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The heavy metal concentrations of the liver and kidneys of free-living male common
shrews of three chromosome races (Ulm, Stobnica (II), Lggucki Miyn (IV)) and
hybrids II/IV were determined. The concentrations of zinc, iron, manganese and
cadmium as well as their distribution between liver and kidneys were not affected by
the karyotype. Adult shrews of the Ulm race displayed a significantly lower liver
copper concentration than that of the other shrews, whereas the kidney copper concen-
trations of the four groups did not differ significantly. These results suggest that the
Ulm race is a discrepant one in terms of copper metabolism; the possible involvement
of genetic basis in this phenomenon is discussed.

1. Introduction

Copper, zinc, iron and manganese — metals which
are components or activators of many enzymes —
play an important role in animal growth, develop-
ment and reproduction (Underwood 1977). Defi-
ciency or excess of any of these elements in animal
tissues may lead to various diseases and even death
(Rogers et al. 1985, Stemmer et al. 1985, Prohaska
1987). Therefore, the concentrations of these trace
metals must be ever maintained at appropriate level.

So far, it has been demonstrated that the metal
levels in mammalian tissues are affected by many
factors, such as: the total content of a given metal in
a diet and presence of components inhibiting its
absorption, the source and level of protein in a diet,
endocrine system, animal age and season (Hyvérinen

1972, Kirchgessner & Weigand 1983, Keen et al.
1985, Cossack 1986, Kennedy et al. 1986, Wios-
towski et al. 1988, Allain & Leblondel 1992). Be-
side that, recent studies indicate that the normal
metabolism of these elements depends on many
gene products (for review, see Prohaska 1987).
This is evidenced especially by a number of animal
mutants that exhibit abnormalities in the homeostasis
of copper (mottled mouse — brindled and blotchy,
toxic milk — zx, LEC rats), zinc (acrodermatitis
enteropatica and lethal milk), and manganese (pal-
lid — pa) (Hunt 1974, Chesters 1983, Rauch 1983,
Prohaska 1987, Takeichi et al. 1988, Shiraishi et al.
1991). The idea is supported further by the fact that
the individual differences in kidney copper concen-
tration in rats and even the kidney and liver concen-
trations of cadmium in mice have a genetic basis
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(Nederbragt & van Zutphen 1987, Shaikh et al.
1993).

In the present work we sought to extend the
studies concerning a role of genetic basis in the
trace element metabolism on common shrews
populations of which in Europe display a great
genetic differentiation (Hausser et al. 1994). We
were especially interested whether or not the vari-
ability in autosome arm combinations affects the
concentrations of copper; zinc, iron, manganese
and cadmium in the liver and kidneys of these
animals.

2. Material and methods

Male common shrews of the chromosome races: Ulm,
Stobnica (II), Legucki Mtyn (IV) and hybrids II/IV were
studied in this work (Table 1). S. araneus were caught in
the pitfalls at the places most suitable for shrews, i.e. wet
grassland and shrubs. The adult shrews of the Ulm race
were caught on Wolin island (53°57’N, 14°31’E) in June
1988, whereas individuals from the races II, IV and hy-
brids II/IV were caught in the hybrid zone (see Fedyk et al.
1991) at Mazurian region (53°40'N, 20°13’E) in June 1988
(adults) and September 1988, and 1989 (juveniles). Both
the Wolin island and Mazurian region belong to relatively
unpolluted areas of Poland.

Chromosome preparations were made from spleen by a
standard in vivo method (Fedyk 1980) and G-banded after
Seabright (1971) method. Shrew’s liver and kidneys were
excised and dried to a constant weight at 100°C. A portion of
the liver (about 150 mg) and both kidneys were then placed
in calibrated glass tubes with 1.5 ml of concentrated nitric
acid. After 20 hours of sample digestion at room tempera-
ture, sulphuric (0.1 ml) and 72% perchloric (0.5 ml) acids
were added and the mixture was heated at 100°C (1 hour),
150°C (1 hour) and finally at 200°C (1 hour). The residue,
after digestion (about 0.3 ml), was made up with double
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distilled water to 5.0 ml (liver) or 3.0 ml (kidneys)
(Wlostowski et al. 1988).

