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ABSTRACT The tissue retention of a submicrogram dose of "SeOj"" was studied over

a 10-week period. Twenty male and 10 female weanling rats were fed a Tonila yeast
diet with no selenium supplementation. Thirty days after the diet was begun, 2 /tCi of
T5Seas HaSeOj (206 Ci/g) was injected into each animal intraperitoneally. Groups of
animals were killed at 3 hours, 1 day, 1, 2, 3, 4, 6, 8 and 10 weeks. The "Se content was

determined for 16 tissues on a percentage of dose per gram basis. The female rats showed
a consistently higher retention in all tissues except the brain, which was the same in
both sexes, and the reproductive organs. Most tissues except the brain, thymus, and
reproductive organs showed a decline in activity from day 1. The brain reached its activ
ity peak at 2 to 3 weeks, and the thymus at 1 to 2 weeks. The testis showed a peak at
2 weeks followed by a peak in the epididymis at 4 weeks. The ovary and uterus showed
steadily declining TOSecontents. The testis-epididymis complex contained 41.8% of the
total body "Se at 3 weeks. Autoradiography was performed on epididymal sperm and
the raSe was seen to be localized to the midpiece of the sperm. J. Nutr. 102: 102-108.
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A recent paper from this laboratory re
ported finding 25.5% of the whole-body
76Se in the testes of rats 35 days after
"SeO32" injection when the animals had
been fed a nonselenium-supplemented
Tonila yeast diet (1). Selenium supple
mentation of the diet resulted in less TSSe
accumulation by the testes. At the same
time, observations were made on other
tissues. Some of these tissues retained less
"Se as dietary selenium was increased and
others retained more.

A literature search revealed that no sys
tematic studies of I5Se distribution in tis
sues had been reported for periods longer
than 96 hours after "Se injection, and that
most had been done at 24 hours3 (2-5 ).
Furthermore, unphysiologic doses of selen
ium were sometimes administered and di
etary selenium sometimes was not known.

The present study is an attempt to deter
mine "Se retention by numerous tissues of
male and female rats over a 10-week pe
riod. The animals were fed a diet of known
low selenium content and received tracer
amounts of selenium in the "Se injections.

METHODS AND MATERIALS

Twenty male and 10 female weanling
albino rats of the Holtzman strain weigh
ing 55 to 65 g were used in this study.*
One day after receipt they were randomly
put into individual stainless steel cages and
provided food and tap water ad libitum.
The Torula yeast diet used in this study
(1) was analyzed fluorimetrically for sele
nium and found to contain 0.004 ppm.5

After consuming the diet 30 days, each
animal was injected intraperitoneally with

i of "Se as H2SeO3 (sp. act. 206 Ci/g)6
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* In conducting the research described In this re
port, the investigators adhered to the "Guide for Lab
oratory Animal Facilities and Care," as promulgated
by the Committee on the Guide for Laboratory Animal
Facilities and Care, of the Institute of Laboratory
Animal Resources, National Academy of Sciences-
National Research Council.

"Analysis was kindly performed by Mr. Barle Cary
of the U. S. Department of Agriculture's Plant, Soil,
and Nutrition Laboratory at Cornell University,
Ithaca, New York using the method of Olson 1909
J. of A.O.A.C. 5Â«:627.IIPurchased from New England Nuclear Corp.,
Boston, Mass.
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Fig. 1 Whole-body retention of 7SSe after in
jection of 75SeO32~in rats fed a Tonila yeast diet.

Each point represents the three animals killed at
that time except the 10-week point which repre
sents the five animals killed then. The regression
coefficient in log units is -0.0002 (^0, P < 0.005).
The standard error of estimate in log units is
0.0588.

in 1 ml of 0.9% NaCl. Male rats weighed
an average of 139 g and females 129 g.

