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— The concentrations of copper, molybdenum and zinc were measured
in the liver of normal grazing sheep and lambs from Eastern Norway,
and in sheep dead of chronic copper ?oiso‘nin:g. The following mean
values were found: Normal sheep: 173 =130 pg Cu/g wet weight,
1.0 = 0.3 pg Mo/g, and 49 =10 pug Zn/g; lambs: 129 £ 59 pg Cu/g,
0.9+0.3 pg Mo/g, and 46 +9 pg Zn/g; sheep dead of copper
poisoning: 429 + 249 pg Cu/g, 0.4 = 0.1 ng Mo/g, and 43 += 21 pg Zn/g.
Sheep with low liver copper (Cu < 10 png/g) were also analyzed for
molybdenum and zinc, with the following results: 1.0 = 0.2 pg Mo/g,
and 45 = 8 ng Zn/g wet weight. The differences in liver copper be-
tween all the groups, and the differences in molybdenum concen-
trations between the normal sheep and the lambs and between the
normal sheep and the poisoned sheep were significant (P < 0.001).
No significant correlations between liver copper/liver molybdenum
or liver copper/liver zinc were detected.

copper; molybdenum; zinc; sheep; liver; copper
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Copper is both an essential and a toxic element in animal
nutrition, and copper deficiency as well as toxicosis are well
known in husbandry. The sensitivity to high, respectively low
dietary levels of copper, however, varies greatly among animal
species. Ruminants, especially sheep, are considered to be the
most susceptible to copper toxicosis among domestic livestock
(Underwood 1971).

It is not only the dietary content of copper which may induce
copper toxicosis. Complex biological interactions between copper
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and other elements, especially molybdenum, zinc and sulphur
exist (Van Campen & Scaife 1967, Huisingh et al. 1973, 1975,
Suttle 1974 a, b, Suttle et al. 1975), but are not yet fully under-
stood.

The aim of the present investigation was to study the relation-
ship of the copper content in sheep liver to the amount of molyb-
denum and zinc at different levels of copper accumulation.

MATERIALS AND METHODS

Samples of the left part of the liver of 128 sheep and 192
lambs from 16 different districts of Eastern Norway were col-
lected at the slaughter-houses at Lillehammer, Gjgvik, Oslo and
Drammen during the autumn 1974. The lambs were born in
April-May 1974, while the sheep were more than one year old.
The samples were analyzed for copper, molybdenum, and zine.

In addition, data from liver analyses of 74 sheep dead of
spontaneous chronic copper poisoning during 1971—1975 were
included in the investigation. These sheep originated from dif-
ferent parts of Norway, all livers were analyzed for copper, but
only 27 samples, those from 1974—1975, were analyzed for
molybdenum and zinc.

For comparative reasons the liver from 20 selected sheep
from other parts of Norway with ‘“subnormal” liver copper
(Cu <10 pg/g wet weight) and 11 control cases dead of other
diseases, but normal in liver copper, were also analyzed.

Analytical methods

The present method for the determination of molybdenum
was composed from methods published in the literature (Jeffery
1956, Scharrer & Eberhardt 1956, Schaumléffel 1960, Oelschldger
1962, Wenger & Hogl 1971). The methods were slightly modified
so that copper and zinc could be determined simultaneously. In
our hands the present variant of the dithiol method gave the
most reproducible results for the molybdenum determinations.
A critical examination of the method used is given elsewhere
(Norheim & Waasjg to be published.).

