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4'29. - D-penicillamine and 2,3-dimercapto-propane-1-sulphonate 
(DMPS) were administered orally and disodium-calcium-ethylene
diamine-tetraacetate (Ca-EDT A) subcutaneously into copper loaded 
sheep. The results showed that D-penicillamine has a copper mobili
zing effect, while DMPS and Ca-EDTA do not seem to have this effect 
to any significant degree. Penicillamine, 52 mg/kg of body weight 
daily for 6 days, increased the urinary excretion of copper by a factor 
of 10 to 20. The same dosage (on weight basis) of DMPS increased 
the excretion of copper in urine by 2 fold. Following Ca-EUT A treat
ment no increase in urinary excretion o.f copper was observed. Peni
cillamine could be used in prophylactic treatment of copper toxicosis 
in sheep, but it is still too expensive for practical use. 
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Sheep are extremely sentitive to excess of copper in the feed 
and can accumulate large amounts of copper in the liver 
(Underwood 1977). 

Molybdenum and sulphate are useful agents in preventing 
copper retention in sheep, and zinc has also proved to be an 
active metabolic antagonist to copper (Underwood). 

Synthetic chelators are of interest as possible prophylactic 
or therapeutic agents in sheep. The traditional chelating agent, 
2,3-dimercapto-1-propanol (BAL), however, does not increase 
the excretion of copper in the urine of affected sheep (Clarke & 
Clarke 197 5). Its derivative, 2,3-dimercapto-propane-1-sulpho
nate, is reported to mobilize Hg++ effectively in rats (Gabard 
1976a), but has not been studied with respect to mobilization of 
Cu++. 
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In the present investigation the copper mobilizing effect of 
this sulphonated derivative is compared with the effects of Ca
EDT A and penicillamine, the latter agent being the currently 
used therapeutic in \Vilson's disease in man. 

MATERIALS AND METHODS 
Experimental animals 

The experiments were carried out on 6 1-year-old ewes of 
Norwegian Dala breed weighing from 35 to 52 kg. The sheep 
were in a condition of copper loading, as they had been fed 20 mg 
CuS04 • 5H20/kg of body weight daily for 5 weeks. After the 
copper dosing was ended, the sheep were kept on water and hay 
for 2 weeks before and throughout the experiment. The hay and 
water contained 3.6 µ.g/g and 0.28 1-Lg/ml copper and 0.22 µ.g/g 
and 0.001 1-Lg/ml molybdenum, respectively, as determined by ac
tivation analysis. In addition, 1 ewe weighing 42 kg, which had 
turned into the terminal haemolytic crisis of spontaneous copper 
toxicosis, was also used in an excretion experiment. 

The sheep were tied up in metabolism stalls, and urine was 
collected through permanent bladder catheters (Folaflate balloon 
catheter) for copper analysis. Blood samples collected at given 
intervals before and during the experimental period were ana
lyzed for plasma copper. For clinical control purposes, the blood 
samles were also analyzed for some haematological and enzyma
tic parameters, but these results will not be reported. 

At the end of the experiments, the animals were killed and 
necropsies were carried out. Samples of liver tissue were sub
mitted to copper analysis. 

A.nalytical methods 
Plasma copper was determined by atomic absorption spec

troscopy after dilution with distilled water. Liver and urine 
copper concentrations were determined by the same method 
after wet digestion of the samples with sulphuric-, nitric- and 
perchloric acid. 

Drugs 
D-penicillamine (Cuprimine®, capsules containing 250 mg, 

Merck- Sharp & Dohme) was dosed orally to sheep Nos. 1 and 2 
twice a day at a rate of 52 mg/kg of body weight daily for 6 days. 
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2,3-dimercapto-propane-1-sulphonate (DMPS, capsules con
taining 140 mg, Heyl & Co., Berlin) was given to sheep Nos. 3 
and 4 at the same dosage (on weight basis) and period of time 
as mentioned for penicillamine. 

Disodium -calcium -ethylenediamine - tetraacetate (Ca-EDT A, 
Merck) was injected subcutaneously into sheep Nos. 5 and 6 as 
a 1 % solution in 5 % glucose at a rate of 110 mg/kg of body 
weight twice a day for 2 days. Sheep No. 7 was injected the Ca
EDT A solution intravenously by drop infusion at a rate of 1 mg 
Ca-EDTA/kg/hr. for 29 hrs. The infusion was started by an 
initial injection of 60 mg/kg of body weight. 

