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Fate of the gold and the thiomalate part after
intramuscular administration of aurothiomalate
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SUMMARY Double isotope-labelled aurothiomalate (195Au -14C -thiomalate) has been administered
to mice, and the excretory fate and tissue distribution have been studied. The results show that the
gold and the thiomalate separate in vivo resulting in protein-bound gold and release of free thio-
malate. About half of this thiol is excreted in the urine during the first day, and the remaining half
is bound to tissue membranes and cells. Although thiomalate penetrates cellular membranes slowly
in vitro. the compound is found in all organs, mostly in the liver and the kidneys, after admini-
stration of aurothiomalate. Separation of the gold moiety from its thiol carrier also takes place in
man. This explains the finding of free thiomalate in the urine of patients receiving aurothiomalate
intramuscularly. As thiomalate has now been shown to possess penicillamine-like biological activi-
ties it is suggested that at least part of the antirheumatic effects of aurothiomalate may be due to
the thiol carrier being released in the body.

Several studies in vivo and in vitro have shown that
the antirheumatic drug aurothiomalate (Myocrisin)
in serum is bound mainly to albumin (McQueen
and Dykes, 1969; Danpure, 1974; Danpure, 1976;
Lorber, 1977). This conclusion is based upon
analyses of the gold moiety of the drug, whereas
little attention has been paid to the supposed inert
carrier molecule, thiomalate. Recently we (Jellum
et al., 1977) demonstrated that the interaction of
serum proteins with aurothiomalate in vitro results
not only in binding of the gold to the proteins but
also in a concomitant release of free thiomalate
(see also Danpure, 1976).

In the present studies double isotope-labelled
aurothiomalate has been administered to experi-
mental animals, and the excretory and metabolic
fate and tissue distribution of both the gold moiety
and the thiomalate part of the drug have been fol-
lowed. The results show that protein-bound gold and
free thiomalate are present also in vivo. Part of the
latter thiol is excreted in the urine, and part is bound
to tissue membranes and cells.
These observations are of particular interest in

view of the increasing attention given to thiols as
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antirheumatic agents (Multi-Centre Trial Group,
1973; Munthe, 1977; Lyle and Kleinman, 1977;
Feltkamp, 1979) and the finding that thiomalate is
not an inert carrier but has profound biological
effects in in-vitro systems (Arrigoni-Martelli et al.,
1978).

Materials and methods

RADIOLABELLED COMPOUNDS
Myocrisin labelled in the gold moiety (e95Au-
thiomalate) and 14C-thiomalate were supplied by
May and Baker, Dagenham, London. Equilibration
of the 2 compounds in a mixture resulted in exchange
of radiolabels, and after purification by preparative
thin-layer chromatography, double isotope labelled
Myocrisin (195Au in the gold part and 14C in the
thiomalate moiety) was obtained.

14C activity of urine, serum, and tissue homo-
genates was counted in a Packard Tri-Carb liquid
scintillation spectrometer, using Packard Dilusolve
scintillator cocktail. All results were corrected for
quenching. Determination of 14C in the presence of
195Au was carried out by first counting 195Au activity
in a gamma counter (Nuclear Chicago, Inc., USA)
followed by counting of the sample in the liquid
scintillation counter. From the total activity (195Au
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+ 14C) obtained in the latter were subtracted the
counts due to the gold isotope, leaving a net activity
due to 14C.

ANIMAL EXPERIMENTS
Female mice, NMRI strain, weighing 20 ] 1 g were
given single, intramuscular injections of the radio-
labelled compound (0 1 ,utCi; 20 ,g of substance
corresponding to 1 mg/kg body weight, dissolved in
0. 1 ml of 0 9% NaC1). Faeces and urine from the
animals were quantitatively collected in special
metabolic cages. Organ distribution of the radio-
labels were determined 6, 12, and 20 hours after
injections of the drug. The animals were killed by
decapitation and brain, kidney, liver, spleen, lung,
muscle, and skin samples as well as blood, urine,
and faeces were analysed as described above.

