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ABSTRACT I 

A ^Tc-4J,N-diethyldithiocarbainate (BDC) complex was prepared 
using fonoamidine sulphinic acid as the reducing agent for pertechnetate (°^Tc). 
The complex was found to be non-polar. In mice the complex localised in the 
liver and intestines. Urinary excretion was very low and hepatic clearance 
relatively slow. 



IHTBOBOCTIOH 
(1 2) Bithiocarbamates have long been used as chelating agents for metalsv ' , 

many of the resulting complexes being uncharged. The tecbnetium-99m complexes 
have not been reported, presumably because of the difficulty in reducing 
pertechnetate ion in the presence of dithiocarbamates. 

A recent study by a Norwegian group*5' showed that mice given copper (II) 
and zinc (il) salts and then treated with sodium H,Nj-diethyldithiocarbamate (SDC) 
had increased brain copper and zinc levels. This finding was attributed to the 
lipophilic character of copper and zinc dithiocarbamate complexes. Further, 
Yokoyama and co-workers found that the technetium-99B-kethoxal-bi8(thio8emi-
carbazone) (^Tc-KTS) complex was uncharged and accumulated in the gallbladder of 

(51 mice. Loberg et_al;" also found some correlation between lipophilicity and 
hepatobiliary clearance in their investigation of two N-substituted iminodiacetic 
acid complexes and ^Tc-8-hydroxyquinoline, a complex which was readily 
extractable into chloroform. 

These reports, together with the low animal toxicity of EDC* j 
suggested that the technetium-99o-N,N-diethyldithiocarbamate complex ( ^Fc-BDC) 
might exhibit unusual biological behaviour. 

This paper reports the preparation of the ^Tc-DDC complex, its 
chemical behaviour and comparison of its biological distribution in mice with 
the hepatobiliary agent ^HPc-fiTDA^'. 

MATERIALS AMD METHODS 

Preparation of "^c-N-(2.6-dimethyli)henylcarbamoy3mft*hyi) ^-tnodiacetlc acid 
(""TC-KEDA). 

To a solution of HIDA (30 mg) in saline (1.8 ml, pH 6.5) was added 0.1 ml 
of a solution of stannous chloride (5 mg/ol). Sodium pertechnetate ( ̂ Pc) in 
saline (0.1 ml) was then added and the mixture shaken for 5 minutes. 

Preparation of "^"frc-DDC 

An aliquot (1 ml) of a stock saline solution of formamidine sulphinic 
acid (2 mg/ml, pH adjusted to 6.7) was added to weighed samples of DDC (10-40 mg). 
The volume was made up to 2 ml with saline and sodium pertechnetate ( 9 9*Tc), the 
mixtures shaken for 2 minutes and then heated at 50° for 5 minutes. The final pH 
was 7»5 to 8.0. 
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Analysis 

Sarples applied to Whatman No. 1 paper strips were developed by 
descending chromatography using ethyl methyl ketone (MEK), 8596 methanol and saline 
as the three solvent systems. Electrophoresis was performed on Whatman No. 1 strips 
using a Camag HVE system at constant voltage (2000 V, 10 mins) with a Vf> ammonium 
carbonate buffer (pH 8.2). 

The strips were dried, scanned with a Packard 7220/21 radiochromatogram 
scanner and then cut into 1 cm sections and counted in a Packard 5912 autogamma 
scintillation spectrometer. 

Sodium DDC was detected as a brown stain when the paper strips were 
sprayed with a 1% cupric sulphate pentahydrate solution. 

BESPITS 

In vitro studies 

The colloidal ^ T C - D D C complex formed to the extent of > 95$ when 
pertechnetate was reduced with FSA* ' ' in the presence of sodium DDC at 
temperatures ranging from 20 to 50 . At 100 extensive decomposition was observed. 
The concentration of sodium DDC, in the range 5 to 20 mg/ml, had no effect on ^Fc-
DDC formation. 

Paper chromatography in the three solvent systems showed that the 
product consisted of two non-polar complexes in a ratio of approximately 6:4* 
While both complexes migrated to the solvent front in MEK (sodium DDC remained 
at the origin), in saline the predominant product remained at the origin while the 
other substance had R f 0.1 (sodium DDC had R~ 0.9 in saline). There was no 
pertechnfttate (R f 0.7) present. A dried NEK chromatogram which was reversed and 
then re-run in saline exhibited the expected activity at the new origin (the MEK 
solvent front) and at R» 0.1. In addition a considerable quantity of pertechnetate 
(R f 0.7 in saline) was now observed showing that the "*T?c - DDC complex is 
unstable in the absence of the complexing agent. 

In 85$ methanol, the predominant complex had R f 0.9 and the minor 
product had R f 0.7. Sodium DDC migrated to R f 0.9 in this solvent system. 

On electrophoresis of the mixture, both "^Tc-DDC complexes remained at 
the point of application and the DDC anion migrated 7»8 cm towards the anode. 
Pertechnetate, which under identical conditions migrated 9*5 cm towards the anode, 
was absent. 
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These chromatographic and electrophoretic properties allowed the 
separation of the labelled complex free from excess complexing agent. Alternatively, 
the complex could be isolated by extraction into either chloroform or ethyl acetate. 
Over 98% of the activity was transferred to the organic phase, while the sodium 
HOC essentially remained in the aqueous layer. A solution of the complex in 
ethyl acetate was unstable to air at room temperature. Paper chromatography 
showed that it gradually dissociated and was oxidised to pertechnetate. 

