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The biological interaction among specific 
nutrients is an accepted phenomenon (1). 
The importance of trace element interaction 
in eukaryotic cells lies in the belief that trace 
element antagonism arises from competition 
for active protein-binding sites ( 2 ) .  The met- 
abolic relationship of specific trace elements 
to selenium is the main interest of our 
studies. 

Experiments were carried out to investigate 
the metabolic interrelationship between se- 
lenium and sodium tellurate ( Te6+),  sodium 
arsenate ( As5 + ) , cadmium chloride ( Cd2+ ) , 
zinc chloride (Zn2+),  sodium sulfite (S4+)  
and sodium sulfate ( S 6 f ) .  The pattern in the 
distribution and excretion of selenium in the 
presence of the above-mentioned trace ele- 
ments varied from one to the other. Evidence 
indicates that there is a t  the site of injection 
a reaction between selenium and zinc or 
cadmium, but not between selenium and ar- 
senic or tellurium. I t  appears that selenium 
prevents arsenic and tellurium from reaching 
target tissues. 

Methods. Male rats weighing 100-150 g 
were used. Sodium tellurate (Te6+),  sodium 
arsenate ( As5 + ) , cadmium chloride ( Cd2 + ) , 
and zinc chloride ( Zn2+) were injected subcu- 
taneously either as mixture with 75Se in the 
abdomen a t  one site, or the two trace ele- 
ments were injected separately a t  two sites. 
The technique of injecting pairs of trace ele- 
ments either as a mixture with 75Se a t  one 
site or separately at  two sites has enabled us 
to observe if there was a reaction between the 
pairs of trace elements. All chemicals were 
reagent grade quality. Sulfite and sulfate 
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were injected as a mixture with selenium at  
one site. All of the animals were injected with 
a single dose of 75Se032- containing from 20 
to 40 pCi of radioactive selenium and suffi- 
cient nonradioactive Se032- to equal 4.5 mg 
Se/kg of body weight. Following injection, 
the animal was placed in a glass metabolism 
cage2 for 24 hr for the collection of urine, 
feces, and respiratory selenium. The reason 
for including the respiratory excretion of voI- 
atile selenium is because it is a very sensi- 
tive indicator of selenium metabolism. 
Procedures and methods used for the deter- 
mination of the respiratory excretion of se- 
lenium and radioactivity have been described 
( 3 ) .  .The animals were decapitated a t  24 hr 
and the tissues were assayed for 75Se along 
with the urine, feces, and the exhaled air. 
The results are expressed as radioactivity per 
g tissue weight. Exhaled air, urine, blood, 
and feces are expressed as percentage of the 
dose administered. I t  was assumed that the 
amount of 75Se present a t  a particular time 
in the experiment in each compartment was 
proportional to the amount of 75Se adminis- 
tered. This fraction (percentage of dose or 
counts per minute per g) was used as the 
dependent variable. The method of least 
squares was employed to predict percentage 
of dose or counts per minute per g from the 
concentration of Zn, Cd, Te or As. The sig- 
nificance of the deviation from the calculated 
line as an indication of the amount present 
in any one compartment with the change in 
the dose was estimated. Values of P: 
0.01-0.05 were accepted as significant. 

Results. Zinc. The administration of zinc 
chloride in molar ratios with selenium 
(Se/Zn) from 1:1 to 1:12 with single but not 

2 Delmar Scientific Laboratories, Inc., Maywood, 
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with two injections caused a progressive de- 
crease in the blood, urine and respiratory 
excretion of 75Se. There was a decrease in the 
fecal content of 75Se with increases of zinc 
administration (Fig. 1). The liver, kidney, 
and large and small intestine showed a sig- 
nificant increase with the single injection 
(Table I). The total hide with a single injec- 
tion but not with the two injections showed a 
significant increase in 75Se content. This 
effect was not found in the entire hide itself 
but in the area of injection (i.e.> hide and 
muscle) which indicated that there was prob- 
ably a reaction between selenium and zinc 
and not selenium and tissues which caused 
75Se to remain at the site of injection. 

