THE NATURE OF PROTECTIVE ACTION OF SELENIUM
ON CADMIUM-INDUCED DEGENERATION
OF THE RAT TESTIS

by Amiva B. Kar and R. P. Das, Central Drug Research Institute, Lucknow
(Communicated by B. Mukerji, F.N.I.)

(Received July 23, 1962)

The prevention of Cd-induced degeneration of the rat testis by Se is of a
permanent nature. It is possible that Cd is promptly removed from the
body by Se and thereby the testes are spared.

It has been reported that Zn (Parizek 1960; Kar ef al. 1960) and Se
(Kar ef al. 1960) can prevent degenerative changes in the testis of rats caused
by Cd. Gunn et al. (1961) observed that the protection afforded by Zn is
not permanent because, after about eight weeks, the toxic manifestations of Cd
appear in the testis. It is, however, not known whether the antagonistic
effect of Se against Cd is temporary or permanent. Accordingly, an attempt
has been made to examine the nature of protection (temporary or permanent)
provided by Se to the rat testis against the destructive changes evoked by Cd.

MATERTAL AND METHOD

Colony bred albino rats of the Institute weighing 90 to 110 gm were
used in this investigation. The animals were maintained under uniform
laboratory conditions throughont the petiod of study.

The dose of CdCly, and SeO, was 0-02 mMol/kg and 0-04 mMol/kg res-
pectively. A single subcutaneous injection of the salts was given at the
inter-scapular region. In case of conjoint treatment (0-02 mMol/kg CdCl;-f-
0-04 mMol/kg SeO,) the injections were given at different sites. The
control animals received distilled water alone in a similar manner.

The animals were sacrificed at 1, 2, 4, 12 and 24 weeks after administra-
tion of the salts, either alone or in combination. The testes, seminal vesicles
(SV) and the ventral prostate (VP) were dissected out and weighed to the
nearest 0-1 mg. Pieces of these tissues were fixed in Bouin’s fluid and serial
paraffin sections were stained with Ehrlich’s hematoxylin and eosinol. The
fructose concentration of the coagulating glands (CG) was estimated by the
method of Mann (1946).
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REsSULTS

1 week. Cadmium chloride administration caused a significant reduction
in testis weight (v. mormal controls—P < 0-01, Table I) but this was not
the case with SeQ, or combined SeQ,+CdCl;. However, a diminished trend
in weight of the organ was noticed after injection of 8eOs,.

The testis of animals injected with CdCl, showed atrophied condition.
The seminiferous tubules were totally degenerated and the gametogenic
elements were a debris. The tunica propria was disintegrated and the tubuless
lost all semblance of normaley. The histological integrity of the interstitium
was lost, too. However, edema and hemorrhagic changes seen in the carly
stage of Cd action (Kar and Das 1960) were considerably reduced. ~Occasional
fibroblast-like cells were encountered in the interstitium. The tunica albuginea
was somewhat thickened. In contrast, the testis of SeO, treated animals,
given alone or in conjunction with CdCl,, presented typically normal features.

The SV weight tended to be reduced after (dCly, SeO. or combined
treatment but the difference from that of the controls was not statistically
significant. On the other hand, the VP weight was significantly reduced
in all the treated groups (v. mormal controls—P < 0-01, Table I). The
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Fie. 1. Graph showing changes in testis weight after administration of CdCl, and/or SeO,.
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concentration of CG fructose was likewise lowered in CdCl, treated animals
(v. normal controls—P << 0-01) but not in other groups.

2 weeks. The weight of the testis was significantly reduced in CdCl,
treated animals (v. normal controls—P << 0-01, Table I) but this effect was not
seen in other groups.

Histological examination of the testis of CdCl; treated animals showed
degenerated condition of the testis. The totally necrosed tubules were a
mere debris. There was proliferation of fibroblast-like cells under a thickened
tunica albuginea. These cells were seen to migrate to the adjacent interstitial
areas. Some of these cells were undergoing cytomorphosis but very few
Leydig cells were actually present at this stage. Proliferation of new blood-
vessels was also noticed in the interstitium. The testis of CdCl,4-SeQ, treated
animals continued to be normal as before.

The SV weight was significantly reduced after CdCl, or SeO, administra-
tion (v. mormal controls—P < 0-05-0-01, Table I) but this was not the case
after combined treatment with the two salts.

A somewhat similar result was obtained with VP weight and the concen-
tration of QG fructose (Table I).
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4 weeks. Except for a significant reduction in CdCl, treated animals
(v. mormal controls—P << 0-01) the testis weight in other groups remained
virtually within the normal range (Table I).

Histological examination of the testis of CdCl, injected rats showed
marked atrophied condition. The tubules were totally necrosed and defunct
as before. An increased rate of proliferation of fibroblast-like cells under a
thickened tunica albuginea was a consistent feature. Clumps of Leydig cells,
presumably differentiated from fibroblast-like ones, were frequently encoun-
tered in the peripheral interstitial regions. The central portion of the inter-
stitium, however, contained few Leydig cells. There was peritubular deposi-
tion of fibrous tissue but no re-differentiation of tunica propria. The testis of -
SeQq or Se0; -CdCl, treated animals continued to be normal.

The SV weight of CdCl, treated rats was significantly less than that of
the controls (£ < 0-01) but this was not the case with groups injected with
Se0, or CdCl; +SeO; (Table I). The VP weight was likewise reduced in the
CdCly group (v. normal controls—P < 0-01) but in the rest of the groups the
values tended to exceed even those of the controls (P < 0-:05-0-01, Table I).
On the other hand, CG fructose concentration of SeO, or Cd(l,-}SeO,
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injected animals did not differ significantly from that of the controls. In the
CdCly group, however, the concentration of this substance continued to be
less than that of the controls (P < 0-01).