The liver samples were stored at —18°C until the analyses
were done. Five-g samples were digested with sulphuric acid/
nitric acid/perchloric acid until a clear solution was obtained.
The acid solution was diluted to 100 ml, transferred to a dry
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separating funnel, 1 ml a-benzoinoxime solution (2 % in 96 %
ethanol) was added, and afiter a few minutes extracted with 25
ml chloroform. The extraction, including the addition of reagent,
was repeated once. The water phase was poured back into the
volumetric flask for the determimnation of copper and zinc by
atomic absorption spectroscopy. The organic phase was collected
in a digestion flask, evaporated to dryness, and the residue di-
gested with sulphuric acid/nitric acid/perchloric acid. The re-
maining acid solution (about 5 ml) was diluted to 20 mi, 1 ml
iron(II) solution (1 % ferrous ammonium sulphate in 0.2 N
sulphuric acid) and 2.5 ml dithiol solution (0.2 % in 1 % sodium
hydroxide containing 16 ml thioglycolic acid/l1) was added, and
the solution was set aside for 15 min. Due to the reaction heat
between sulphuric acid and water, the temperature during the
complexation was slightly elevated. Standard solutions of molyb-
denum were added 5 ml sulphuric acid, diluted to 20 mi, and
ireated as the samples. After cooling, the solutions were trans-
ferred to separating funnels and extracted with 5.0 ml carbon
tetrachloride. The extinctions were read in 1.0 cm cells at 675 nm
against blank solution. The standard curve was a straight line
up to 3 pg Mo/ml.

RESULTS

The mean values and the concentration ranges of copper,
molybdenum and zinc in the liver of normal sheep and lambs
are presented in Table 1. In addition the results from the analyses
of liver samples from copper poisoned sheep, together with the
appropriate post-mortem control samples and samples from
slaughtered sheep with a liver copper concentration less than
10 pg/g wet weight, are also presented in the table.

The table shows that the liver copper varied greatly both
within the groups and between the groups of sheep. The normal
adult sheep, with a mean value of 173 ug Cu/g wet weight, had
a ratio between the largest and the smallest value of about 100.
The corresponding ratio for the lambs was about 30. The lambs
had significantly lower liver copper, with a mean value of 129
ng/g (P <0.001, t-test), and also a more narrow range. The
range represented a difference of 812 ug/g in aduit sheep and
332 pg/g in the lambs. Sheep dead of copper poisoning had an
even wider range, representing a difference in copper concen-
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Table 1. Mean values and ranges of the concentrations (pg/g wet

weight) of copper, molybdenum, and zinc in the liver of normal sheep

and lambs, copper poisoned sheep, sheep dead of other diseases, and
sheep low in liver copper (Cu < 10 pg/g).

Copper Molybdenum Zinc

Num-

bers

mean * s range

mean = s range

mean + s range

Normal adult sheep 128
Normal lambs 192
Sheep dead of chronic

173 =130  8— 820
129 = 59  8— 340

429 +249 150—1900

1.0+03 0.4—2.0
09+03 03—1.6

0.4 +0.1* 0.2—0.6

49 =10 31—110
46+ 9 26— 90

43 = 21* 22115

copper poisoning 74

Sheep dead of other

diseases

11 62+ 27 18— 120 0.8+04 03—15 48+18 31— 93

Sheep selected for

low liver copper

* Only sheep from 1974—1975, 27 cases of poisoning, were analyzed
for molybdenum and zinc.

tration of about 1750 pg/g, but the ratio between the largest and
the smallest value was only about 13 in this group of sheep. The
mean value of liver copper in the poisoned animals, 429 pg/g,
was more than twice the value of adult normal sheep, and sig-
nificantly greater than in any other group (P < 0.001). Sheep
dead of other diseases had a mean value of 62 pg Cu/g in liver,
about half the level of the lambs investigated.

The concentration ranges of molybdenum in liver were, as
shown in Table 1, not as wide as the ranges of the liver copper.
The ratio between the largest and the smallest value for all the
samples was about 10, and the maximum difference 1.8 pg/s.
The mean value of sheep, 1.0 g Mo/g, was slightly, but signi-
ficantly higher than the mean value of lambs of 0.9 ng Mo/g wet
weight (P < 0.001), and more than twice the mean value of 0.4
pg/g in the liver of copper poisoned sheep (P < 0.001). There
was, however, no difference in molybdenum concentrations be-
tween normal sheep and sheep subnormal in copper, and no
significant difference between normal sheep and sheep dead of
other causes than copper poisoning.