Cadmium. The administration of cadmium 
chloride in molar ratios with selenium 

EFFECTS OF VARIOUS TRACE ELEMENTS ON SELENIUM METABOLISM 

(ZnCI , )  
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FIG. 1. Percentage of the 75Se032- dose adminis- 
tered, 24 hr after injection, in the exhaled air, urine, 
whole blood, and feces of rats is shown in relation 
to the various molar ratios of selenium to Zn, Cd, Te, 
and As. The amount of 75Se in each compartment 
was assumed to be proportional to the amount of 
T e  administered. With this fraction as the depen- 
dent variable, the method of least squares was em- 
ployed to predict percentage of dose from the con- 
centration of the various trace elements. P-0.01 to 

(Se/Cd) from 1:O.S to 1:4 with single but 
not with two injections caused a progressive 
decrease in the blood, urine, and respiratory 
excretion of 75Se (Fig. 1).  With both single 
and double injections the liver 75Se content 
increased with the Cd dose (Table I ) .  If 
selenium leaves the site of injection and en- 
ters the circulatory system, it tends to ac- 
cumulate in the liver where perhaps a com- 
plex with cadmium is formed and deposited. 
In the hide with single injection, but not with 
the two injections, there was an increase in 
75Se content in the area (hide and muscle) 
of the injection. 75Se combines or complexes 
with cadmium and remains at  the site of the 
injection. 

Tellurium. Sodium tellurate in molar ratios 
with selenium (Se/Te) from 1: 1 to 1: 10 in 
both single and two injections caused a slight 
but progressive decrease in the respiratory ex- 
cretion of 75Se. In  both modes of injections, 
there was a decrease in the selenium content in 
the urine and blood and a slight increase in the 
fecal content with increase in tellurium ad- 
ministration (Fig. 1). There was an increase 
in the 75Se content in the liver, kidney, 
spleen, and testes, but not in the hide with 
increase in tellurium administration (Table 
I ) .  There was no significant increase a t  the 
site of injection of 75Se by either method. 
There was no evidence of complex formation 
between selenium and tellurium. 

Arsenic. Sodium arsenate in molar ratios 
with selenium (SeJAs) from 1:l to 1:s 
definitely caused a progressive decrease in 
the respiratory excretion of 75Se whether the 
trace elements were administered together or 
separately, which is similar to tellurium (Fig. 
1).  Arsenic caused a reduction in the forma- 
tion of volatile selenium probably by the 
complexing of administered selenium. Arsenic 
is excreted principally via the G.I. (gastro- 
intestinal) tract (Table I). In experi- 
ments, where there were single and two injec- 
tions, i t  was found that the selenium content 
of the stomach, and of the G.I. tract contents 
increased with an increase in arsenic adminis- 
tration. With increase in arsenic administra- 
tion, the selenium content of the kidneys 
increased while that of the blood decreased in 

P-0.05 values were accepted as signifilcant. both single and two injections. Our results con- 
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firm those of Ganther and Baumann (4) and 
Parizek ( 5 ,  6)  that the administration of 
cadmium decreased the excretory selenium 
via the G.I. tract, urine and respiratory tract 
while arsenic caused an increase in the excre- 
tion of selenium via the G.I. tract. 

Sulfur. The administration of single injec- 
tions of sodium sulfite in molar ratios with 
selenium (Se/S) from 1 : l  to 1:5 and sulfate 
1:l  to 1:48 caused no significant change in 
the metabolism of selenium due to the 
presence of sulfur compounds. 

Discussion. Selenium can prevent the se- 
lective and highly lethal effects of cadmium 
on the gonads, placenta, and mammary 
glands of the rat. It causes a decrease in the 
transmission of cadmium or bivalent mercury 
from the maternal organism into the fetus, 
the milk, and the pups, by increasing the 
retention of cadmium or bivalent mercury 
( 7 ) .  Conversely, mercury or cadmium have 
analogous effects on the passage of selenium 
from the maternal organism to the fetus, 
milk, and sucklings. I t  is believed that seleni- 
um reacts with cadmium or mercury in the 
organism in such a way to alter the biological 
effects of these metals, as well as change the 
distrilbution of selenium in the organism. Par- 
izek ( 7 )  has discussed the detoxifying effects 
of selenium in relation to selenium as an 
essential nutrient. 