RESULTS 
Penicillamine 

The results of the penicillamine dosage on the copper excretion 
in urine are illustrated in Fig. 1. In both ewes, the copper ex
cretion was increased by a factor of 10 to 20. The increased 
excretion started 1 day after the first dosage, and the maximum 
effect occurred after 2 to 3 days. When the treatment was inter
rupted, the excretion rate immediately decreased again. 

Sheep No. 1 had a significantly higher copper excretion than 
the other experimental animals both before, during and after 
dosage. This was considered to be a result of a slight elevation 
of the plasma copper indicative of a moderate copper release 
from the liver. 

DMPS 
The urinary excretion of copper after the dosage of DMPS is 

illustrated in Fig. 1. Compared to the effect of penicillamine, the 
increase of the copper excretion was much smaller, as there was 
only a 2- to 3-fold increase. 

Ca-EDT A 
The effect of Ca-EDT A on the excretion of copper is illustra

ted in Fig. 2. As seen from the figure, the treatment caused no 
significant effect on the copper excretion in the experimental 
animals. 

In the copper poisoned animal the plasma copper level de
creased from 6 to 3 µg/ml during the 29 hrs. treatment period, 
and the urinary excretion decreased from 0.9 to 0.3 mg/hr. in 
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Fi g u r e 1. The urinary excretion of 
copper (p.g) per 12 hrs. after oral ad
ministration to 4 sheep of the chelating 
agents penicillamine (Nos. 1 and 2) and 
DMPS (Nos. 3 and 4). Arrows indicate 
dosages. The dose was for both drugs 5·2 
mg/kg of body weight divided ·into 2 
daily dosages for 6 days. Sheep No. 1 
•-•, sheep No. 2 t-t, sheep No. 3 
•-• , sheep No. 4 •-•· 
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F i g u r e 2. The urinary excretion 
of copper (p.g) per 12 hrs. after 
subcutaneous injection of 2 sheep 
with the chelating agent Ca-EDT A 
(Nos. 5 and 6). Arrows indicate 
injections. The animals were given 
110 mg/kg of body weight twice 
daily for 2 days. Sheep No. 5 
•-•, sheep No. 6 •-• • 

the same period. The sheep died 29 hrs. after the start of the 
treatment. 

Sheep Nos. 5 and 6 developed an anorexia the last day of the 
treatment and did not recover during the observation period. 

Clinical and post-mortem findings 
The mean diuresis varied from 12 to 24 ml/kg/day for the 

ewes with exception of the sheep suffering from the terminal 
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haemolytic crisis. This particular sheep had a diuresis of 130 
ml/kg/day. 

With the exception of sheep Nos. 1 and 7, the plasma copper 
concentrations were within normal ranges (0.8--1.2 µg Cu/ml), 
and no particular pathological changes were observed by post
mortem examination. Sheep No. 1 had increased plasma copper 
concentrations (up to 1.6 µg/ml) at the beginning of the experi
ment, but the concentration normalized during the experimental 
period. Clinical symptoms, expressed by moderate elevation of 
plasma glutamic oxaloacetic transaminase (GOT) and a tendency 
to haemoconcentration, were also observed in this particular 
sheep, and at necropsy scattered focal liver necroses of minor 
degree were observed by histological examination. Sheep No. 7, 
which suffered from a terminal haemolytic crisis following a 
spontaneous copper toxicosis, showed clinical and pathological 
changes in accordance with the alterations usually found in cop
per toxicosis. The copper concentrations in the liver tissues of 
the ewes at necropsy, are given in Table 1. 

T ·a b 1 e 1. Post-mortem concentrations of copper in the liver of the 
ewes. 

Sheep 
No. 

1 
2 
3 
4 
5 
6 
7 

Copper concentrations 
(mg/kg wet weight) 

DISCUSSION 

575 
280 
290 
400 
265 
420 
510 

The results of the present investigation clearly demonstrate 
that penicillamine increases the excretion of copper in sheep. 
DMPS and Ca-EDTA, on the other hand, do not seem to have 
this effect to any significant degree. 

