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Combined effect of sodium maleate and some
thiol compounds on mercury excretion and
redistribution in rats
L. MAGOS AND T. STOYTCHEV*

Toxicology Research Unit, Medical Research Council Laboratories, Carshalton, Surrey

1. (+)-Penicillamine in a dose of 193 umoles/kg given subcutaneously twice a
day on the sixth and seventh days after the administration of 100 ig mercury
increased the urinary excretion of rats more than the equimolar dose of
N-acetyl-( + )-penicillamine but less than 2,3-dimercaptopropanol 48.3
,,moles/kg.
2. Sodium maleate in a dose of 156 gmoles/kg given on the sixth and seventh
days after the mercury did not influence mercury excretion or redistribution.
Sodium maleate in the same dose increased considerably the effect of
(+)-penicillamine on the urinary excretion and redistribution of mercury. It
increased the effect of N-acetyl-(+)-penicillamine only slightly. There was a
tendency to decrease the effect of 2,3-dimercaptopropanol.

3. All the complexing agents decreased the kidney content of mercury and
increased the liver and blood concentration of mercury. These changes were
highest with 2,3-dimercaptopropanol. The combination of sodium maleate
with (+ )-pencillamine caused higher mercury excretion and lower kidney
content but a smaller increase in the liver and blood mercury contents than
2,3-dimercaptopropanol.

It was shown by Clarkson & Magos (1967) that sodium maleate in a dose of 200
mg/kg, which is near to the toxic level, brought about a ten-fold increase in the
urinary excretion of mercury. They suggested that the metabolic disturbances caused
by maleate might liberate an agent from the cells capable of forming a strong
complex with mercury and thereby remove the metal from the kidney tissues.
Sodium maleate, however, might also affect the transport of the mercury complex.
If the lowest dose for the facilitation of transport is less than that required for the
hypothetical mercury complexing agent, sodium maleate might increase the urinary
excretion of mercury in the presence of an exogenous complexing agent.

* Permanent address: Department of Pharmacology, Institute of Physiology, Bulgarian
Academy of Sciences, Sofia.



122 L. Magos and T. Stoytchev

In this paper we record the effect of a dose of 25 mg/kg (196 ,lmoles/kg) on
the urinary excretion of mercury in rats treated with (+)-penicillamine, N-acetyl-
( +)-penicillamine or 2,3-dimercaptopropanol (BAL).

Methods
Animals. Albino rats, Porton Wistar strain, 200-250 g body weight were used.

Injection solutions. Mercuric acetate (BDH Chemicals Ltd., Poole, Dorset) was
dissolved in 0.9% NaCl and labelled with 203Hg isotope (Radichemical Centre,
Amersham), to give a solution containing 100 gg Hg and 0.2 to 0.5 1tc radioactivity
in 0.2 ml.; sodium maleate (BDH) 1.6% solution in distilled water; sodium
fumarate (Hopkin & Williams Ltd., Chadwell Heath, Essex), 1.6% solution in
distilled water; sodium chloride (BDH), 0.9% solution in distilled water; (+)-
penicillamine hydrochloride (Dista Products Ltd., Liverpool), 3.58% solution in
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FIG. 1. Effect of maleate given alone or in combination with (+)-penicillamine on the urinary
excretion and kidney content of mercury. Thirty-two animals were given 100 ,ug Hg intra-
muscularly as mercuric salt labelled with 203Hg. Five days later the animals were divided into
four groups and groups of two were placed in metabolism cages. On the sixth and seventh
days after treatment the groups were given subcutaneously once a day maleate in the following
doses: none; 78 ,moles/kg; 156 ,umoles/kg and 312 ,moles/kg. Four of every group were
given (+)-penicillamine 193 ,moles/kg intramuscularly twice a day. Maleate was given with
the first dose of (+)-penicillamine. During the 2 days of treatment urine was collected for
the estimation of 203Hg. At the end of the 2 days animals were killed, kidneys were removed
and kidney content of 203Hg was estimated. Kidney content of mercury in (+)-penicillamine-
treated ( - ) and in control animals (] - -j); daily urinary mercury excretion in
(+)-penicillamine-treated ( ) and in control animals (0--0).
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0.1M carbonate buffer (pH 9.0); N-acetyl-(+)-penicillamine (Dista Products) 3.7%
solution in 0. lM carbonate buffer; 2,3-dimercaptopropanol (BAL) (Boots Pure Drug
Co. Ltd.), 1.2% solution in arachis oil. All the solutions were prepared immediately
before injection.