The liver concentrations of zinc showed the smallest vari-
ation of the three elements, the maximum ratio between extreme
values was only about 5. The mean concentration in normal

20 7 2 3— 10 10=x02 0714 45+ 8 35— 75
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sheep liver was a little higher than in lambs, 49 and 46 pg Zn/g
wet weight, respectively, but the difference was hardly signi-
ficant (0.01 <P < 0.05). Among the adult sheep there were no
significant differences between the different groups.

Table 2. Liver concentrations of molybdenum and zinc in 128 nor-
mal sheep and 192 lambs at different class intervals of liver copper.

Liver copper ug/g wet weight
0-50 51-100 101-150 151-200 201-250 251-300 501-

Sheep Numbers 13 24 32 21 12 19 7

Molybdenum,
pg/g wet weight 1.1 1.0 1.0 0.9 1.0 1.0 0.8

Zinc, pg/g wet

weight 51 48 48 47 48 50 51
Lambs Numbers 21 39 68 44 15 5 0
Molybdenum,

ng/g wet weight 1.0 0.8 0.8 0.9 0.9 1.0 —

Zinc, png/g wet
weight 41 44 46 48 51 54 —

Table 2 shows the mean values of molybdenum and zinc in
the liver of normal sheep and lambs grouped in class intervals
according to the liver copper content. The class intervals were
50 pg Cu/g up to 250 pg/g liver, samples between 250 and 500
1g/g constituted one group, and samples higher than 500 pg Cu/g
liver another.

As seen, there were only small and no systematic changes in
molybdenum and zinc concentrations with varying liver copper
content with one exception, a very slight increase in the concen-
trations of zinc with increasing copper levels in lamb liver. The
correlation coefficient for the copper/zinc relation in lambs was,
however, only 0.23. Thus no correlation existed between copper
and molybdenum, while a possible correlation between copper
and zinc is found in lamb liver but not in the liver of adult sheep.

DISCUSSION
The present investigation shows that grazing sheep from
Eastern Norway have a rather pronounced, but highly varied
accumulation of copper in the liver. Further the study reveals
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that there is no significant correlation between the liver concen-
trations of molybdenum and zinc and the liver copper content.

According to Underwood (1971) the normal range of liver
copper in sheep is 100—400 pg/g dry weight (about 30—130 pg
Cu/g fresh tissue). Both that range and the normal level of
copper are thus surpassed by a large margin by the present
groups of sheep.

The mean values of molybdenum and zine, however, about
1 wg Mo/g and 45—50 g Zn/g wet weight, are in good accord-
ance with the normal levels for different species (Underwood,
Hapke 1975). Hellesnes et al. (1975) found mean concentrations
of zinc in bovine liver from the same districts of 136 pg/g dry
weight (about 45 pg Zn/g wet weight).

Chronic copper poisoning in sheep may be an absolute or a
conditioned poisoning, and one reason for carrying out this work
was a search for a more exact aetiological diagnosis through sup-
plementary molybdenum and zinc analyses. From that point of
view the result was a negative one.

It is known that dietary molybdenum increases the copper
excretion in sheep, and thus decreases the copper depots in the
liver (Underwood). Contrary, it has been stated that an increased
copper intake diminishes the molybdenum concentration in the
liver (Havre et al. 1960). The mechanism of this antagonistic
effect has been discussed in a number of papers, and recently
reviewed by Huisingh et al. (1973) and Suttle (1974b). Most
authors seem to agree that this interaction most probably is a
ruminal or intestinal process resulting in a complex between
copper and molybdenum (“cupric molybdate”) which is not
biologically available and therefore is excreted unchanged in the
urine (Huisingh et al. 1973). These authors also give a model of
interaction in the tissues, in which molybdate forms the complex
with copper and thus hastens the copper excretion. These hypo-
theses of the antagonistic relationship between copper and mo-
lybdenum, however, are not reflected in any correlation between
the two elements in the liver of sheep with varying degree of
copper accumuilation.

In spite of the lack of correlation between liver copper and
liver molybdenum, sheep dead of chronic copper poisoning have
a lower molybdenum content in the liver than sheep surviving
the accumulation. This indicates that a decrease in the molyk-
denum concentration may occur in the terminal crisis of the
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poisoning, during which copper is released from the liver. The
release of copper is possibly accompanied by a release of molyb-
denum too.