Radioactivity determination of animals,
syringes, and tissues was performed as pre
viously described ( 1 ). Prior to being killed,
the rats were counted to determine the
total amount of T5Se in the body. Tissue
retention of 75Se was calculated both as
percentage of the administered dose and
as percentage of the total body counts re
maining in the animal (whole-body reten
tion) at death. Results are presented as
percentage of the dose, except for table 1
which shows results relative to the whole-
body retention. The half-excretion time of
the "Se in the whole animal was deter
mined graphically.

Two males and one female were killed
at 3 hours, 1 day, 1, 2, 3, 4, 6, and 8 weeks
after injection of the tracer. At 10 weeks
three males and two females were killed.
The rats were anesthetized with ether and

TABLE 1
Percentage of total body "Se in reproductive

organs at sacrifice

Time Ovaries Testes

Testes

Epididymides Epididymides

3hr1
day1
week2
weeks3
weeks4
weeks6

weeks0.30.30.30.30.30.20.21.99.124.529.531.525.423.00.80.30.63.310.314.18.02.79.425.132.841.839.531.9

exsanguinated by drawing blood from the
abdominal aorta. Organs and tissues were
removed, blotted on gauze, weighed, and
counted. Approximately l g of liver and
small intestine and 0.5 g of testis were
counted.

Immediately after removal the testes and
liver were weighed and approximately 2-g
portions placed in ice-cold 0.25 M sucrose.
Homogenates were made with a hand-
operated glass tissue homogenizer, and the
subcellular fractions were separated by dif
ferential centrifugation (6).

Two male rats eating the Torula yeast
diet were injected with 10 /xCi of "SeO32"
and were used for autoradiography to
study "Se incorporation into the sperm.
They were killed 3 weeks after injection
and the epididymides were removed.
Sperm were obtained by making small inci
sions in the epididymis and then applying
light pressure to force them out. The sperm
were washed twice in 10 ml of 0.9% NaCl
and taken up in a drop of 0.9% NaCl.
Smears were made on microscope slides.
The smears were allowed to air-dry and
were then fixed in 10% neutral buffered
formalin. The fixed slides were washed in
running tap water for 5 minutes prior to
dipping in photographic emulsion.7 The
autoradiographs were exposed for 6 weeks,
developed (7) and stained with hema-
toxylin.

RESULTS
A 56-day half-excretion time for "Se was

found in these rats. There was no statis
tically significant difference between the
males and females so both were graphed
together in figure 1 which shows the whole-
body retention of "Se.

Figure 2 shows the retention of "Se by
various tissues. Figures 2A and 2B show
the differences in retention by male and
female animals in the blood and liver. The
ratio of "Se per gram of tissue (RPG) of
female to male varied from 1.3 at 1 day to
2.5 at 10 weeks. This pattern was roughly
the same in all other tissues examined ex
cept the reproductive organs and the brain.
The brain "Se (fig. 2E) was essentially the
same in both males and females, showing
a maximum uptake at 2 to 3 weeks fol-

7 Kodak Nuclear Track Emulsion Type NTB-3 pur
chased from Eastman Kodak Co., Rochester, N. T.
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Fig. 2 Tissue retention of reSe after injection of "SeOa2". Each symbol represents one
animal. Male and female are compared in A, B and E. Animals in C, D, F, G and H are all
males. There were two males and one female at each time studied except 10 weeks when
there were three males and two females.

lowed by the slowest decline of any tissue
studied.

Figure 2C compares cardiac with skeletal
muscle. Cardiac to skeletal muscle RPG
varied from 4.2 at 1 day to 2.9 at 10 weeks.
Figure 2D shows that the stomach to small
intestine RPG was close to 1. Figure 2F
shows the skin and hair to have been losing
75Se while hair was gaining. Figure 2G
shows that the thymus reached a peak up
take at 2 weeks and then declined. The eye
had a relatively small uptake of 75Se. Fig
ure 2H shows that the lung had a rapid
loss between 3 hours and 1 day, followed
by a slower rate of loss. The spleen had a
gradual drop from 3 hours to 10 weeks, and
the kidney had an increase in "Se between

3 hours and 1 day, followed by a gradual
drop.

