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Abstract 

Uptake and distribution of various trace elements in the 
Se-deficient rats (I) and (II) were examined by the 
multitracer technique, which can be used to evaluate the 
behavior of many elements under the same experimental 
condition. Wistar male rats born to Se-deficient darm were 
fed with Se-deficient diet for 12 weeks after birth to make 
them Se-deficient rats (I). And male rats were fed with Se­
deficient diet for 8 weeks to make them Se-deficient rats (II). 
The multitracer solution was injected intravenously into 
each rat. These rats were sacrificed at several times after 
injection, and the radioactivity in their organs was measured 
using high-purity Ge detectors. The uptake of Se was 
higher in the brain of the Se-deficient rats (I) and (II) than in 
that of the control ones. The uptake of Se was higher in the 
testicles of the Se-deficient rats (II) than in that of the 
control ones. The uptake of As, Fe, and Sc was larger in the 
liver of the Se-deficient rats (I) than in that of the Se­
deficient (II) and control ones. 

1 Introduction 

Selenium is an essential and a poisonous element to 
mammals, which means administration of Se compounds 
has a narrow margin of safety between therapeutic and toxic 
doses [1]. A number of studies on the role of Se in 
biochemistry are found in literature: selenium is known as 
the central element of glutathione peroxidase [2]. Thirteen 
Se-containing proteins (molecular weights from 12,100 to 
75,400) have been found in organs of rats [1]. The binding 
of selenite to plasma proteins and the role of erythrocytes 
have been studied [3,4]. In rats and human, at least two Se­
binding proteins, in which selenite is not incorporated, are 
present in plasma. It is well known that Hg poisoning is 
inactivated by some effect of Se [5]. Other than this, it is 
reported that Se is in a competitive or synergetic 
relationship with several elements such as Cd, Zn, Co, Ag, 
and Au [6-8]. Therefore, it is expected that distributions of 
other trace elements in various organs are also influenced 
by the amount of Se fed to the mammals. However, no 
systematic study has been reported on the behavior of trace 
elements in Se-deficient rats. This paper describes the 
uptake and distribution of trace elements in two types of Se­
deficient rats examined by the multitracer technique. This 
technique is useful to evaluate the behavior of many 
elements under the identical experimental condition [9]. In 
this investigation, rats bred on Se-deficient diet from the 
fetal period were used as Se-deficient rats (I). Se-deficient 
rats (II) were fed on Se-deficient diet from the weanling 
period. 

2 Experimental 

2.1 Preparation of a multitracer solution 

Multitracer solutions containing various kinds of 
radionuclides were prepared from an Ag target irradiated 
with 12C, 14N, or 160 beam of 135 MeV/nucleon from 
RIKEN Ring Cyclotron. The irradiated Ag target was 
dissolved in (1: 1) HN03. Then Ag was precipitated as 
AgCI with cone. HCl and the AgCI was filtered out. The 
solution was evaporated to dryness under reduced pressure. 
The residue was dissolved in a physiological saline solution. 

2.2 Animals 

Wistar male rats of 12-week-old were used in the 
present study. 

Se-deficient rats (I): Wistar dam rats had been fed with 
Se-deficient diet (produced by Oriental Yeast Co., LTD., 
Japan) since their 14th day of pregnancy until the weaning 
period of their baby rats. The male rats were ablactated 
from their dams, and were fed with Se-deficient diet until 
the age of 12 weeks. These male rats were used as Se­
deficient rats (1). 

Se-deficient rats (II): Wistar male rats (4 weeks old) 
were fed with Se-deficient diet for 8 weeks to make them 
Se-deficient rats (II). 

Control rats: Four-week-old male rats were fed with Se­
deficient diet added with 0.2 ppm of Se (adequate level of 
Se for normal growth) for 8 weeks and used as control rats. 

2.3 Administration of the multitracer 

A tenth ml of saline solution containing the multitracer 
was injected intravenously into each rat. The Se-deficient 
(1), (II), and control rats were sacrificed at 72 hours after 
injection, and the radioactivity of their organs, tissues and 
blood was measured using high-purity Ge detectors. The 
observed y-rays were assigned to each nuclide on the basis 
of its energy and half-life. The behavior of Be, Na, Ca, Sc, 
V, Cr, Mn, Fe, Co, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Tc, Ru, 
and Rh was examined. 

3 Results and Discussion 

Influences exerted by Se-deficiency were observed on 
the behavior of Se, As, Fe, and Sc in various organs. Figure 
1 shows the uptake of Se in the brain, the testicles, and the 
liver of the Se-deficient (I), (II), and control rats. The 
uptake of Se was higher in the brain of the Se-deficient rats 
(I) and (II) than in that of the control ones. On the other 
hand, the uptake of Se in the testicles was higher for the Se- · 
deficient rats (II) only compared with that for the control 
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Fig. 1 Uptake of Se in the brain, testicles, and liver of the 
Se-deficient (1), (II), and control rats. 

ones. And, there was almost no influence on the uptake of 
Se in the testicles of the Se-deficient rats (1). In the liver, 
the uptake of Se in the control rats was the highest among 
the three types, and that in the Se-deficient rats (I) was the 
lowest. For control rats, the uptake of Se in the liver was 
much larger than that in the brain and the testicles (Fig.l ). 
For Se-deficient rats (II), the uptake in the brain and the 
testicles was larger than that in the liver. It is reported that 
Se fed to Se-deficient rats is absorbed preferentially in 
organs such as the brain and the testicles. It is considered 
that the results described above are attributed to this reason. 
Against this idea, however, the uptake in the testicles of Se­
deficient rats (I) was smaller than that of Se-deficient rats 
(II), while almost comparative uptake was observed for the 
brain. Only a limited number of investigations, in which 
rats in so severe Se-deficient state as Se-deficient rats (I) 
were used, has been reported. The spermatozoa formation 
is the only one function, to our knowledge, which is so 
sensitive that Se-deficient state from the early stage of 
pregnancy makes the development of the function 
impossible. The decrease of the uptake of Se in the testicle 
of rats (I) is, therefore, considered to be related to this fact. 

Larger uptake was observed for As, Fe, and Sc in Se­
deficient rats (I) compared with that in Se-deficient rats (II) 
and control rats (Fig. 2). Selenium is known to enhance As 
excretion into the bile in rats [ 1 0-12]. The observed 
increase in As uptake suggests that the bile excretion of As 
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Uptake of As, Fe, and Sc in the liver of theSe-
deficient (I), (II), and control rats. 

was decreased by the severe Se-deficiency. The increase of 
Fe uptake in the liver suggests an increase of Fe-binding 
proteins, such as ferritin or catalase in the liver. One of the 
reasons for the similar behavior between Sc and Fe is 
presumably the similarity of their ionic valence and of their 
ionic radii (0.73A for Sc3+ and 0.64A for Fe3+ [13]). 

4 Conclusion 

Using the multitracer technique, we have revealed 
characteristic effects of Se-deficiency on the uptake 
behavior of several trace elements. Uptake of As, Fe, and 
Sc in the liver of Se-deficient rats (I) was increased with 
time. Selenium is known to be in a competitive or 
synergetic relationship with several metals. From the 
present result on Sc, it was newly elucidated that there is 
also some interaction between those elements and Se. 
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