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ABSTRACT

A simple new technique where stannous tin is adsorbed on the inner surface of plastic

tubing and used to reduce [WmTc] pertechnetate prior to labelling radiopharmaceuticals,

has been evaluated, using some lipophillic and metal containing ligands. Complexes

formed using the technique had good labelling efficiencies and behaved the same in rat

biodistribution studies as those prepared using conventional labelling methods.
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INTRODUCTION

The most widely used radionuclide for production of diagnostic imaging

radiopharmaceuticals in nuclear medicine is Technetium-99m, normally supplied in

solution as sodium [99mTc] pertechnetate. It is popular as it has excellent properties for

medical imaging and can exist in multiple oxidation states allowing it to form a wide

range of coordination complexes with both inorganic and organic ligands (Pinkerton et

a/.,l985).

The preparation of 99mTc labelled radiopharmaceuticals using sodium pertechnetate

usually requires that the pertechnetate be reduced, prior to its complexation, with the

ligand of choice. A stannous salt, usually the chloride, is the reducing agent of choice

since it is water soluble, effective at room temperature, relatively stable and non-toxic at

the concenLations required.

Stannous ions in solution, however, have a number of disadvantages, in that they can

cause precipitation or colloid formation with organic ligands especially tho^e that are

highly lipophillic (Pojer and Baldas, 1981; van Wyk et ai., 1986) or those that contain

other metals such as platinum (Awaluddin et al., 1987). The quantity of stannous ions

may also influence the biodistribution of radiopharmaceuticals as in the case of bone

agents (Srivastava et al., 1982). These complications have led to a variety of methods of

immobilising the stannous ions on various supports to overcome some of its deficiencies

P e Schrijver, 1978; Camin et al., 1979; Horiuchi et al., 1981).

Recently, Salehi et cz/.,(l987), found that many common radiopharmaceuticals could be

labelled with 99mTc by passing a solution containing a mixture of the ligand and sodium

["""Tc1 ^er^chnetate through an infusion catheter with stannous ions immobilised on the

inside. In this study we have evaluated the technique using two vpes of plastic tube for

labelling a platinum iminodiacetic acid complex which normally^recipitates out of
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solution with even small amounts of added stannous ions, a series of lipophillic

hydroxybenzylglycine (HBG) derivatives and hexamethyl propylene amine oxime a

highly lipophillic compound proposed for brain imaging studies (Volkert, et al., 1984).

MATERIALS AND METHODS

Thin wall poly vinyl chloride (PVC) and polyethylene (PE) medical grade tubing (1.0 mm

internal diameter, Gosford Plastics, Sydney) cut into 300 mm lengths were used in all

studies. The tubes were internally coated by a technique similar to Salehi et al. (1987).

Solutions of stannous chloride dihydrate (25 mg in 10 mL isotonic saline), were passed

through a 0.22 Jim membrane filter, and used immediately. Tubes were filled with the

stannous solution and allowed to stand for 5 minutes before being emptied, then washed

with 10 mL isotonic saline, dried with a stream of oxygen free nitrogen and clamped at

both ends until use

To evaluate the efficiency of the tin coated tubes for preparation of 99mTc labelled

complexes, 1 mL solutions of chloro hydroxybenzyliminodiacetic acid (CI-HBG)

adjusted to pH 7.5, and hexamethylpropyl amine oxime (HMPnAO) in 0.02 M carbonate

buffer plus generator-derived pertechnetate were aspirated and ejected slowly through

'tinned' tubes, several times. After each pass through the tube, 5 (iL samples were taken

to examine labelling efficiency.

To examine whether the lipophilicity of a 99mTc labelled complex affected its labelling

efficiency, a series of hydroxybenzylglycine (HBG) ligands, known to form neutral

complexes with 99mTc over a wide range of lipophilicities, were used (Maddalena et

al., 1987). One mL solutions (5 mg ligand / mL), pH 7.5, were passed through a 'tinned'

tube four times then 5 \\L samples taken for estimation of labelling efficiency.
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The labelling efficiency of the complexes was studied by paper electrophoresis using

Beckman paper strips at 300V for 1 hour in 0.05 M hepes buffer at pH 7.4. The strips

were cut into 5 mm sections and counted in a Packard model 5650 automatic gamma

counter at windows appropriate for"mTc.

To determine whether the 'tinned tube' method of labelling gave the same results as

more conventional methods, three ligands HMPnAO, (Volleert et al., 1984), Cl-HGB,

(Maddalena et al., 1987) and platinum compound II, (Awaluddin et al., 1987), were each

labelled with 99mTc by their published methods and the tube method. The HMPnAO was

labelled in 0.02 M carbonate buffer at pH 8.3 using stannous tartrate; the Cl-HBG in

isotonic saline at pH 7.5 using stannous chloride in 1 M HC1 and the platinum compound

II in 2% sodium chloride solution at pH 7.5 using sodium borohydride. The pairs of

complexes were then compared by rat biodistribution studies at 1, 2 and 3 hours post

injection.

The biodistribution studies on all complexes were carried out using female specific

pathogen free Australian Albino Wistar (AAW) rats 8-10 weeks old. Groups of animals

were injected intravenously via the tail vein with 100 |JL of the"mTc labelled complex

using a glass micro-syringe (SGE), whilst under light ether anaesthesia, then placed in a

metabolic cage for collection of urine and faeces. At the duration of the prescribed time

"interval, the rats were sacrificed by an overdose of anaesthetic, for collection of tissue

samples. The biodistribution of the complexes was calculated using the TISCON

program (Maddalena, 1983).