Figure 3 shows the retention of "Se in
the reproductive organs of the male and
female rats. The testis had a steady uptake
of the "Se reaching a peak of about 8%
of the dose per gram at approximately 2
weeks. A peak of 9% per gram followed at
4 weeks in the epididymis. The ovary
showed a gradual decline in activity from
3 hours to 10 weeks. The uterus had an in
crease between 3 hours and 1 day, then
declined. Table 1 lists values for the ova
ries, testes, epididymides and testes plus
epididymides calculated as percentage of
the total body "Se in those organs. Maxima
for those organs were: ovaries 0.3%, testes
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Fig. 3 Reproductive organ retention of raSe after injecton of 7iSe(V
Each symbol represents one animal.

31.5%, epididymides 14.1%, and testes plus
epididymides 41.8%.

Tissues listed in declining order of 75Se
retention per gram in male animals at 1
day were: kidney, testis, spleen, lung, stom
ach and small intestine, liver, blood, heart,
thymus, brain, epididymis, eye, and quadri
ceps. The relative positions of the tissues
in this list changed as time passed.

Table 2 gives the results of the subcel
lular fractionations of the livers and testes.
The nuclear fraction in the testes showed
an increase in "Se from 3 hours to 1 day
corresponding to a decrease in the soluble
fraction, but the liver did not follow this
pattern. The mitochondria of the testes had
2.3 times the percentage of "Se of those in
the liver, and the liver microsomes had 2.3
times the percentage of "Se of those in the
testes.

Figure 4 is an autoradiograph of epidid-
ymal sperm. It shows the "Se heavily local
ized to the midpiece of the sperm.

DISCUSSION

From the data presented in figure 2, four
parameters of selenium metabolism can be
estimated for each tissue studied. They are:
1 ) percentage of the dose retained, 2 ) time

of peak "Se uptake, 3) net rate of 75Se
loss, and 4) effect of gender on retention.
There would appear to be little profit in
discussing much of this because it would
require pure speculation. However, a few
tissues differ widely from most others and
should be mentioned.

The brain was the only tissue studied
which showed the same retention curve in
males and females. It was expected that
females would have a somewhat higher re
tention in tissues outside the reproductive
tract because of the tremendous concentra
tion of "Se in the testes and epididymides.
Also, the brain retention peaked at 2 to 3
weeks and had the slowest net rate of 75Se
loss of the tissues studiedâ€”much slower
than that of the whole animal. Previous
work has shown that the brain takes up
more of a tracer dose of "Se when very
little selenium is in the diet8 ( 1 ). Thus, the
brain concentrates and retains selenium
very well when little is available, suggest
ing a specific requirement for the element.

The thymus gland had its retention peak
between 1 and 2 weeks but then lost "Se
fairly rapidly. This could be accounted for

8 See footnote 3.
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TABLE 2
Percentage of 7iSe in subcelluiar fractions of testes and liver

Fraction
3

hr
1

day
1

wk
2

wk
3

wk
4

wk wk
8

wk
10
wk Avg

TestesÂ»

HomogenateNuclear
fractionMitochondriaMicrosomesSoluble

fractionPercentage

recovery10026.919.616.839.0102.310054.713.811.718.899.010057.522.39.210.999.910065.717.77.810.1101.310064.116.38.611.3100.310055.620.310.613.7100.210065.418.19.311.7104.510061.216.911.412.6102.110053.920.18.414.196.510060.5b18.8Â»9.3Â»12.

lb101.3LiverÂ»HomogenateNuclear

fractionMitochondriaMicrosomesSoluble

fraction10019.66.226.156.010022.74.722.652.710021.08.120.048.510022.68.718.353.410021.68.519.946.910022.59.721.148.510022.37.820.147.910021.49.621.752.210021.78.920.052.510021.78.021.151.0

Percentage recovery 107.9 102.7 97.6 103.0 96.9 101.8 98.1 104.9 103.1 101.8

Â»Each number is the average of 2 male animala except at 10 weeks 3 were used. b The 3-hour and 1 day fractions were not used
in the average.

by lymphocytes taking up 75Se early in
their development and then leaving the
thymus, causing the drop seen alter 2
weeks.