The concentrations of copper, zinc and iron were de-
termined by atomic absorption spectrophotometry in an
air-acetylene flame, whereas manganese and cadmium
analyses were carried out by electrothermal atomic ab-
sorption spectrophotometry using AAS 3 Carl Zeiss Jena
instrument with an EA 3 furnace attachment.

Results were expressed as pg/g dry wt £ S.D. To dis-
criminate at least to some degree, the possible effects of
different metal intakes on tissue heavy metals from those
governed by genetic mechanisms involved e.g. in metal
distribution between liver and kidneys after its absorption
from the intestine (Nederbragt & van Zutphen 1987, Shaikh
et al. 1993), the ratio between the metal concentration in
liver and kidneys was also calculated. All data were
analyzed by one-way analysis of variance. Differences
between means were determined by the Duncan’s multiple
range test or the Student’s r-test. The statistical analyses
were performed on log- or arcsin-transformed data.

3. Results

The mean trace element concentrations of the liver
and kidneys of each chromosome races of common
shrews are presented in Table 2. As can be seen
from Table 2, adult shrews of the Ulm race caught
on Wolin island had a liver copper concentration
that was significantly lower than that of the other
shrews caught in Mazurian region. However, the
kidney copper concentrations of the four groups of
adult shrews were not significantly different; in
effect the ratio (liver Cu/kidney Cu) occurred to be
the lowest in the Ulm shrews. Regardless of the race,
the copper concentrations of the liver (significant) and
kidneys (not significant) of juvenile shrews caught in
Mazurian region were lower than those of adults.

Table 1. Karyotypes and body weights of male common shrews of different

chromosome races under study.

Karyotypes Body mass g+ S.D. (n)

Chromosome races (diagnostic
metacentrics) adult juvenile

Ulm hi, gm 11.5+ 0.8 (15) not studied
Stobnica (I1) hi, ok, gm, np 11.4+1.1(19) 7.7+0.6(19)
kegucki Miyn (1V) kh, oi, gr, mn 11.2+ 0.7 (20) 7.5+0.8 (13)
Hybrids (II/1V) hi,ko,gr,mn or 11.3 £ 0.6 (20) 7.4+ 0.6 (26)

kh/hi/io/ok,

r/rg/gm/mn/np/p
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In contrast to copper, the zinc, iron and manga-
nese concentrations of the liver and kidneys of
adult shrews of Ulm race were not significantly
different from those of the races II, IV and hybrids
II/1V (Table 2). Likewise, the concentrations of
these metals in the liver and kidneys of juvenile
shrews were not affected by the karyotype. How-
ever, the zinc concentrations in the liver and kid-
neys, and iron concentration in the kidneys of juve-
nile shrews were significantly lower than those of
adult shrews. This implied that the relative tissue
zinc distribution (liver Zn/kidney Zn) was similar
to, but the distribution of iron (iiver Fe/kidney Fe)
was significantly different from that in the adults.

The liver and kidney cadmium concentrations
of adult shrews of Ulm race caught on Wolin island
were about twofold lower than those of the other
shrews from Mazurian region (Table 2). It was
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found, however, that the ratios (liver Cd/ kidney
Cd) of the four groups were not significantly differ-
ent. This suggested that the differences in the liver
and kidney cadmium concentrations were not at-
tributed to genetic basis but rather to a dietary
cadmium intake which might be different in
Mazurian region from that on Wolin island.

4. Discussion

The present work demonstrated that the concentra-
tions of zinc, iron, manganese and cadmium in the
liver and kidneys of common shrews as well as the
metal distribution between liver and kidneys are
not affected by the karyotype. It cannot be ruled
out, however, that the observed differences in liver
copper concentration may be attributed to the vari-

Table 2. Heavy metal concentrations in the liver and kidneys of common shrews of different chromosome
races (pg/g dry wt + S.D.). There were no significant differences between the trace element concentration of
juvenile shrews caught in 1988 and 1989 and therefore the results for both years have been combined to
simplify presentation of the data. *- values are significantly different from the other three groups of adults at p <
0.05 (Duncan’s multiple range test); *- values are significantly different from race-matched adult at p < 0.05
(Student’s t-test).