In our studies the over-all effect of zinc on 
selenium metabolism was that when Se and 
Zn were administered as a mixture, part of 
selenium remained a t  the site of injection. 
This caused a decrease in the amount of 
selenium metabolized which was reflected in 
the respiratory excretion, blood, and urine 
content. With two injections, a larger amount 
of selenium was metabolized, the normal res- 
piratory excretion taking place with a signifi- 
cant increased excretion via the G.I. tract. 
Zinc caused no significant increased deposi- 
tion of selenium either in the liver or kid- 
neys. The increase in 75Se content in the 
carcass was probably due to the increase at  
the site of injection in the single-injection 
experiments. Contrary to our findings, Par- 
izek was unable to detect any effect of 
equimolar concentrations of zinc on selenium 
metabolism ( 6 ) .  

With a single injection of cadmium, less 

75Se reached the circulation but remained at 
the site of injection. That which reached the 
blood stream was deposited in the tissues, 
and the ability to form volatile selenium 
compounds was reduced. 

With tellurium the amount of selenium ex- 
creted in the respiratory gases and urine and 
that present in the blood was reduced while 
there was an increase in 75Se in the liver, 
kidney, muscle and hide. There was no sig- 
nificant difference from the controls in the 
elimination of 75Se by way of the G.I. tract. 

There was no marked difference in the 
quantitative metabolism of selenium between 
the single and two injections of selenium and 
arsenic. With arsenic there was no evidence 
of complexing with selenium at the site of 
injection as was found with cadmium and 
zinc. 

The administration of sodium sulfate or 
sodium sulfite had little or no effect on seleni- 
um exhalation or tissue distribution. 

The findings that both arsenic and telluri- 
um affect the normal metabolism and excre- 
tion of selenium may be explained in part by 
the concept proposed by C.H. Hill (1) that 
trace elements with similar electron struc- 
tures such as Se4+, As3+, and Te4+ will be 
biological antagonists. Changes were brought 
about in the normal pattern of selenium me- 
tabolism by arsenic and tellurium in both the 
single- and two-site injection experiments. In  
the zinc and cadmium experiments, where the 
trace elements have different orbital electron 
distribution from selenium, it was found 
that selenium metabolism was altered only 
when the trace elements were administered as 
a mixture (single injection). Therefore, the 
effect of zinc and cadmium on selenium me- 
tabolism cannot be explained on the basis of 
electron structure. Since the effect of zinc 
and cadmium on selenium metabolism took 
place only with single injections, there ap- 
peared to be a reaction between selenium and 
zinc and cadmium ions, whereas arsenic and 
tellurium affected selenium metabolism by 
preventing selenium perhaps from reaching a 
target tissue or site. 

Condusion. The pattern in the distribution 
and excretion of selenium in the presence of 
other trace elements varied from one trace 
element to the other and with the mode of 
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injection. The precise mechanism by which 
T@+, As5+, C@+, or Zn2+ alter the metabo- 
lism of Se4 is not known. Whether the result- 

Amer. SOC. Exp. Biol. 29, 1474 (1970). 
2.  Evans, G. M., Maynes, P. F., and Comatzer, 

W. E., Biochem. Biophys. Res. Commun. 40, 1142 
ing effect between two trace elements is due 
to competition for an active site on a biologi- 
cally active compound, or competition for an 
active transport carrier across a cell mem- 
brane, or masking by complexing remains a 
matter of pure speculation. It has been shown 
that certain trace elements have a significant 
effect on the normal metabolism and excre- 
tion of selenium. Evidence suggests that there 
is a reaction between selenium and zinc and 
cadmium, while selenium appears to prevent 
arsenic and tellurium from reaching target 
tissues. 
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