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Summary. It is known that the selective injurious effect of cadmium on
the testis can be prevented by zinc, cysteine or selenium. Studies, con-
ducted in CD-1 mice, were initiated to determine whether any of these
treatments offered protection by preventing cadmium from reaching
the testis in doses sufficient to cause injury. Using cadmium chloride,
labelled with 109Cd, it was shown that none of these protective agents
decreased the amount of cadmium reaching the testis. Zinc acetate
evoked no significant changes, cysteine brought about a slight enhance-
ment of cadmium level but selenium dioxide produced a marked and
prolonged elevation ofcadmium uptake by the testis. Comparable studies
in which selenium, rather than cadmium, was labelled (75Se) demon-
strated that, in the presence of cadmium, selenium levels were augmen-
ted. Possible mechanisms are discussed to explain the diverse means of
protection offered by zinc, cysteine and selenium. Since the site of cad-
mium-induced testicular injury has been pin-pointed at its vasculature,
it is suggested that these protective agents exert their action at the
vascular level.

INTRODUCTION
In a report by Pafízek (1957) it was revealed that the acute toxicity ofcadmium
to the testis of rats and mice could be prevented by zinc, an observation which
has since been confirmed in other laboratories (Kar, Das & Mukerji, 1960;
Gunn, Gould & Anderson, 1961; Mason, Young & Brown, 1964). The testis
was not protected by treatment with other cations such as sodium, calcium or

copper (Parizek, 1957) but Kar et al. (1960), and later Mason et al. (1964),
showed that the metalloid, selenium, was even more efficient than zinc in its
prevention of cadmium-induced testicular damage. In a recent publication
(Gunn, Gould & Anderson, 1966) we demonstrated that in the presence of the
thiols, cysteine, dimercaptopropanol (bal) and, to a lesser extent, glutathione,
the testis also escaped injury from cadmium. This raised the interesting ques¬
tion ofhow protection might be offered by this diversity ofchemicals and formed
the basis for the following investigations.
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This study concerns the distribution of a labelled necrotizing dose of cadmium

to mouse testis and how it is influenced by the protective agents, zinc, cysteine
and selenium. In order to understand the protective mechanism of selenium
better, the experimental procedure also included studies on the radio-active
distribution of the protective dose of selenium to testis and how it is influenced
by the damaging dose of cadmium.

MATERIALS AND METHODS
The experimental animals used in these studies were CD-I male mice pur¬
chased from the Charles River Mouse Farms, Inc., North Wilmington, Massa¬
chusetts. They were 10 to 12 weeks of age, weighing approximately 40 g, at the
beginning of the experimental procedure. A total of 200 mice were used,
housed in experimental sets of five mice/cage.

The radio-active chemicals used were obtained from Nuclear Science &
Engineering Corporation, Pittsburgh, Pennsylvania. 109Cd was supplied with a

specific activity of 2-37 mc/mg, 75Se with a specific activity of 42 mc/mg.
109Cd distribution to testis

This series of experiments was designed to answer the question whether the
protective agents, zinc, cysteine or selenium, prevent cadmium from reaching
the testis in sufficient amounts to cause damage. One group of thirty mice
received 10/ic of 109Cd in a 0-2 ml subcutaneous injection of 0-0024 m cadmium
chloride. This dose of cadmium, 0-012 m-mole/kg, had previously been estab¬
lished as the minimum needed to produce complete testicular necrosis by 7
days.

Three other groups of mice (thirty each) received, in addition to this labelled
necrotizing dose of cadmium, one of the following treatments which had shown
by prior testing to be the minimum needed for complete prevention of testicular
necrosis by cadmium: (a) zinc, 0-3 m-mole/kg, administered in two subcutan¬
eous doses, each 0-2 ml of 0-03 m zinc acetate, one given 24 hr before, the other
simultaneously with cadmium; (b) cysteine, 6-0 m-mole/kg, administered as a

single 0-8 ml intraperitoneal injection of 0-3 m solution at the same time as

cadmium; and (c) selenium, 0-024 m-mole/kg, administered as a single 0-2 ml
subcutaneous injection of 0-0048 m selenium dioxide simultaneously with cad¬
mium. When given by the subcutaneous route, the injections of protective com¬

pounds were given at a different site from cadmium.
Five mice from each group were killed at varying times ranging from \ hr to

7 days. From each mouse, both testes were removed, placed in a 20-ml counting
tube containing Bouin's fluid for fixation and their radio-active content was
then determined in a well-type scintillation counter. Radio-active uptake in the
testes was expressed as a percentage of administered dose/organ. The mean
values and standard errors of the mean were calculated for the five mice in each
time period. The testes were subsequently processed by routine histological
techniques and examined microscopically.
755e distribution to testis

These studies were initiated to learn more about the distribution of the
protective dose of selenium to the testis and how it is influenced by cadmium.
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One group of forty mice received 1 µ of 75Se in 0-2 ml of 0-0048 m selenium
dioxide, the standard protective dose of selenium. Another group of forty mice
received, in addition, the standard damaging dose of cadmium. Five mice from
each group were killed at varying times from \ hr to 7 days. Testes were pro¬
cessed for radio-active determination and histological examination as described
previously.