Experiments. Each rat was injected intramuscularly into one thigh with mercuric
acetate (100 pg/Hg) and 96 hr later groups of two animals of the same sex were
placed in metabolism cages. The total weight of the rats was about the same in
each cage. Food (M.R.C. diet 41B) and water were available ad libitum. Faeces
and urine were collected for each 24 hr period on the fifth, sixth and seventh days.
At this time the total body burden was 64 to 74% of the dose given and the distribu-
tion of mercury in the body was nearly complete and consequently any change in
the kidney level and in the amount excreted was easily detected. The animals were
killed under ether anaesthesia 168 hr after the mercury injection. Blood was taken
from the chest cavity, kidneys and liver were removed, washed, blotted and weighed.

The LD5O of sodium maleate given subcutaneously to male rats was estimated
according to Weil (1952).

The mercury content (measured as 2,Hg) of organs and excreta was estimated by
an automatic scintillation counter (Model 50A, Packard Instrument Co., La Grange,
Illinois, U.S.A.) having a counting efficiency of 40%. The body burden was
estimated in twelve animals on days 5-7 after the mercury injection with a
scintillation counter (Detector N664B, scaler N610A, Ekco Electronics, Ltd.,
Southend-on-Sea) while the rats were placed in a holder over the crystal. Efficiency
was 1.2%.

In vitro experiments. Millilitres of phosphate buffer, pH 7.4, M/ 15, was mixed
with 1 ml. 35 mm sodium maleate and later with 1 ml. 3.5 jaM (+)-penicillamine or
N-acetyl-(+)-penicillamine or 1.75 gM BAL (prepared by Boots without arachis oil
and antioxidant). In the controls the thiols were mixed with 9 ml. phosphate buffer.
Before and after adding the thiols, the samples were gassed with nitrogen. The thiol
concentrations were estimated with DTNB reagent (5,5'dithiobis-2-nitrobenzoic
acid) (Aldrich Chemical Co., Milwaukee, Wisconsin) using the extinction coefficient
given by Beutler, Duron & Kelly (1963) before and after incubation for 3 hr at 40 C.

Results

Figure 1 shows that when sodium maleate was given to rats on the sixth and
seventh days after the administration of 100 ,ug Hg, doses of 78, 156 and 312 ,moles/
kg had no effect on the kidney content of mercury and only 312 umoles/kg had a
marginal effect on the urinary excretion of mercury. There was, however, a dose-
dependent increase in the urinary excretion of mercury and a decrease in the kidney
content of mercury when the same doses were given in combination with (+ )-peni-
cillamine. Table 1 shows that maleate 156 ,moles/kg significantly enhanced the
effect of (+)-penicillamine on the urinary excretion of mercury in both sexes but
the increase was higher in females. Maleate increased the effect of N-acetyl-(+)-
penicillamine only marginally while the effect of BAL was decreased though not
significantly. Table 1 also shows that sodium fumarate (the trans isomer of
maleate) had no effect on the urinary excretion of mercury either with or without
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(+)-penicillamine as the urinary excretion was the same in the fumarate and in the
saline controls. The faecal excretion of mercury after the complexing agents ranged
from 1.04 ,ug to 2.10 Mg Hg per day, but treatment with fumarate or maleate had
no effect on this.

