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ABSTRACT 

The reduction of pertechnetate uith formamidine sulphinic acid in 
the absence of added ligands uas found to be accompanied by complex formation. 
This complex shoued a non-specific animal distribution. The complex produced 
during the reduction competed effectively uith added complexing agents. 



INTRODUCTION 

Fritzberg, Lyster and Dolphin (1,2,3) have recently reported the 
preparation of a variety of Tc-99m complexes using formamidine sulphinic 
acid (FSA) as the reducing agent. Our interest in a reliable non-metallic 
reducing agent for pertechnetate together uith some apparent anomalies reported 
by Fritzberg and his co-uorkers (2,3) led us to further investigate the reduction 
process. 

MATERIALS AND METHODS 

Formamidine Sulphinic Acid (FSA) Solution. A stock solution of FSA (20-40 
mg/ml) uas prepared either in saline (pH adjusted to 8.7) or in 50 mg/ml disodium 
hydrogen phosphate dodecahydrate. An aliquot of these solutions uas added to a 
mixture of sodium pertechnetate (and ligand where applicable) and the volume 
adjusted uith saline or disodium hydrogen phosphate solution to give a final FSA 
concentration of 0-5 to 20 mg/ml. The mixture uas then autoclaved at 123 for 
5 minutes or heatec in a boiling uater bath for 10 minutes. (Both procedures 
gave identical results). 

Analysis. The mixtures uere applied to Whatman No. 1 paper strips and 
developed by descending chromatography using ethyl methyl ketone (PIEK), 85% 
methanol and saline as eluents. After drying, the strips uere scanned using 
a Packard 7220/21 radiochromatogram scanner and then cut into 1 cm sections 
and counted in a Packard 5912 autogamma scintillation spectrometer. 

In Vivo Distribution. Tissue distribution studies uere performed on 
male, albino mice ueighing 25-30 gm. The mice uere sacrificed and activity in 
the organs determined using a CRC-2N Capinteec radioisotope calibrator. 

RESULTS 

In the absence of any added complexing agents, FSA solutions at 
concentrations varying from 0.5 to 20 mg/ml uere found to completely reduce 
pertechnetate as shoun by chromatography in FIEK. Chromatography in 85% 
methanol resulted in all the activity remaining at the origin in the case of 
the 0.5 mg/ml FSA solution while increasing FSA concentrations resulted in a 
steady increase of activity at R f ~0.7 uith a corresponding decrease in the 
activity at the origin. At 20 mg/ml FSA only 10% of the activity remained 
at the origin uith about 50% at R f 0.7 and about 40% at R. 0.9. Chromatography 
in saline further confirmed complex formation uith increasing FSA concentration. 
At 0.5 and 1 mg/ml FSA the bulk of the activity remained at the origin while 
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It was noted that the pH of solutions of FSA which had been adjusted 
with sodium hydroxide but otherwise not buffered, decreased markedly on heating. 
A 1 mg/ml FSA solution adjusted to pH 8.7 decreased to pH 6.0 and a 20 mg/ml 
solution at pH 9.0 decreased to pH 4.5 after autoclaving at 123 C for 5 minutes. 

In order to eliminate pH effects, the reduction of pertechnetate and 
complexing of FSA was studied in solutions buffered to pH 9.0 with 50 mg/ml 
Na?HP0 .12H 0. This buffer system was chosen since orthophosphate ions complex 
very weakly with reduced pertechnetate. Paper chromatography in l"IEK again 
shoued that complete reduction of pertechnetate occurred at all FSA concentrations 
from 0.5 to 20 mg/ml. Chromatography in 85$ methanol demonstrated that even at 
the lowest FSA concentration (0.5 mg/ml) 99$ complexing had occurred. This was 
confirmed by saline chromatography where less than 5$ of the activity remained 
at the origin. 

The results of the 85$ methanol and saline chromatograms, summarised 
in Table 1, were found to be dependent on the concentration of FSA, with an 
indication that three "complexes" may be formed. At high FSA concentrations 
(10 and 20 mg/ml), the activity in the 85$ methanol chromatograms was centred 
at R f 0.6 and R. 0.75 while at low FSA concentration (0.5 mg/ml) activity was 
found at R f 0.75 and 0.86. At 1,2 and 5 mg FSA all three peaks appeared. In 
all cases, however, the "complex" at R f 0.75 accounted for about 7G$ of the 
total activity. Similarly, at low FSA concentrations (0.5 to 2 mg/ml), the 
saline chromatograms showed two complexes, one moving with the solvent front 
(~76$) and a second at R 0.7 (~24$). At 20 mg/ml FSA, essentially all the 
activity migrated with the solvent front. 

The complexep prepared by reduction of pertechnetate (Tc-99m) with 
1 mg/ml and 10 mg/ml buffered FSA solutions, on injection into mice exhibited 
a non-specific distribution (Table II) when sacrificed 15 minutes and 120 

minutes after injection. The femurs of mice sacrificed 5 hours after injection 
showed negligible bone uptake. 

DISCUSSION 

The mechanism by which FSA reduces the pertechnetate ion is not clear, 
but it is apparent from the pH change on heating that considerable decomposition 
of FSA occurs. We have shown that either FSA, or its decomposition products, 
complex with reduced pertechnetate. The use of only saline and MEK or 
1-butanol chromatography in the investigation of the complexing of an added 
ligand with FSA reduced pertechnetate, is unsatisfactory since the ligand and 
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qQm 
reported both that Tc- complexes prepared with tin (II) and FSA showed 
similar (1) and noticeably different (2) in vivo behaviour. Ue compared the 
chromatographic behaviour (in 85% methanol) of the complexes formed uhen 
pertechnetate was reduced with either tin (II) chloride dihydrate (250 mg/ml) 
or FSA (1 mg/ml) in the presence of the powerful complexing agent HIDA 
(N,tt -2,6- dimethylphenylcarbamoyl methyl iminodiacetic acid) (10 mg/ml) 
(4). The chromatograms clearly showed the presence of both the HIOA and 
FSA complexes. 

It is therefore apparent that competition by FSA must be considered 
in any studies of Tc-99m complex formation when using FSA as the reducing 
agent. 
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TABLE I 

RESULTS OF PAPER CHROWATOGRAPIS 

UNBUFFERED FSA 
8536 Methanol Elution 

BUFFERED FSA 

% Activity 

R f 0.65 - 0.68 

-0 

30 
40 
50 

Saline Elution 

% Activity 

R f 0.7 - 0.77 

~0 

R f 0.8 - 0.9 

~10 

**5 
10 
40 

R f 1 

8556 Methanol Elution 

% Activity 

hi R f 0.59 - 0.64 R f 0.73 - 0.77 

5 ~0 55 
5 20 50 
5 20 40 
5 30 50 
5 30 60 
5 20 70 

Saline Elution 

20 

% Activity 

R f 0.62 - 0.65 R f 1 

20 80 
5 90 

10 25 
20 20 
5 95 ~0 95 



TABLE II 

IN UIUO DISTRIBUTION 

Orqan % Retained Dose 15 Minutes after Infection 
1 mo FSA/ml 10 mq FSA/ml 

Liver 10.5 11.9 
Lung 4.3 3.7 
Kidneys 5.9 4.8 
Heart 1.2 1.2 
Spleen 0.2 0.3 
Whole Body 77.7 77.5 

Retained Dose 120 Minutes after Injection 

1 mq FSA/ml 12. mq FSA/ml 
10.6 5.9 
1.0 1.5 
5.5 3.8 
0.5 0.5 
0.2 6.6 
82.0 81.5 

/ 