Cardiac muscle contained more "Se than
did skeletal muscle. This has been reported
before ( 1, 2, 4 ) and the reason for it is not
known, but it may be due to the greater
number of mitochondria in cardiac than in
skeletal muscle since the 75Se is found in
the vicinity of mitochondria in the sperm.
That hair 75Seincreases throughout the ex
periment is most likely due to selenium
incorporation into new hair.

Most investigators have not found high
uptakes of 75Se by the rat testis due to
adequate selenium levels in the diets and
the short time intervals between adminis
tration of the 75Seand sacrifice. McConnell
( 2 ) and Schoental ( 4 ) noted only traces of
75Se in the brain and testis. Hopkins et al.
(3) showed that rats fed a Torula yeast
diet, injected with 0.025 /Â¿gselenium re
tained 6.3% of the dose in the testes 24
hours after injection. Siami has stated that
there is an increased 75Se uptake by the
testes of selenium-deficient rats 24 hours
after injection.9 McCoy and Weswig (8)
showed that second generation male and
female rats fed a Torula yeast diet with
adequate vitamin E were unable to pro
duce young and the males were either
aspermatogenic or had immotile sperm,

with separation of heads from tails. Wu
et al. (9) showed that rats fed selenium-
deficient diets had small testes and few
sperm, most of which were abnormal. The
motility of the sperm improved almost
linearly with increasing dietary selenium.
Rosenfeld and Beath (10) found that 7.5
ppm selenium impaired fertility in female
rats, but males were not affected.

Gunn and co-workers (11, 12) have
studied the incorporation of 75Se into the
spermatogenic pathway of mice and rats.
They showed a peak of 0.3% of the dose
per gram in the testis at 1 week followed
by 0.47% in the caput epididymis at 2
weeks, 0.64% in the corpus epididymis at
3 weeks, and 0.97% in the cauda epidid
ymis at 4 weeks in rats (12). That pattern
is similar to the one shown here. The great
differences in the percentage uptake are
most likely due to the deficient nature of
the diet used in this study.

A similar time pattern is demonstrated
in 65Zn uptake by the male reproductive
organs (12), but 65Zn appears in the epi
didymis earlier than 75Se, indicating that
selenium is incorporated earlier in the sper
matogenic pathway than zinc. Gould ( 13 )
has suggested the T5Se is probably incor
porated into late spermatocytes or early
spermatids.

0 See footnote 3.
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Fig. 4 Autoradipgraph of epididymal sperm from a rat fed a Torula yeast diet. Sperm was collected3 weeks after injection of 10 pCi of "SeOs1".Both photographs are of the same sperm. The left one is
focused on the grains in the photographic emulsion and die right one is focused on the sperm. The
â„¢Seis heavily concentrated in the miopiece.
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The autoradiograph (fig. 4) shows the
75Se concentrated in the midpiece of the
sperm. This may indicate a specific need
for selenium in the mitochondria since they
are found exclusively in the midpiece. The
subcellular fractionation shows that the
mitochondria of the testes contain more
than twice as much "Se as those of the
liver relative to the homogenate. The high
"Se content of the nuclear fraction is likely
due to the presence of some undisrupted
sperm and, indeed, this must be taken into
consideration when all the subcellular frac
tionation results are interpreted.

Data showing impaired reproduction in
rats fed selenium-deficient diets, coupled
with the observation of greater uptake of
75Seby reproductive organs of animals eat
ing these diets and the demonstration that
75Se concentrates heavily in the midpiece
of the sperm, all strongly suggest that sele
nium is essential for spermatogenesis. Lo
calization of selenium to the mitochondrial
area of the sperm and the observation that
sperm from selenium-deficient rats have
poor motility could indicate that selenium
is necessary for energy production in the
sperm. A recent report suggests that ade
quate selenium is required for red cell
glutathione peroxidase activity (14), and
it is possible that selenium is part of this
or some other enzyme in the sperm mito
chondria.
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