RESULTS
105'Cd studies

The distribution pattern of radio-active cadmium to testis, shown in Text-
fig. 1, indicates that approximately 0-08% of the administered dose reached the
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Text-fig. 1. The effect of zinc acetate (0-3 m-mole/kg), cysteine (6-0 m-mole/kg) and sel¬
enium dioxide (0024 m-mole/kg) on the uptake of 109Cd in cadmium chloride (0012
m-mole/kg) by testes of CD-1 male mice.

gonad but that these levels were not attained until 4 hr after injection. The
figure also reveals that none of the protective agents, zinc, cysteine or selenium,
inhibited the amount of cadmium reaching the testis. With zinc treatment,
109Cd uptake was not significantly altered. With cysteine, the amount of
cadmium reaching the testis was actually enhanced, a 38% increase (P< 0-007)
at the earliest time shown, 1 hr, and an 81% increase (P< 0-006) at an earlier
distribution time, i hr, not shown in the figure. The most startling finding,
however, was that in the presence of selenium there was a 150 to 250% increase
(P<0-005) in cadmium uptake by the testis throughout the course of the
experiment. And yet, of all the protectors known, selenium is the most potent,
completely preventing cadmium damage in a dosage ratio of 2:1 (Kar et al.,
1960; Mason étal., 1964).
75'Se studies

The results of these experiments, shown in Text-fig. 2, illustrated that ap¬
proximately 0-16% of the administered dose of selenium reached the testis and
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that this maximum concentration was attained within \ hr following injection.
In the presence of cadmium, this protective dose of selenium was slowed slightly
in its progress to the testis but, by 1 hr after administration, even greater amounts
had reached the gonad. From 4 hr on, there was 60 to 90% greater 75Se level
(P<0-005) in the testes of mice which had been treated with cadmium and
selenium than in mice which received only selenium.

Histological observations
Microscopic study confirmed complete testicular necrosis by 7 days following

cadmium, and normal-appearing testes in mice given cadmium combined
with zinc-, cysteine- or selenium-treatment. There were no morphological
changes in testes of mice administered the protective dose of selenium alone.
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Text-fig. 2. The effect of cadmium chloride (0012 m-mole/kg) on the uptake of 75Se in
selenium dioxide (0-024 m-mole/kg) by testes of CD-I male mice.

DISCUSSION

These experiments reveal that the protective treatments of zinc, cysteine and
selenium do not act by preventing cadmium from reaching the testis. The fact
that zinc does not alter testicular 109Cd uptake, while cysteine and selenium
actually enhance it, indicates that the cadmium reaching the testis is somehow
inactivated.

It is not surprising that zinc can protect against this cadmium injury for
many body tissues are unable to differentiate between the two physico-chemically
similar elements (Cotzias, Borg & Selleck, 1961). Since cysteine, bal and, to a

lesser extent, glutathione have also been found to protect the male gonads
from cadmium (Gunn et al., 1966), the implication of thiols in cadmium injury
cannot be ignored. Zinc-sulphydryl binding is common in nature, cadmium
and zinc are competitive antagonists and the affinity of cadmium for thiols is
well documented.
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Protective mechanisms against cadmium injury 69

Although protection afforded by zinc and thiols may be seemingly reconciled,
the observation that selenium is an even more efficient preventative demanded
further investigation. Kar et al. (1960) had speculated that selenium, like zinc,
may play an essential role in testis with which cadmium interferes and that
administration of excess selenium may merely overcome this deficiency. But it
was shown in the present investigation that the amount of selenium directed to
the testis was actually increased by the presence of cadmium. In view of the
mutual capacity of cadmium and selenium to augment concentrations of each
other in the testis, while at the same time selenium inactivates cadmium, it is
tempting to conjecture that some sort ofbinding exists between the two elements.
The affinity of cadmium for certain sulphydryl groups (Simon, Potts &
Gerard, 1947) and the knowledge that selenium frequently follows the biological
pathway of sulphur (Rosenfeld & Beath, 1964) lends weight to the suggestion
of a cadmium-selenium complex.
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Text-fig. 3. Comparison of the effect of selenium dioxide (0-024 m-mole/kg) on the
uptake of 109Cd in cadmium chloride (0-012 m-mole/kg) and the effect of cadmium
chloride on the uptake of 75Se in selenium dioxide by testes of CD-I male mice.

To elucidate the cadmium and selenium mechanism further, it is interesting
to compare, in composite form (Text-fig. 3), the distribution of these radio¬
active chemicals in the protected testis. Although the level of both elements
initially increases, selenium later leaves while cadmium continues to rise, an

implication that selenium has transported cadmium safely in an inactivated form
away from the vulnerable site to some other locus within the testis where it is
now innocuous.

Cadmium localizes within the endothelial walls of testicular capillaries
(Skold, 1961) and several investigators are now in agreement that the primary
site of cadmium injury to the testis is on its vascular endothelium (Gunn,
Gould & Anderson, 1963; Chiquoine, 1964; Mason, Brown, Young & Nesbit,
1964; Niemi & Kormano, 1965; Waites & Setchell, 1966). It would seem, then,
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that the protective agents are exerting their counteractive effects at the vascular
level. There is considerable evidence that zinc (Strain, 1961; Savlov, Strain &
Huegin, 1962; Strain, Huegin, Lankau, Berliner, McEvoy & Pories, 1964),
thiols (Bennett, 1951; Danielli, Danielli & Mitchell, 1947; Zweifach, 1961),
selenium (Dam & Glavind, 1940; Rosenfeld & Beath, 1964) and cadmium
(Schroeder, 1965; Carroll, 1966) are associated with vascularity or with cir¬
culatory disorders.
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