The interaction of zinc and copper is most probably a com-
petitive absorption mechanism, and thus an antagonistic effect
exists between the two elements (Van Campen & Scaife 1967,
Van Campen 1970, Suttle et al. 1975). From the present study
it is seen that this antagonism has no consequences for the con-
centrations of zinc in the liver of sheep at different levels of
copper accumulation.

Spontaneous cumulative copper poisoning in grazing sheep is
not rare in Norway. This kind of copper poisoning was described
by Nordstoga (1962), and occurs in greater parts of the country,
especially in the autumn after the sheep have come back from
the moumntain pastures. In recent years, however, chronic copper
poisoning in sheep has also occurred during the winter and
spring time in connection with indoor feeding. About half the
cases investigated in our laboratory from 1971 to 1975 occurred
in the period January-May. The authors have put this feed-
related poisonings in connection with an increased use of con-
centrates and mineral supplements in sheep nutrition, because
both concentrates and mineral mixtures are added supplementary
copper. Further, Todd (1972) found that oat and barley had
relatively low concentrations of molybdenum and sulphur. An
increase in the use of concentrates may thus increase the copper/
molybdenum and the copper/sulphur ratio, thus leading to an
elevated risk for copper toxicosis. The role of the concentrates
in the occurrence of chronic copper poisoning in sheep is also
pointed out by Van der Berg & Van der Schee (1973).
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SAMMENDRAG
Molybden og sink i relasjon til kobberinnholdet i lever hos sau.

Molybden, sink og kobber ble bestemt i lever fra 128 voksne sauer
og 192 lam fra det indre gstlandsomradet i Norge. Prgvene ble inn-
samlet i forbindelse med hgstslaktingen 1974. Videre foreligger det
kobberanalyser av lever fra i alt 74 tilfeller av kronisk kobberforgift-
ning hos sau som er diagnostisert ved Veterineerinstituttet fra 1971 til
1975. Av disse er 27 prgver undersgkt for molybden og sink. Av kom-
parative grunner ble ogsa 20 selekterte prgver med lavt kobberinnhold
fra andre deler av landet (Cu < 10 pg/g vatvekt) og 11 prgver med
,normalt“ kobberinnhold (50—100 pg Cu/g) fra andre obduksjons-
kasus undersgkt for molybden og sink.

Analysene viste at det er en temmelig hgy, men sterkt varierende
grad av kobberakkumulering i sau fra det undersgkte omradet. De
voksne dyrene hadde hgyeste verdier med et gjennomsnitt pa 173 pg
Cu/g vatvekt, men ogsi lammene, som hadde et gjennomsnitt pa 129 pg
Cu/g, 12 hgyere enn det som er angitt som normalverdier i litteraturen.
Enkeltverdier fra presumtivt friske slaktedyr ble milt helt opp til
820 ng Cu/g for sau og 340 pg Cu/g for lam. Sau dgd av kronisk kob-
berforgiftning hadde et gjennomsnittlig innhold av kobber i lever péa
429 pg/g, med spredning fra 150 til 1900 g Cu/g.

Konsentrasjonen av molybden og sink i lever fra slaktedyr, gjen-
nomsnittlig 0,9—1,0 pg Mo/g og 46—49 pg Zn/g for lam respektive
sau, stemmer bra med normalverdier som er angitt i litteraturen. Det
var ingen signifikant forskjell i molybden og sink mellom de forskjel-
lige gruppene, bortsett fra at de kobberforgiftede dyr hadde lavere
molybdeninnhold (0,4 pg Mo/g), noe som kan tyde pa at det skjer en
utskillelse av molybden fra leveren i forgiftningens sluttfase.

Det var ingen signifikant korrelasjon mellom leverkonsentrasjo-
nene av molybden og kobber eller mellom sink og kobber i det fore-
liggende materiale.

(Received June 8, 1976).

Reprints may be requested from: The National Veterinary Institute,
P.0. Box 8156, Oslo Dep., Oslo 1, Norway.





