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ABSTRACT

A 9 month study was conducted to determine the influence of selenium (Se) injections on
blood and semen Se and glutathione peroxidase (GSII-Px) levels in bulls that were moderately

Se-deficient. The effects of Se injections on semen production and quality were also examined.
Five Holstein bulls were assigned to either a Se or no Se treatment based on their pretreatment

seminal production and quality characteristics. Three bulls were given i.m. injections of 5, 10, 20,

or 40 mg Se as sodium selenite per 90 kg BW at 6, 16, 22, and 28 weeks, respectively, after initia-

tion of the experiment. Two bulls received sham injections at the same times and served as con-

trols. Blood samples were collected weekly from each bull and assayed for GSII-Px and selenium.

Semen was collected 3 times weekly from each bull and assayed for GSII-Px activity in the seminal

plasma. Thirteen weeks after initiation of the experiment, semen from each bull was analyzed

for Se on a weekly basis. Ejaculates from each bull were evaluated for volume, concentration of

spermatozoa, percentage of motile spermatozoa, percentage of intact acrosomes and spermatozoal

morphology immediately postcollection. Post-thaw semen quality was determined from two

ejaculates from each bull per week. Frozen semen was thawed, incubated for 4 h at 37#{176}C,and

spermatozoa were evaluated for post-thaw percentage of motile spermatozoa and percentage of
intact acrosomes.

Selenium injections increased blood Se (P<0.05), blood GSII-Px (P<O.005), semen Se(P<0.06),

and seminal plasma GSII-Px (P<0.05). Blood Se and GSFI-Px did not increase until after the 10mg
injection. Seminal plasma GSH-Px appeared highly sensitive to changes in Se status since enzyme

levels tripled within 48 h following the 5 mg injection. Subsequent increases in seminal plasma

GSII-Px were observed with each Se injection.

Neither postcollection nor post-thaw semen quality was influenced by Se injections.

INTRODUCTION

Recent studies have shown that Se is assoc-

iated with the male reproductive system.

Studies using � Se showed marked uptake of Se

by the testis in rats (Brown and Burk, 1972),

mice (Gunn et al., 1967), and bulls (Smith et

al., 1979). Following a single injection of � Se,

most tissues acquired and then lost the isotope

quickly while the testis continued to accum-

ulate it (Brown and Burk, 1972; Gunn et al.,
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1967). Brown and Burk (1972) reported that

40% of whole-body � Se in the Se-deficient rat

was found in the testis 3 weeks after a single

�7S Se) -selenite injection. After 3 weeks, the

concentration of � Se declined in the testis but

increased in the epididymis suggesting that Se

was incorporated into spermatozoa in the testis.

These results are supported by the work of

Smith et al. (1979) who demonstrated that, in

the bull, � Se retention in the epididymis was

highly correlated (r = 0.92, P<0.01) with

spermatozoal concentration. Smith et al.

(1979) also demonstrated that when ejaculat-

ed bovine spermatozoa were subjected to

repeated freezing and thawing in distilled water,

the Se remained with the spermatozoa, suggest-

ing that Se was tightly bound to the structural

components of the cell. Calvin (1978) has

shown that the flagellum of rat spermatozoa

contain a specific selenopolypeptide which he

termed “selenoflagellin.” He suggested that this
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protein is important in the formation and

function of the flagellum.

In addition to its association with spermato-

zoal protein, Se is also an essential component

of the enzyme glutathione peroxidase (GSH-Px)

(Rotruck et al., 1973). This enzyme is found in

most mammalian tissues where it protects cell

membranes against oxidative damage (Mills and

Randall, 1958). Glutathione peroxidase has also

been found in the semen of rams, dogs, humans,

goats (Li, 1975), and bulls (Brown et al.,

1977; Smith et al., 1979). However, the physio-

logic function of this selenoenzyme in semen

has yet to be determined.

In spite of the fact that Se has been shown

to be associated with the male reproductive

system, no information is available regarding

the levels of blood and semen Se and GSI-l-Px in

bulls. Furthermore, the influence of Sc injec-

tions on semen quality in reproductively active

bulls has not been described. Therefore, the

primary objective of this study was to describe

the changes in blood and semen Se and GSI-l-Px

activity following Se injections in bulls that

were determined to have low blood Se levels

(<0.05 ppm Se). A second objective was to

determine the influence of Se injections on

semen production and spermatozoal quality.