Considering the mode of action of orally administered chela
ting agents, 3 possibilities exist. First, copper excreted to the 
gastrointestinal tract may form a complex with the agent in the 
gut, and this complex may subsequently be excreted. Since the 
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total excretion of copper to the gastrointestinal tract in sheep 
seems to be low & Rambrek 1978), it is supposed that this 
mode of action is of minor importance in sheep. 

Secondly, the chelating agent may be ahsorbed as such from 
the gastrointestinal tract and may react with copper in the blood 
or in the extracellular space. Penicillamine and DMPS may act 
by this mechanism. The absorption of penicillamine is rather 
high, amounting to 60 % (Catsch & Hormuth-Hoene 1976). 
Gabard (1978) has recently examined the absorption of DMPS 
and found it to be about 30-40 % . If the difference in the ab
sorption seen in rat is of the same magnitude in sheep, it could 
explain to a certain degree the difference in chelating capacity 
between those 2 agents seen in vivo. 

The third mechanism, the intracellular complex formation, 
is probably of minor importance since DMPS is thought to be a 
non-penetrating agent, and D-penicillamine is found to penetrate 
the cellular membranes only to a limited extent (Catsch & Har
muth-Hoene, Aaseth 1976). 

DMPS has been found to increase the urinary excretion of 
mercury in rats and mice (Gabard 1976a, b, Aaseth & Friedheim 
1978), and Ca-EDTA is a well known chelator with good excre
torial effects in cases of lead poisoning (Levine 1975, Hatch 
1977). In vitro these 2 latter agents also have affinity to divalent 
copper (Ringbom 1963, Aaseth, unpublished results), they are, 
however, obviously far less effective than penicillamine in break
ing the strong attachment between copper and its binding sites 
in vivo. 

The anorexia of the sheep on the Ca-EDT A treatment may 
be related to the high dose used, as the dose chosen is at the 
upper limit of the tolerance. However, the dose used in the pre
sent experiment is recommended to calves and cattle suffering 
from lead poisoning (Hatch). 

The diuresis of the experimental animals were within normal 
ranges (Gans 1970). The increased diuresis in sheep No. 7 was 
probably caused by the effect of the crisis on the kidney function 
and the effect of the drop infusion of Ca-EDT A. 

A decrease of plasma copper similar to that seen in the sheep 
treated with Ca-EDT A as a drop infusion, is a characteristic 
finding in the terminal haemolytic crisis of copper poisoning 

& 1977). 
The difference in copper concentrations in the livers is as-
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sumed to originate from variations in liver copper concentra
tions before the treatment, and should probably not be ascribed 
to the effect of the chelating agents. The copper concentrations 
in sheep liver usually show great variations (Frf'slie & Norheim 
1976). 

The positive effect of penicillamine on the copper excretion 
is comparable to its effect on humans suffering from Wilson's 
disease, to whom approximately the same dose levels are used 
(Levine). This agent therefore could be used in prophylactic 
treatment of copper toxicosis in sheep, but compared to molyb
denum and sulphate supplementation, it would be rather ex
pensive for use under practical conditions. 
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SAMMENDRAG 

M.obilisering av kobber hos sau ved bruk av kelatorer. 
D-penicillamin og 2,3-dimercapto-propan-1-sulfonat (DMPS) ble 

gitt oralt og dinatrium-kalsium-etylendiamin-tetraacetat (Ca-EDTA) 
subcutant ti1 kobberbelastede sauer. Resultatene viser at D-penicil
lamin har kobbermobiliserende effekt ved doser som tilsvarer dose
ring anbefalt til menneske. DMPS og Ca-EDTA synes ikke a ha denne 
effekten i noen srerlig grad. 52 mg peniciHamin/kg kroppsvekt daglig 
i 6 dager fi.lkte urinutskillelsen av kobber med en faktor pa 10-20. 
Den samme dosering (pa vektbasis) av DMPS s>Skte utskillelsen av 
kobber i urin til det dohbelte. Etter Ca-EDT A behan.dling hie det ikke 
registrert noen s>Skning av utskHlelsen av kobber i urinen. 

PenicHlamin kunne derfor tenkes brukt i den profylakHske be
handling av kohber-toksikose hos sau, men sammenilignet med tilffi.lr
sel av molybden og sulfat hlir det for dyrt under praktiske forhold. 
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