All the complexing agents reduced the kidney mercury content (Table 2) and some
further decrease was brought about when maleate was given to (+)-penicillamine-
treated animals, though the decrease was significant only in the females (P<0.0025).
Table 2 also shows that not all the mercury removed from the kidneys by the com-
plexing agents was excreted but some was redistributed, resulting in an increase in
the blood and liver contents of mercury. Sodium maleate affected the liver and
blood content of mercury only in the group treated with (+ )-penicillamine.
When the complexing agents used in these experiments were incubated with

sodium maleate, it was found that BAL reacted with it but (+)-penicillamine and
N-acetyl-( + )-penicillamine did not (Table 3).

Discussion
The results show that maleate in a dose which by itself had no effect on mercury

excretion enhanced the effect of one complexing agent ( (+)-penicillamine) on the
urinary excretion of mercury. During the 2 days of treatment female rats excreted
8.4 Mg Hg in urine. This amount equalled 12% of the body burden. Maleate
slightly decreased the effect of BAL, however, and had only a slight effect on
N-acetyl-(+)-penicillamine. The fact that maleate reacts in vitro with BAL but
not with (+)-penicillamine may in part account for these findings. Any reaction
between maleate and BAL in vivo could decrease their concentration and conse-
quently their effect on mercury excretion. N-acetyl-( + )-penicillamine alone was less
effective than (+)-penicillamine in increasing the urinary excretion of mercury;
maleate enhanced this effect only slightly.
The increase in the urinary excretion of mercury is always associated with a

redistribution demonstrated by a change in the kidney, liver and blood contents.
Excretion and redistribution do not, however, run parallel. In rats treated with
maleate and penicillamine the excretion was higher but the redistribution within
the animals was less than in animals treated with BAL, either alone or with maleate.
The observed difference in the excretion: redistribution ratio should give a positive
advantage to the maleate-penicillamine treatment over BAL when the main aim of
the treatment is to reduce the body burden.

TABLE 3. Effect of maleate on the thiol groups of (+)-penicillamine, N-acetyl-(+)-penicillamine and
BAL

Decrease in thiol groups
Thiol (% of initial concentration)

Thiol concentration
compound (mM) Without maleate With maleate

(+)-penicillamine 035 3-2 1.5
N-acetyl-(+)-

penicillamine 035 5.2 2.0
BAL 035 14.2 358

Eight millilitres of phosphate buffer (pH 7.4, M/15)+ I ml. 35 mm sodium maleate or 9 ml. phosphate
buffer was mixed with 1 ml. 3.5 mM (+)-penicillamine or N-acetyl-(+)-penicillamine or 175 mm BAL.
The samples were gassed with nitrogen and incubated at 40 C for 3 hr. The numbers are the average
of three separate experiments.
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(+)-Penicillamine (Aposhian & Aposhian, 1959) is much less toxic than BAL
(Fitzhugh, Woodard, Braun, Luskey & Calvery, 1946), but on the molar bases BAL
increases the urinary excretion of mercury more effectively than (+ )-penicillamine.
The experiments reported here, however, have shown that the effect of (+)-peni-
cillamine can be potentiated by a non-toxic dose of sodium maleate. In these
experiments the dose of sodium maleate was 30-40 times less than the LD50 for
female (5,070 ,umoles/kg) or for male (6,400 gmoles/kg) rats (Clarkson & Magos,
1967). The slight difference in the acute toxicity of maleate might explain why it
was less effective in male than in female rats in potentiating the action of (+ )-peni-
cillamine. The possibility cannot be excluded, however, that this sex difference was
at least partly associated with a difference in sensitivity to mercury (Harber &
Jennings, 1965) reflected also in the lower kidney content of mercury in male
animals treated only with (+)-penicillamine (Table 2).
The present findings may suggest a new therapeutic approach to increase the

effect of some metal complexing agents, especially if the decrease of the body burden
is the main aim of the treatment.

We wish to thank Dista Products Ltd. for the generous gift of (+ )-penicillamine and
N-acetyl-(+)-penicillamine and Mrs. A. R. Green and Mr. R. D. Lock for valuable technical
assistance.
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