MATERIALS AND METHODS

The experiment was divided into a pre- and post-

treatment period. Bulls were determined to be of

marginal Se status prior to the initiation of the study.
In the pretreatment period, semen was collected from

five holstein bulls (‘\�19 months of age) 3 times

weekly for 5 weeks. Bulls were ranked according to

seminal production and quality so that they could be

assigned to either the Se or no Se treatment. Semen

quality of all bulls was within acceptable limits at the
onset of the experiment. Since semen production and

quality may vary independently among bulls, and

since it was not known which variables (if any) would
be affected by Se. an index which incorporated several

variables was used to rank the bulls. The index was

generated using the following equation:

Index #{176}PIA X 00 Normal Sperm X Total Sperm

where PIA is percentage of intact acrosomes (mean of

post-thaw evaluations at 0, 4, and 8 h), % Normal

Sperm the percent normal spermatozoa as determined

by morphological evaluation, and Total Sperm the

total number of spermatozoa per ejaculate. An index
value for each bull was computed using the overall

mean of each variable from the pretreatment period.

The bull with the highest index value arbitrarily

received the Se treatment. The second- and third-

ranked bulls were randomly assigned to either the Sc

or no Sc treatment, as were the fourth- and fifth-

ranked bulls. Following the pretreatment period, the

three bulls assigned to the Se treatment were injected
i.m. with 5 mg sodium selenite per 90 kg BW. Polysor-

bate was the injection vehicle and control bulls were

given injections of polysorbate only. Because the
first injection did not elicit a blood Se response within

10 weeks, subsequent injections of 10, 20, and 40 mg

sodium selenite per 90 kg BW were administered
at 10, 16, and 22 weeks following the initial injection

to maintain high blood Se levels.
Semen was collected by artificial vagina through-

out the experiment. The collection regimen for all

bulls included the following: one false-mount followed

by 2 mm restraint; a second false-mount followed by 2
mm restraint and collection (Aimquist, 1978). This

regimen was maintained throughout the experiment.

Frequency of collection was three ejaculates per week

for the first 15 weeks of the experiment, four ejacu-
lates per week for the next 15 weeks, and six ejacu-
lates per week for the duration of the experiment. On
days when more than one ejaculate was collected,

ejaculates were pooled and considered as a single

ejaculate. The purpose of increasing the frequency of

collection was to determine whether Se injections

could affect semen production and quality in bulls

subjected to increased sexual activity. Seminal volume
and concentration of spermatozoa were determined

for all ejaculates immediately after collection. An
aliquot (2 ml) of neat semen was then removed, pack-

aged in 0.5 ml French straws, frozen and stored in

liquid nitrogen (LN) for subsequent GSII-Px assay.

Postcollection motility was estimated using phase
contrast microscopy (160 X) from semen diluted in

egg yolk-citrate immediately after collection. Immedi-

ately following motility estimates, semen samples were

fixed in glutaraldehyde (0.05 ml 1% GLUT/ml diluted
semen) by a modification of the procedure of Johnson
et al. (1976) and evaluated within 2 to 4 h postcollec-

tion for intact acrosomes (Saacke and White, 1972)
and spermatozoal morphology, using differential

interference contrast microscopy (1000 X). Sper-

matozoa were not considered normal if they had an
abnormal head or tail, cytoplasmic droplets, or nuclear

vacuoles.

To determine the effect of Se on the ability of

spermatozoa to withstand the freeze-thaw process, 1

ml of the remaining neat semen was removed from
each of two ejaculates per week from each bull and

diluted in egg yolk-citrate-glycerol. Initial dilution was

made in 10 ml of egg yolk-citrate without gylcerol

(fraction “A”) at 37#{176}C.The partially diluted semen

was suspended in beakers containing 200 ml of water

at 37#{176}Cand cooled at 10#{176}C(‘\�1.5 h). After reaching

10#{176}C, samples were removed from the water bath, and

semen was further cooled to 4#{176}C Following the

cooling period, the remaining fraction “A” was added

to give a concentration of 60 X 106 spermatozoa/mL

To complete the dilution, an equal volume of egg

yolk-citrate containing 14% glycerol (fraction “B”)
was added to fraction “A” in 10, 20, 30, and 40%

increments by volume at 10 mm intervals to give a

final concentration of 30 X io� spermatozoa/mt
Semen was packaged in 0.25 ml Continental straws

and allowed to equilibrate for 2 h. After equilibration,

straws were frozen in static LN vapor for 10 mm and
stored in LN until the time of post-thaw evaluation.