12 weeks. The testis weight was reduced in CdCly group (v. mormal
controls—P << 0-01) but no significant change was evident in others (Table I).

Histologically, the testis of CdCl, treated rats continued to be atrophied
and defunct in so far as the tubules were concerned. The interstitium
presented virtually normal features with large number of Leydig cells. The
peritubular fibrosis was considerably reduced. The testicular histology was
normal in other groups.

The SV weight of CdCl; or SeO; treated rats did not differ significantly
from that of the controls (Table I) but in the combined treated group the
weight of this organ was significantly less (v. mormal controls—P < 0-05).
A somewhat different pattern was noticed with respect to VP weight which
registered no significant change in CdCl, or the conjoint groups ; a significant
reduction in weight was seen only in SeO, treated animals (v. normal controls—
P < 0-05). The fructose concentration of the CG of the treated groups did
not differ significantly from that of the controls (Table I).
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24 weeks. The weight of the testis was significantly less in CdCl, group
(v. normal controls—P << 0-01, Table I) but not in others.

The testis of CdCl, treated rats was found to be degenerated and defunct
with respect to the seminiferous tubules ag in the 12 weeks group. However,
the histological features of the interstitium were normal with the presence of
healthy and active Leydig cells. Peritubular fibrosis was absent. In other
groups, the histological picture of the testis was normal.

The SV weight of CdCl; injected rats was less than that of normal con-
trols (P << 0-01) but did not differ significantly from CdCly+SeO, group
(Table I). There was no significant difference between the groups with regard
to VP weight. CG fructose concentration was significantly less in the SeQ,
group (v. normal controls—P < 0-05) but higher in CdCl, +4-SeQ, injected rats
(v. normal or CdCly groups—P < 0-05).

Discussion

The results of the present study indicate that the protection afforded by
SeQ, to the rat testis is of a permanent nature; the degenerative changes
evoked by CdCl, do not appear, at least during the ensuing 24-week period,
from the combined administration of the two salts. It may be recalled that
an analogous effect of Zn is only temporary because, after about 8 weeks,
the toxic manifestations of Cd reappear in the testis (Gunn ef al. 1961),

The mechanism suggested for the protective action of Zn and Se on the
testis requires re-examination in the light of Gunn et al’s (1961) report.
Parizek (1960) postulated that Cd acts by displacement of Zn from the sper-
matogenic epithelium. His view is based on earlier observations of Mawson
et al. (1955) and Elcoate et al. (1955) that Zn is a vital constituent of the
spermatogenic epithelium and as such it is essentially involved in spermato-
genesis. In point of fact, an inadequate nutritional uptake of Zn has been
shown to cause degeneration of the seminiferous tubules (Elcoate ef ak 1955).
Further, the close physicochemical similarity between Zn and Cd is considered
as an additional evidence for their competitive antagonism in the testis
(Parizek 1960).

Gunn et al.’s (1960) explanation for the temporary nature of protection
provided by Zn to the testis is based primarily on above grounds. The recent
observation that rodent tissues confuse Cd for Zn and that the body level
of only the latter is homeostatically controlled (Cotzias and Selleck 1960;
Cotzias et al. 1961a) have also been invoked by Gunn et al. (1961). It is
believed that after injection of CdCl, plus a large ‘protective’ dose of ZnCly
or Zn(CH3CO0),, 80 to 200 times the dose of Cd(ly on equimolar basis
(see Parizek 1960), the body level of Zn is gradually diminished via excretion
through homeostatic regulatory mechanisms. This leads to eventual lowering
of Zn: Cd ratio below that necessary for full protection, and the toxic
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manifestations reappear in the testis. This explanation conveys the obvious
impression that after combined administration, Zn is gradually excreted from the
body but Cd is retained in sufficient amounts to destroy the testis. In point of
fact, Cotzias ef al. (19610) have actually demonstrated that Cd!%® is retained
in the soft tissues of the mouse with negligible total body turnover and
excretion. Metabolic challenge with stable carrier Cd or Zn has no effect on
Cd'%® retained in tissnes. The analogy with certain bone-seeking radio-
isotopes is worth noting even though Cdi% is concentrated in non-osseous
soft tissues.

The situation is somewhat different with Se because it is not known
whether it is normally present in the spermatogenic epithelium. Nevertheless,
Se is currently considered as a normal microconstituent of body tissues
in rats and ruminants with significant and characteristic turnover rates
(Blincoe 1960). If it is assumed that Se is present in the tubules and plays
an important role in spermatogenesis, it would then appear that Cd produces
a state of Se-deficiency in the testis by displacing it (Se) from the spermato-
genic epithelium. Exogenous Se administered in conjunction with Cd would
prevent this deficiency (by analogy with Zn) and thereby protect the semini-
ferous epithelium (see Kar et al. 1960 However, such an assumption does
not explain the permanent nature of protection afforded by Se to the testis.
Being a normal microconstituent of the body, level of any exogenously ad-
ministered Se is expected to be diminished through homeostatic regulation,
and leading eventually to the appearance of toxic manifestations in the testis
in the manner envisaged for Zn (Gunn et al. 1961). But, again, the facts
weigh against such a possibility. On the other hand, the previous view that
Se antagonizes Cd at a site other than the testis (circulation ?) seems more
plausible (Kar et al. 1960). 1t is conceivable that either Se does not permit
Cd to reach the testis at all (from circulation ?) or only minute quantities of
Cd, otherwise non-toxic, reach this organ in presence of Se. 1t can further be
conjectured that Se somehow prevents dislodgement of the testieular Zn store
by Cd. Admittedly, none of these arguments can satisfactorily explain the
intriguing nature of protective action of Se against Cd induced degeneration
of the rat testis. Further studies alone can elucidate this point.
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