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FR0SLIE, ARNE and GUNNAR NORHEIM: The concentrations 
of copper, zinc and molybdenum in swine liver and the relationship 
to the distribution of soluble copper- and zinc-binding proteins. Acta 
vet. scand. 1977, 18, 471-479. - The concentrations of copper, zinc 
and molybdenum were measured in liver samples from 2,1 normal 
slaughter pi.gs (average age about 6 months) and fo 36 sows (average 
age about 2 y,ears). The fol1owing mean values were found: Slaughter 
pigs: 15 ± 8 µg Cu/g, 45 ± 7 µ,g Zn/g and 1.0 ± 0.2 µg Mo/g wet 
weight; sows: 46 ± 70 µg Cu/g, 70 ± 26 µg Zn/g and 1.3 ± 0.3 P:g Mo/g 
wet weight. The concentrations of aH 3 elements were s1gmficantly 
higher in the sows than in the young pigs. There was no correlation 
between the concentmtions of copper, zinc or molybdenum. The re
corded copper levels in the slaughter pigs were .in accord·ance wi1th 
the levels of non-supplemented pigs given in the liiteratur,e. The sol
uble hep1a,tic copper- and Z'inc-binding proteins were separated into 
3 different fractions by gel filtration. With increasing copper and 
zinc levels in the liver, a higher r,elative amount of these elements 
were found in the low molecular weight fraction. 

copper; z J. n c; mo 1 y b den um; swine; liver; protein 
binding. 

It is well known that tolerance to feed copper supplemen
tation varies among animal species. Sheep, especially, are very 
susceptible to copper, and chronic cumulative poisoning may 
arise at levels higher than 20-30 mg Cu/kg in the feed (Clarke 
& Clarke 1975). Swine, on the other hand, have a higher tole
rance to copper, and supplementation as high as 250 mg Cu/kg 
fodder is used as a feed additive to growing swine, to improve 
daily weight gain and feed conversion efficiency without sig-
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nificant risk of toxic accumulation of copper (Meyer & Kroger 
1973, Braude 1975, Castell et al. 1975, Hansen & Bresson 1975, 
Prothmann 1975). 

The accumulation of copper in the liver is an essential step 
in copper toxicosis (Clarke & Clarke), and hepatic copper le
vels, as well as the levels of zinc and molybdenum in sheep in 
Norway, have been investigated previously (Frpslie & Norheim 
1976, Frpslie 1977). The distribution of the soluble hepatic pro
teins binding these elements has also been studied (Norheim & 
Spli 1977, Spli et al. 1977). 

In this article, the results of similar investigations on swine 
liver are presented. 

MATERIALS AND METHODS 
Liver samples from 21 normal slaughter pigs (about 6 

months old) and 36 sows (average age about 2 years) were 
collected at a slaughter-house in Oslo. The total concentrations 
of copper, zinc and molybdenum were determined as described 
by Frpslie & Norheim (1976) and Norheim & Waasjp (1977). 
Selected samples from 5 slaughter pigs and 11 sows were sub
jected to gel filtration on Sephadex G-75 Superfine (Pharma
cia). The analytical procedures have been described previously 
(Norheim & Steinnes 1975, 1976, Norheim & S(Jli 1977). Copper 
and zinc were determined by atomic absorption spectroscopy by 
direct aspiration of the eluate samples. 

RESULTS 
The mean values and the concentration ranges of copper, 

zinc and molybdenum in the livers of the slaughter pigs and 
the sows are presented in Table 1. As seen from the table, all 
the elements are present in higher concentrations in the sows 
than in the slaughter pigs, the differences being highly sig
nificant for zinc and molybdenum and also significant for cop
per. Only small variations were seen in the concentrations of 
the 3 elements in the group of slaughter pigs, while the con
centrations in sows' livers varied within rather wide limits. 
There was no correlation between the copper and zinc on one 
hand, and copper and molybdenum concentrations on the other. 
The correlation coefficients were 0.26 and 0.18, respectively. 

The soluble hepatic copper-binding proteins were separated 
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into 3 different fractions. The approximate molecular weights 
were > 65,000 (Fraction I), 35,000 (Fraction II), and 10,000 
(Fraction III). Generally, the amount of copper in each fraction 
increased with increasing liver copper levels, but relatively, only 
Fraction III copper concentration increased. This latter fraction 
contained more than half of the copper present in the soluble 
protein fraction. 

The soluble hepatic zinc-binding proteins were also separated 
into 3 main fractions with the same approximate molecular 
weights as the copper-binding proteins. The position of the 
maximum zinc concentration in the first high molecular weight 
fraction varied slightly with the zinc level. The amount of zinc 
found in the first 2 fractions (Fractions I and II) showed rather 
small variations, while in Fraction III the concentration in
creased considerably with increasing zinc levels. In relative 
terms, however, a marked decrease was seen in Fraction I, 
while a marked increase was seen in Fraction III. 