In some experiments expiratory air was collected
after administration of the labelled compound.
The animal was placed horizontally in a specially
designed plastic cylinder, and the expired CO2 was
quantitatively collected in a gas trapping flask and
subsequently counted in the scintillation spectro-
meter.

IN-VITRO EXPERIMENTS
Penetration of aurothiomalate, thiomalate, and
penicillamine through cellular membranes was
studied by incubating human erythrocytes and iso-
lated rat liver cells with the radiolabelled compounds.
The rate of disappearance of radioactivity from the
extracellular phase and appearance of label intra-
cellularly were measured.

Interactions of the above compounds with serum
proteins were studied in a similar way. Human
serum was incubated with the labelled compounds,
aliquots were withdrawn at intervals, and the pro-
teins were precipitated with ice-cold perchloric
acid. Radioactivity in the supernatant and in the
washed precipitate were counted.

Results

The excretion curve (Fig. 1) shows that the gold
label is excreted continuously and slowly, whereas
the 14C excretion is rapid initially and then very
slow. Thin-layer chromatography showed that free
thiomalate accounted for nearly all the 14C activity
in the urine except for the thiomalate disulphide,
which most likely had been formed after voiding
(thiomalate is readily oxidised by air at room
temperature and neutral pH to its corresponding
disulphide). Faeces contained negligible amounts of
both labels after 6 hours and approximately 2 5%
of each label after 20 hours. Analysis of expiratory
air showed that thiomalate is not metabolised to

carbon dioxide in the body, as less than 0 5% was
recovered as radioactive carbon dioxide in the
expiratory gases. Whole body analyses showed that
after 6 hours approximately 50% of the thiomalate
activity remained in the body, and after 20 hours
about 40% of the 14C-label was still bound to
body constituents.
The organ distribution of the labels (Table 1)

showed that the blood and the kidneys in particular
contained a large portion of gold label, in agreement
with earlier reports. The blood thiomalate con-
centration, on the'other hand, was remarkably low,
and 6 hours after injection only about 0h 1 % of the
thiomalate activity remained circulating. This
explains the shape of the urinary excretion curve of
thiomalate. As regards the blood concentration,
thiomalate behaves differently from gold as well as
from penicillamine, of which as much as 15-20%
remained in circulation 12 hours after administration
(not shown). All organs contained both thiomalate
activity and gold activity as shown in Table 1.
The ratio between the labels (195Au/14C) varied
considerably, for example, from 80 in blood to 0 1
in the brain after 6 hours. It is apparent from the
change in the ratios with time that thiomalate in
general is taken up by the tissues faster than gold.
The kidney and the liver contained relatively more
of the thiomalate label than the other organs. The
chemical form of the 14C label in the organs was
shown by thin-layer chromatography to consist
mainly of free and protein bound thiomalate.
The low concentration of thiomalate in blood

suggested a low tendency of this thiol to form mixed
disulphides with serum proteins. This was confirmed
in a series of in-vitro experiments, in which only a
small portion of the radiolabel became bound to the
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Fig. 1 Elimination of thiomalate and gold after
aurothiomalate administration to mice. The animals
were given the drug as double isotope labelled compound
(195AU -14C) as described in the text.
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Table 1 Organ distribution ofgold and thiomalate after intramuscular adninistration ofdouble isotope-labelled
Myocrisin to mice

% of dose recoveredlg of tissue Ratio Au/thiomalate

After 6 h After 20 h 6 h 20 h
Organ

l9SAu 14C-thiomalate l9SAu 14C-thiomalate

Blood 7*9±0-3 0.1±0.1 4-4±0-4 0-1+0-1 79 44
Kidney 8-9+0-8 1-9±0*6 17-1±4-2 3-1±2*6 4.7 5.5
Spleen 1-7±0-1 1*3±0*6 1-8±0-2 1.1±0.1 1.3 1.6
Liver 3-2±0-3 1-8+0-4 2-5±0-2 1-3±0-5 1.8 1.9
Brain 0.1±0.1 1.1±0.1 0-3+0-1 0-3+0-1 0.09 1.0
Lungs 4*4±1*0 1-2±0-1 2-7+0-2 1-0±0-6 3-7 2.7
Muscle 0-9±0-1 2-4±0-8 0-6±0*1 0-6±0-2 0-4 1.0
Skin 1-8±0t6 2-6±0-2 2-1±0-8 0*8±0-2 0.7 2-6