RESULTS

Effect of type of plastic and number of passes

When a solution containing Cl-KBG and pertechnetate was passed through either a

polyethylene (PE) or polyvinyl chloride (PVC) 'tinned' tube the labelling efficiencies of



- 8 0 -

the complexes formed were the same. The labelling efficiency of the complexes after

one pass was 82%, rising rapidly to a maximum of 96% after four passes. In the case of

the HMPnAO / pertechnetate mixture the labelling efficiency was >99% after the first

pass with tubes made of either type of plastic. These results suggested that either PVC or

PE could be used, so for the remainder of the studies only the PVC tubes were used.

Effect of lipophilicity on labelling efficiency

The "mTc labelling efficiency of six derivatives of HBG, whose lipophilicity spanned

nearly two orders of magnitude, (-0.61 to 1.28), after four passes through a 'tinned' tube

is shown in table 1. The labelling efficiency was not found to be related to the

lipophilicity of the complexes.

Effect of Tube Labelling Method on Biodistribution

The results of the rat biodistribution studies are shown in table 2. No significant

differences were found between the biodistributioi.s of the HMPnAO labelled by either

the stannous tartrate or the 'tinned' tube methods at 1 hour post injection.

When the biodistributions of the 99mTc labelled platinum complexes made by the two

different methods were compared, one third more was found in the kidneys and a little

le^s in the urine of the platinum complex made with the tube technique, suggesting that

the.v; might be a difference between the complexes.

The complex prepared with the tube technique had a labelling efficiency of 98%, and

only 1% of the injected activity was found in the stomach, an indicator of in vivo

stability, suggesting that the preparation v/as stable both in vitro and in vivo. However,

the other complex, prepared with sodium borohydride had a lower labelling efficiency of

90% and more than 2% in the stomach suggesting a less stable preparation.

Consequently, it is likely that the differences between the the amounts of activity found
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in the kidneys and urine of the complexes prepared by the two different methods were

due to the variation in amounts of free pertechnetate in the two preparations.

When the biodistribution data from the 99mTc Cl-HBG complex prepared by the tube

method was compared with the data from the conventional method using a t-test,

significantly more activity was found in the kidneys (p<0.05) and urine (p<0.05) and

significantly less in the gastrointestinal tract (p<0.05), suggesting that the complexes

were different.

In both preparations the labelling efficiency was > 95% and the activity found in the

stomach, was < 1%, suggesting that the complexes were stable both in vitro and in vivo.

However, in the preparation made by the tube technique there was a change in the pH of

the solution after it had passed though the tube four times. Since the 99mTc Cl-HBG

complex is very sensitive to pH, (Maddalena et a/.,1987), it is likely that the differences

in the biodistribution between the two methods are due to the pH change and might be

eliminated by buffering the solution prior to passing it through the tube.

CONCLUSIONS

The use of 'tinned' polyethylene or poly vinyl chloride plastic tubing was found to be a

rapid, and convenient method for labelling Iigands having a wide variety of

lipophilicities, with 99mTc. The labelling efficiency of the ligands was not related to their

lipophilicity suggesting that this technique may be useful for labelling lipophillic and

other difficult ligands such as those containing metals, which are incompatable with free

stannous ions in solution.
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Table 1.

Tube Labelling Efficiency of some 99mTc Complexes

Complex

HBG
NO2HBG
Cl-HBG
Br-HBG

DiCl-HBG
DiBr-HBG

Lipophilicity

-0.61
-0.13
0.39
0.71
1.06
1.28

Labelling Efficiency

88
96
96
94
96
92

Lipophilicity measured as log octanol-water partition coefficient.

Table 2

Biodis tribution of 99mTc Complexes in Rats

Tissue

liver
kidney
muscle
blood
urine
gut
stomach
brain

%LE

HMPAO

SnTart.

16.8(0.4)
2.7(0.2)

16.8(0.6)
6.5(0.4)

11.8(0.8)
26.5(1.2)

1.8(0.2)
0.8(0.1)

99.0

Tube

15.8(1.1)
2.7(0.1)

16.6(1.0)
6.3(0.1)

14.0(0.7)
26.7(0.7)

2.2(0.4)
0.6(0.1)

99.0

Cl-HBG

SnCl2

15.2(0.2)
11.9(0.9)

1.6(0.3)
3.2(0.3)

20.9(1.9)
43.0(1.4)

0.2(0.0)
-

98.0

Tube

4.2(0.1)
15.0(0.7)

1.8(0.2)
2.9(0.5)

29.1(2.6)
34.6(1.7)

0.3(0.0)
-

96.0

Pt Complex II

NaBH4

1.8(0.2)
9.4(0.5)
3.6(0.8)
3.9(0.1)

62.2(2.4)
4.9(0.7)
2.3(0.0)

-

90.0

Tube

1.8(0.3)
13.4(1.5)
5.2(1.1)
5.0(0.5)

56.9(5.6)
4.2(0.5)
1.0(0.5)

-

98.0

* means (standard deviation) of % injected dose of groups of 3 rats at 1,2 and 3 hours
post injection respectively.

% LE - percentage labelling efficiency.