In vivo distribution 

The organ distribution of the ^Pc-DDC complex at 15 minutes, 1, 2£ 
and 6 hours, shown in Table 1, is indicative of slow hepatobiliary excretion. 
The complex was cleared rapidly from the blood; 15 minutes after injection 78% 
of the activity was located in the liver and intestines and remained constant at 
this value up to 6 hours or until defecation occurred. At 15 minutes, 6896 of 
the activity was located in the liver/bile reducing to 47% at 2£ hours and 29% 
after 6 hours. Urinary excretion was only 9% of injected activity at 1 hour, 
12% after 2£ hours and 20% after 6 hours. Activity in the bladder was negligible 
as were uptakes in the stomach, spleen and kidneys. 

In comparison, the total activity in the liver/bile and intestines of 
the ^Tc-HIDA complex was 86% of that retained at 15 minutes and 1 hour; at 
2 hours it was 81%. Urinary excretion was 8 and 25% of the injected activity at 
1 and 2 hours respectively. These values are similar to the results reported in 
the literature ^> 9, 10) # 

The whole body scans for the ^Tc-HIDA and ^Fs-DDC complexes were 
markedly different. In the "*rc-HIDA scans the gallbladder was clearly visualized 
at 15 minutes with low liver background. At 2 hours the residual gallbladder and 
liver activity was negligible. In contrast, the ^Pc-DDC scans at 15 minutes, 
1, 2£ and 6 hours showed that the activity was spread throughout the liver with no 
obvious concentration in the gallbladder. 

DISCUSSION 

Stannous chloride, the conventional reducing agent for pertechnetate, 
formed an insoluble complex with DSC and was therefore unsuitable for the 
preparation of the ^rc-DDC complex. PSA, however, gave satisfactory results* 

Complexes of ^Tc-which have been proposed as hepatobiliary agents 
including penicillamine^ S dihydrothioctic acid (DHE)* , mercaptoisobutyric 
acid (HEBA)^ '» pyridoxylidine amino acids ^ ' and acetanilideiminodiacetic 
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acid derivatives (5, 10) Of these, the pyridoxylidine amino acids end the 
acetanilideiminodiacetic acid derivatives, such as HIM, have shown the most promise, 

(9 17—19) but the field is still under active investigation v '. 

The urinary excretion and bladder activity of ^Pc-DDC in mice is very 
low, and in thi3 respect it is similar to ^Pc-HTDA and clearly superior to 
^HPc-pyridoxylidine amino acid complexes ^ 4' ''. This result is not unexpected 
in view of the marked antidiuretic action of the xJDC sodium salV . The 
hepatic clearance of ^Fc-EDC is, however, relatively slow resulting in poor 
gallbladder visualization. 

The migration of the ^Tc-EDC with the solvent front in MEK (a non-polar 
solvent) and its immobility in saline and under electrophoresis, clearly 
demonstrate its non-polar, lipophilic nature. The very low polarity suggests 
that the complex may be excreted from the liver by incorporation into bile acid-

(21) lecithin micellesv . 

An uncharged ^Ec-DDC complex is consistent with structures (l) or (2) 
(22) depending on whether the technetium is in the III or V oxidation stateN '. 

Tc 1 1 1 ( S^C KEtJ, 

(D 
0=Tc V ( S ^ C 

(2) 

N E t 2 ) ? 

The stoichiometry of the complex is being investigated. 
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TABLE 1. "V-i Organ distribution of 'u?c-DDC in mice as percentage of 
retained body activity a. 

15 minutes 1 hour Zh hours 6 hours 

Carcass 12.3 — 2.1 13-3 4- 2.9 13.9 + 1.6 13.6 ±1.8 
Bladder 0.4 + 0.2 1.0 + 0.7 1.9 + 1.4 0.6 ±0.3 
Urine 2.8 + 0.3 8.8 + 3.1 11.9 4- 6.7 19.5 ± 4.4 
Heart 0.5 + 0.1 0.3 4- 0.1 0.4 4 0.1 0.8 ± 0.4 
Lung 3.0 + 1.1 1.9 -t- 0.4 0.4 + 0.1 1.2 ±0.2 
Spleen 3-3 + 3.0 0.8 4- 0.2 1-3 + 1.2 0.7 ±0.2 
Liver (with bile) 68.1 + 4.0 56.8 4- 3.9 47.2 + 3.1 29.3 4. - 1-3 
Kidneys 2.2 + 0.4 2.6 + 0.4 4-3 4- 1.1 2.2 ±0.2 
Stomach 0.4 + 0.1 0.5 + 0.1 0.8 4- 0.4 0.7 - 0.2 
Small intestine 9.0 t 3-1 15.3 + 2.9 20.3 4- 5.7 9.3 -'2.7 
Caecum and 0.6 •t 0.2 7.3 

4- 5.6 9.2 4- 7.1 30.6 4-- 8.2 
large intestine 
Faeces - - - 10.9 ±12.3 

Total intestines 
plus faeces 

9.6 ± 3.2 22.6 - 3.0 29.5 - 5.4 50.8 ± 2.4 

a. mean results for five mice - 1 s.d. 
b. percentage of injected activity 