Adults Juveniles

Uim race Race Il Race IV Hybrids 11/1V Race Il Race IV Hybrids 11/1V

Organ n=15 n=19 n=20 n=20 n=19 n=13 n=26
Copper (Cu)
Liver 27.4 +3.0* 37.1+5.0 374+53 36.1+4.9 25.0+4.8° 27.1+3.3° 27.6 £3.2°
Kidneys 46.3+5.0 432+5.8 439+6.7 42.8+5.9 36.1+5.8 372+5.0 37.7+4.0
Liver/Kidneys 0.60+0.08* 0.84+0.10 0.86+0.09 0.83+0.11 0.70+0.10 0.74+0.11 0.73+0.10
Zinc (Zn)
Liver 125+ 16 130+ 18 120+ 10 137 £ 14 90 + 16° 89+ 15° 94 +10°
Kidneys 153 + 20 145 + 20 140 = 11 152 + 15 93+ 15° 95 + 14° 100 + 16°
Liver/Kidneys 0.84 +0.11 0.89+0.16 0.90+0.17 0.94+0.11 0.95+0.15 0.93+0.11 0.94+0.10
Iron (Fe)
Liver 1180+170 1200+180 1150+180 1240 = 250 1100+ 170 1200 + 180 1000 + 200
Kidneys 600 + 96 600 + 80 521 + 90 627 + 96 380 + 80° 360 + 85° 350 + 90°
Liver/Kidneys 1.97+0.20 2.00+0.20 226+0.18 2.10+0.20 2.80+0.30° 3.10+0.35° 2.80=x0.32°
Manganese (Mn)
Liver 11.8+2.6 11.4+26 11.5+28 13.1+27 12.0+2.6 11.9+27 129+26
Kidneys 58+1.3 56+15 53+1.7 58+1.8 53+16 52+15 56+1.7
Liver/Kidneys 2.10+0.17 210+0.17 224+025 2.27=+0.21 226+020 225+0.24 2.30+0.20
Cadmium (Cd)

Liver 0.93+0.50* 1.85+055 1.73+0.50 2.06+0.85
Kidneys 2.00+0.75* 4.00+1.00 357+087 4.30+1.60
Liver/Kidneys 0.49+0.08 047+0.10 0.50+0.08 0.47 +0.11
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ability in autosome arm combinations. The assump-
tion is supported by the fact that the karyotype of
Ulm race from Wolin differs from that of the other
races (Table 1) and concurrently the liver copper
concentrations of the Ulm shrews are significantly
lower than those of the other races inhabiting
Mazurian region (Table 2). One may conclude,
however, that this difference may have been due to
a variation in copper content of shrews’ food in
Mazurian region and on Wolin island. But even if
the latter possibility is true, a question arises as to
why the kidney copper concentration of the Ulm
shrews tended to increase above the level of the
Mazurian shrews (Table 2). In addition, it has been
found, at least in bank voles, that any changes in
both liver and kidney copper concentrations follow
closely those of dietary copper (Wlostowski et al.
1988). Therefore, it may be supposed that the dis-
tinct distribution of copper between liver and kid-
neys of the Ulm shrews may have been owing to
another cause. It is worth noting that the situation
we observed in the Ulm race bears a resemblance to
that of the X-chromosome-linked mouse mutations
of copper metabolism, namely brindled and blotchy
(Prohaska 1986, 1988, Shiraishi et al. 1991). In
both cases copper leaves certain organs, such as
liver where it should stay and accumulates exces-
sively in others such as kidneys and intestine. How-
ever, the hemizygote mice (br/y) die at about two
weeks of age and do not attain an adult age as do
our male shrews of the Ulm race. This strongly
suggests that other locus (loci), if any, may be
involved in the changes of copper metabolism in
the Ulm race of adult common shrews.

Nederbragt et al. (1987) pointed out that, in
addition to animal mutants, a comparison of strain
differences in tissue copper concentration may be a
suitable animal model for elucidating various as-
pects of copper metabolism. In this context the Ulm
race of common shrews is worth studying in the
future, especially in laboratory conditions.

The common shrews appeared to be a useful
bioindicator of heavy metal pollution (Pankakoski
et al. 1994). Our results indicate that regardless of
chromosome race these animals can be used for
studies on environmental pollution with cadmium,
zinc, iron and manganese, but a care should be taken
into consideration when comparing copper levels.
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