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Cerium, a lanthanide, is the most abundant rare earth
element present in monazite and is biologically active.
It has been postulated that cerium toxicity in
conjunction with magnesium deficiency causes tropical
endomyocardial fibrosis, a restrictive human
cardiomyopathy (Valiathan et al. 1989 ; Valiathan and
Kartha 1990). Generally, lanthanides are known to be
poorly absorbed (Durbin et al. 1956; Evans 1990). The
present study was carried out to ascertain whether
magnesium deficiency promotes accumulation of cerium in
various organs of rats.

MATERIALS AND METHODS. Magnesium-deficient and
magnesium sufficient diets were purchased from Zeigler
Bros, USA. Magnesium-sufficient and deficient diets
contained 0.515% and 0.008% of magnesium, respectively
(Anonymous 1977). A magnesium-restricted diet was
prepared in the laboratory by adding the required
amount of magnesium sulphate to powdered magnesium-
deficient diet. This diet contained 0.012% of
magnesium. Diets containing cerium were prepared by
adding cerium sulphate [Ce(SO4) 2. 4 H2O ] (E-Merck,
Germany) to provide a concentration of 35 ppm. Ce
levels in the diet were determined and the homogeneity
was confirmed in the re-pelleted diet. The diets were
fed ad libitum.

Thirty six, one month old CFY/NIN albino rats (initial
weight 58.1 ± 3.4g; male:female = 1:l) were randomly
distributed into four experimental groups (A,B,C & D)
following a 2 x 2 factorial design.

Animals in two groups (A & B) were given a magnesium-
sufficient diet containing 0.515% magnesium while
animals in other two groups (C & D) were given the
magnesium-deficient diet containing 0.008% of
magnesium. After a month, in order to prevent mortality
due to acute magnesium deficiency, the diet of animals
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Figure 1. Magnesium levels in bone from rats of
different experimental groups.

in group C & D was substituted with Mg restricted diet
containing 0.12% of magnesium. This level was derived
on the basis of earlier studies where viability could
be maintained by giving a minimal amount of magnesium.
The diets of rats in groups B and D also contained
cerium (35 ppm).

The animals were monitored during the experimental
period. Their body weight as well as food and water
intake were regularly recorded. Symptoms of toxicity,
if any, were also recorded. Dead animals were
autopsied. After 3 months, before the termination of
the experiment, the rats were weighed. Animals in all
the 4 groups were sacrificed, their heart, lung,
kidney, skeletal muscle, liver and bone (femur) were
removed, weighed and dried.

A part of the tissue was digested with concentrated
HNO3 and HClO4 and magnesium was determined by atomic
absorption spectometry (International Laboratory IL
551, USA). The remaining part of the dried tissue was
used for determining its cerium content. Cerium
analysis was carried out by neutron activation
analysis. Details of both the analyses in tissues and
diets are described elsewhere (Valiathan et al. 1989;
Valiathan et al. 1986).

The results were evaluated by analysis of variance
(ANOVA) using computer programmed MINITAB release 5.1
(SPSS Inc., USA) ). To compare between the two groups,
the Mann-Whitney U-test was employed. The results were
considered significant when p was <0.05.

RESULTS AND DISCUSSION. The animals fed a magnesium-
deficient diet (Groups C and D) developed classical
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signs of magnesium deficiency after two weeks. They had
alopecia, yellowish discolouration of skin and a
peculiar unpleasant odour. After one month on the
magnesium-restricted diet, these symptoms of magnesium
deficiency disappeared. There was no significant
difference in the body weight or the heart:body weight
ratio of rats from the four groups.

Figure 2. Cerium levels in various tissues from rats
of different experimental groups.

Figure 1 shows the levels of magnesium in the bone of
the animals. A significant decrease in magnesium levels
in the bone was observed in animals fed the magnesium-
deficient diet. No significant difference in Mg levels
was observed in the tissues in animals from the 4
groups.

Figure 2 shows cerium levels in different tissues.
Cerium accumulated in all the tissues of animals in
Groups B and D. Bone accumulated maximum cerium. In
group D, levels of cerium in the bone, kidney and heart
were significantly higher as compared to Group B.

There is increasing interest in the toxicology of
cerium since the element is widely used in modern
industry as in petrochemicals, metallurgy, television
and optics (Evans 1990). Pneumoconiosis is an
occupational hazard resulting from inhalation of air
containing cerium particles (Vocatura et al. 1983).
Recently, we have reported the presence of cerium in
the heart tissue of patients with endomyocardial
fibrosis, a restrictive human cardiomyopathy prevalent
in the tropics. Based on elemental analysis of the
diseased cardiac tissue, it was hypothesised that
endomyocardial fibrosis is possibly the cardiac
expression of a synergestic effect of magnesium
deficiency and cerium toxicity (Valiathan and Kartha

180



1990). Studies conducted out in this laboratory raised
the possibility that cerium mimic the functional effect
of magnesium (Shivakumar et al. 1989). Further, very
low levels of cerium (100 nM) have been shown to
increase collagen synthesis in cardiac fibroblasts in
vitro (Shivakumar et al. 1992). Interestingly, cerium
toxicity to myocardial cells is enhanced by magnesium
deficiency (Shivakumar and Nair 1991). The present
experiment was to ascertain the role of magnesium
deficiency in the accumulation of cerium in the
tissues.

Magnesium deficiency in rats was produced by feeding
them a magnesium-restricted diet. The signs of
magnesium deficiency observed in the rats were as
described by earlier workers (Watchorn and McCance
1937; Kubena et al. 1988). In our earlier studies, it
was observed that rats did not survive if acute
magnesium deficiency persisted (unpublished
observations). To overcome this difficulty, after
feeding the rats a magnesium-deficient diet for a
month, they were maintained on a magnesium-restricted
diet during the rest of the experimental period. Though
the external signs of magnesium deficieny were not
noticeable following the change of diet, magnesium
level in the bone shows that animals in Groups C & D
had developed chronic magnesium deficiency. Magnesium
levels in bone were significantly lower (p<0.05) in
these groups as compared to the groups fed the
magnesium-sufficient diet. Since bone is the primary
repertoire of magnesium in the body (Aikawa 1981), it
is sensitive to changes in availability and, during
magnesium deficiency conditions, magnesium is mobilized
from bone to maintain homeostasis.

The results showed that among the animal groups fed
cerium-adulterated diets, the tissues level of cerium
were significantly higher in magnesium-deficient group
than in the magnesium-sufficient group (Fig 2). Gastro-
intestinal absorption of cerium is shown to be poor in
all mammalian species studied (Durbin et al. 1956;
Evans 1990). However, it is reported that absorption of
cerium is greater in younger animals and in dietary
deficiencies of calcium, phosphorus and vitamin A
(Venugopal and Luckey 1978).The mechanism by which
magnesium deficiency may promote accumulation of cerium
in the tissues is not clear. However, magnesium
deficiency has been shown to enhance membrane
permeability (Gunther 1990), which may result in
increased uptake by absorptive surfaces of the gut.
Moreover, magnesium deficiency is known to cause
histologic lesions in kidneys (Seelig 1980) which can
impair excretion of cerium from the body.
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