T ab 1 e 2. The relative amounts of copper in Fractions I, II and III 
after gel filtration on Sephadex G-75 at different levels of total copper 

in 7 representative liver samples. 

Cu (µg/g wet weight) 9 

Fraction I ( % ) 21 
Fraction II ,, 25 
Fraction III ,, 54 

12 

16 
29 
55 

32 

11 
16 
73 

57 

9 
22 
69 

95 

6 
12 
82 

225 

4 
5 

91 

310 

5 
6 

89 

Table 2 gives the relative amounts of copper in Fractions I, 
II and III at different hepatic copper levels. The samples are 
representative for the whole group investigated, and no syste
mic differences were seen between slaughter pigs and sows. The 
volumes eluted in each fraction are indicated in Fig. 1. Table 3 
gives the relative amounts of zinc in the 3 fractions at different 
zinc levels. The selected samples reflect the variations in copper 
and zinc levels shown in Table 1. 

In the liver specimens investigated by gel filtration, there 
was a good correlation between the amount of copper or zinc 
found in Fraction III and the total hepatic concentration of 
copper or zinc, the correlation coefficients being 0.93 and 0.97, 
respectively. 
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T ab l e 3. The relative amounts of zinc in Fractions I, II and III 
after gel filtration on Sephadex G-75 at different levels of total zinc 

in 7 representative liver samples. 

Zn (µg/g wet weight) 30 

Fraction I (%) 83 
Fraction II " 

13 
Fraction III " 

4 

41 

71 
11 
18 

48 

55 
11 
34 

55 

54 
6 

40 

88 

40 
3 

57 

1-05 

35 
6 

59 

148 

27 
7 

66 

The amount of copper recovered in the protein extract de
creased with increasing liver copper levels, while the extract
able amount of zinc showed small variations. All copper and 
zinc present in the protein extract was recovered at an elution 
volume less than 200 ml on gel filtration. 

A very careful examination of Fraction III in the copper- and 
zinc-protein spectra revealed that there seemed to be a slight 
shift in the maximum concentrations of the 2 elements. The 
maximum concentration was, in most cases, found in the same 
5 ml fraction, but the shape of the. peak was slightly different. 
This may indicate that more than 1 metal-binding protein may 
be present in this low molecular weight fraction. 

DISCUSSION 
The hepatic concentrations of zinc and molybdenum, and 

especially copper, seem to increase with increasing age of the 
pigs. However, high level copper supplementation is not in use 
in Norway, and copper, as sulphate, is added to the swine diets 
at concentrations of only 7.5-12.5 mg Cu/kg. There is prob
ably no significant difference in the copper supply of growing 
swine and sows. 

The low, and rather constant, level of copper in the livers 
of slaughter pigs, a total range of 6-35 µg/ g wet weight, is 
in good agreement with the copper status of the diet, and cor
responds very well with the levels of non-supplemented grow
ing swine reported in the literature (Meyer & Kroger 1973, Proth

mann 197 5). According to Prothmann, who refers to more than 
30 authors, the liver copper concentration in slaughter pigs on 
non-supplemented diets is 36 (9-170) µg Cu/g dry weight, 
(about 11 (3-51) µg Cu/g wet weight*), while a supplemen-

• The dry weight in liver is estimated to be about 30 %. 
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in the low molecular weight fraction (Fraction III). In the pre
sent investigation, it was shown that, in normal slaughter pigs 
and sows, the main part of the copper present in the soluble 
protein fraction is bound to low molecular weight proteins. With 
increasing copper and zinc levels, an increasing percentage of 
the copper and zinc was found in the low molecular weight frac
tion. It is assumed that metallothionein-like proteins are respon
sible for this binding. 

Although the variation in the hepatic zinc level is less than 
the corresponding variation in the copper level, a very marked 
change was seen in the zinc-protein spectra. The greatest vari
ation is seen in the low molecular weight zinc-binding fraction. 

Taking previous investigations on slaughter sheep into con
sideration (Fr(Jslie & Norheim, Norheim & S(Jli 1977), it can be 
concluded that the hepatic copper concentration range is much 
greater in sheep than in pigs. However, a greater range in the 
zinc and molybdenum levels is seen in pigs. Similarities are 
also seen in the copper-protein spectra, but in sheep, the zinc
protein spectra were dependent on the copper status, and zinc 
disappeared from the low molecular weight fraction when the 
hepatic copper level increased. 

It may be concluded that the low molecular weight copper
and zinc-binding protein fraction is important in the detoxi
cation, metabolism and storage of excess intake of the 2 elements. 
It has also been demonstrated that the amounts of copper and 
zinc in the 3 metal-binding fractions are, contrary to the results 
for sheep, independent of each other. Finally it is assumed that 
several low molecular weight proteins are responsible for the 
metal-binding capacity in Fraction III. 
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