Thiu

proteins (Fig. 2). After 1 hours about 4-5% of the
thiomalate was protein bound compared to about
10-12% in the case of penicillamine. If the incubation
was carried out in the presence of oxygen, the thiols
were partly oxidised, and the results then expressed
the ability of the corresponding disulphides to inter-
act with the proteins. A considerably larger portion
of both compounds was then bound to the proteins
(Fig. 2).

Penici llamine

_N.oO itrogen atm

m- .- 6

60
min.

--0-------o Au(I)-THM

_o- o PSH

PSH
.,... .. 2THM8-0=-e:----o----3 Au(I)-THM

60 120
min.

The ability of thiomalate, aurothiomalate, and
penicillamine to penetrate cellular membranes was
studied in a series of in-vitro experiments, with
washed erythrocyte and isolated liver cells (hepato-
cytes) as cellular models. Fig. 3 demonstrates that
Myocrisin itself did not penetrate the erythrocyte
membrane. Penicillamine and thiomalate pene-
trated, but at a slow rate. Thus after approximately
1 hour 90% of the latter compound was still present

omalate

Fig. 2 Binding ofpenicillamine
(left) and thiomalate sodium
salt (right) to human serum
proteins atpH 7*4. 0= incubated
in an atmosphere of nitrogen to
prevent oxidation of the thiols.
O =incubation in air, oxidation

Nitrogen atm. not prevented.
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Fig. 3 Penetration of
aurothiomalate, thiomalate (THM),
and penicillamin (PSH) into human
erythrocytes. Disappearance of
radiolabel from the extracellular
phase and intracellular appearance
were measured.
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in the extracellular phase and only about 5 % was
recovered intracellularly. The difference (5 %) was
bound to the cellular surface (membrane proteins).
Similar results were obtained with isolated hepato-
cytes as cellular model (not shown).

Discussion

The experiments described above, in which double
isotope-labelled Myocrisin was administered to
mice, clearly show that the gold and the thiomalate
moieties separate in vivo, resulting in protein-
bound gold and free thiomalate. A considerable part
of the thiol is not excreted but is taken up by the
tissues and the cellular membranes. Separation of
the gold moiety from the thiomalate carrier also
takes place in man. Thus thiomalate is found in the
urine of patients receiving Myocrisin intramuscu-
larly (Heininger et al., 1978). Owing to the high
affinity of protein-SH for gold ions, a similar split-
ting of other gold-containing drugs like gold thio-
glucose (Solganol) is also likely to take place, again
with release of the free thiol.
An important question to consider therefore is

whether thiomalate (and thioglucose), like peni-
cillamine, have any biological effects. They have
been demonstrated by Arrigoni-Martelli and his
associates in Copenhagen (Arrigoni-Martelli et al.,
1978). Thiomalate and thioglucose were found to
have penicillamine-like effects on delayed hyper-
sensitivity reactions and on adjuvant arthritis.
The thiol penicillamine is known from controlled

clinical trials to have a beneficial effect in the treat-
ment of rheumatoid arthritis. Quite recently another
thiol, thiopyridoxine, has also been shown in con-
trolled trials to act as an antirheumatic drug (Camus,
personal communication; Jaffe, 1978). Similar
controlled trials have not yet been performed with
thiomalate or thioglucose. However, in view of the
results discussed above, one might speculate that at
least part of the effects of Myocrisin (and of Solganol)
may be due to their thiol carriers.
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