH 3.5-4.5 with a relatively steep fall at highest
pH values whereas, with labelled cysteine, the value is over a sub-
stantially broader range of pH 3.5-11 (not investigated over pH of
11). This is due to the high affinity of reduced technetium to the
end SH groups. The difference can be made use of when prepar-
ing Kits for protein or peptide labelling, especially those with a pH
in the range of 6.5-8 but, also, with higher pH, provided the pro-
teins or peptides are stable. With the above pH values, specific
labelling essentially occurs to the end SH groups, and the labelled
proteins and peptides show high stability.

The redox polymers with a dextran skeleton are insoluble poly-
electrolytes capable of reverse oxidation or reduction. They are micro-
sphere-shaped, measuring 20-80um in diameter and can be readily
removed from the reaction mixture by ultrafiltration. Their efficacy and
reaction kinetics depend primarily on two basic parameters:

a) diffusion rate at the phase interface, with the rate affected by
the degree of cross-linkage,
b) qualitative nature of end function groups.

Ad a) It is known that solid surfaces play an important role in
adsorption, contact catalysis, corrosion, and rate of chemical re-
action. The degree of cross-linking is expressed as ,water regain
value G”, whereby the degree of cross-linking declines as the val-
ues increases. It is clear from the kinetics of ®mTc-CYS formation
that redox polymers with the highest degree of cross-linking, i.e.
G-10 and G-15 do not achieve radiochemical purity greater than
95% as long as 20 minutes after labelling. All other redox poly-
mers meet this condition as early as 10 minutes after labelling.

Use of redox polymers with the highest degree of cross-link-
ing (G-10 and G-15) does not result in the required radiochemical
purity over 95% within a reasonable period of time. By contrast,
redox polymers with the lowest degree of cross-linking (G-150
and G-200) meet this requirement after 5 minutes of labelling. To
prepare kits of proteins and peptides for *mTc labelling, we chose
G-25 cross-linking. However, it should be noted that loss of pro-
tein and peptide solutions increases during incubation with a re-
dox polymer as the degree of cross-linking decreases. For in-
stance, with the lowest degree of cross-linking, G-200, these losses
may be as high as 30%,; they are due to increased tendency to
swelling of gel-like redox polymers. The loss of solution volume
can be eliminated by incubating the protein and peptide solutions
with a redox polymer in a micro-column, especially with costly
compounds; this will be the subject of future experiments.

Ad b) The stability and radiochemical purity of labelled com-
pounds is largely influenced by the chemical structure of the re-
dox polymer end function groups. Conversion of a redox polymer
is effected by entering the polymer into the Sn cycle, or that of
other metallic cations with an appropriate redox potential. Charged
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polymer derivatives with end «(8)-alanine-N, N’-diacetate groups
have been shown to be more effective than charge-free iminodi-
acetate derivatives. A schematic representation of the structure is
shown in Figure 5.

The redox polymers of this type are characterised by a num-
ber of physical and chemical constants. During synthesis, two
types of structures — in terms of position of the carboxyl group
(i.e., positions a or f) — form in the alanine linking chain. Unlike
commercial polymers (10,11) converted to the redox polymers,
this arrangement exerts a strongly positive effect both on the radi-
ochemical purity and stability of the labelled compounds.

/CH,— COOH
N
‘ "\ CH, — COOH
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Figure 5. Structure of the end functional groups of redox polymer.
a) dextran skeleton, b) a-alanine-N, N'-diacetic group,
c) p-alanine-N, N'-diacetic group.

Conclusions

Redox polymers of dextran matrices used in the labelling proce-
dure were synthesised by a polymer-analogous reaction and a tin
cation was attached to the functional group by a chelate bond
forming the most suitable reductant. The rate of formation of the
%mTc-complex and its radiochemical purity are highly dependent
on the quality of the end groups of the redox polymer, on the num-
ber of pores on the surface and the swelling of the microspheres.
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The method of radiolabelling compounds with *mTc based on
redox polymers was developed mainly to overcome the problems
faced when using other conventional methods in the labelling of
sensitive compounds.

Acknowledgements

This study was supported by grant No. 4387-3, awarded by the
Internal Grant Agency of the Ministry of Health, Czech Repubilic.

References

1. Bormans G, Malfait M, Cleynhens B, Crombez D, Roo M, deVerbruggen
A. Direct labelling of mercaptotriamides and dimercaptotriamides with
technetium-99m at room temperature. J Labell Compds Radiopharm
1991, 30: 24-29.

2. Rao TN, Brixner DI, Srinivasas A, et al. Synthesis and characterization
of diamine dithiol complexes of technetium(V) and rhenium(V). As-
signment of the stereochemistry of the chelate epimers by NMR spec-
troscopy. Appl Radiat Isot 1991; 42: 525-530.

3. Cassidy HG, Kun KA. Oxidation — reduction polymers (redox poly-
mers), Interscience Publishers, John Wiley & Sons, New York, 1985.

4. Srivastava SC, Meinken G, Smith TD, Richards P. Problems associat-
ed with stannous *mTc-radiopharmaceuticals. Int J Appl Radiat Isot
1977; 28: 83-95.

5. van Stokkum IH, Linsdell H, Hadden JM, Haris PI, Chappman D, Bloe-
mendal M. Temperature — induced changes in protein structures stud-
ied by Fourier transform infrared spectroscopy and global analysis.
Biochemistry 1995; 34: 10508-10518.

6. Kleisner I, Vrana V, Vacek J. Application of redox polymers in prepar-
ing *mTc-labelled compounds. | Congress of Czechoslovak Society
of Nuclear Medicine and Radiation Hygiene. Abstracts of paper and
poster 1981, p. 62.

7. Sykes TR, Woo TK, Baum RP, et al. Direct labelling of monoclonal
antibodies with technetium-99m by photoactivation. J Nucl Med 1995;
36: 1913-1922.

8. Stalteri MA, Mather SJ. Technetium-99m labelling of the anti-tumour anti-
body PR1A3 by photoactivation. Eur J Nucl Med 1996; 23: 178-187.

9. Kleisner |, Komarek P Konopkova M, Komarkova et al. Use of photo-
activation in the preparation of radiopharmaceuticals Il. Dialysate of
human leucocytes labelled with technetium(®mTc). Ces a Slov Farm
1997, 46:169-173.

10. Horiuchi K, Yokoyama A, Tanaka M, et al. Analysis of ®mTc-pyridoxy-
liden-glutamate complex formation and its preparation with tin-ab-
sorbed resin: Sn-resin kit method. Eur J Nucl Med 1981; 6: 567-572.

11. Horiuchi K, Yokoyama A, Fujibayashi Y, et al. Tin-absorbed resin for
the preparation of ®mTc radiopharmaceuticals: Stable complex of *mTc-
bleomycin. Int J Appl Radiat Isot 1981; 32: 47-52.

Nuclear Medicine Review Vol. 3, No. 1, 2000