Blood samples were collected weekly from each

bull and assayed for Se and GSH-Px activity. Thirteen
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for this decline and subsequent rise.

weeks after initiation of the experiment, an aliquot of

neat semen was removed from one ejaculate per bull

per week for Se analysis. Selenium was assayed using

the fluorometric procedure of Olson (1969). Whole

blood was used for GSII-Px assay and samples were
prepared by adding 1 part distilled water to I part

blood, freezing and thawing 3 times, then adding an

equal volume of Drabkin’s reagent. A final dilution of
1:204 was made in 0.02 M phosphate buffer. For

assay of seminal plasma GSII-Px, the previously frozen

neat semen was thawed in air for 5 mm and centri-

fuged at 30,000 X g for 10 mm to separate the seminal

plasma from spermatozoa. A final dilution of 1:50 was

made in 0.02 M phosphate buffer. Glutathione perox-

idase in both blood and seminal plasma was assayed by

a procedure modified from Paghia and Valentine
(1967) as described by Smith et al. (1979).

For evaluation of post-thaw seminal quality, four

straws were thawed for 1 mm at 37#{176}Cwater. Semen

from the four straws was pooled into a 12 x 75 mm

test tube and immediately placed into a dry block

maintained at 37#{176}C. After 4 h of incubation, unfixed

smears were evaluated for percentage of motile sper-

matozoa and percentage of intact acrosomes using

phase contrast and differential interference contrast

microscopy, respectively. Samples were coded to

ensure that the evaluator was not aware of the bulls

being evaluated.

Bulls were fed ‘\�1.4 kg of grain and 9.1 kg of

alfalfa hay daily for the first 5 months of the experi-

ment and 9.1 kg of hay daily for the remainder of the

experiment. Selenium concentration was 0.07 ppm in

the grain and 0.10 ppm in the hay.

The data were analyzed by analysis of variance

using the following model:

Yijk = u + Ti + W� + Bik + eijk

where �ijk is the observed postcollection PIA or

motility, post-thaw PIA or motility, % Normal, weekly

sperm production, index value, blood GSII-Px, seminal

plasma GSI-I-Px, semen Se or blood Se; � is the effect

of mth treatment (Se or sham injection); W is the

effect of �th time (weeks); Bik is the effect 0f�th bull

within the mth treatment; and eijk is random error.

RESU LTS

As expected, blood Se levels increased

following injections of selenium (P<0.05);

however, the increase was not observed until

after the Se dose was increased to 10 mg Se/90

kg BW (Fig. 1). Thereafter, blood Se levels in

the treated bulls remained ‘�.‘4 times the amount

in the untreated bulls. At the termination of

the experiment, blood Se in the treated bulls

was “0.15 ppm. About 12 weeks after the

initiation of the experiment, blood Se levels in

the untreated bulls decreased unexpectedly to

below 0.02 ppm; however, there was a subse-

quent increase during the remainder of the

experiment. There is no apparent explanation

TIME (wa#{149}ks) 4 8 12 16

I 1’
INJECTION 5n�g S.’ 0 n,� S.

FIG. 1. Influence of Se injections on blood and

semen Se levels. Each point for Se treatment repre-

sents the mean SEM for three bulls. Each point for
no Se treatment represents the mean SEM for two

bulls, sAil injections were as Na selenite per 90 kg 13W.

Selenium in neat semen was not monitored

until 13 weeks after initiation of the experi-

ment. When monitoring was initiated, semen Se

was higher (P<0.06) in the treated bulls than

the untreated bulls and remained higher through-

out the experiment (Fig. 1). Selenium was �‘10

times higher in the semen than the blood in

both treated and untreated bulls, respectively

(Fig. 1).

The influence of Se injections on blood

GSII-Px was similar to that observed for blood

Se (Fig. 2). Although Se injections increased

blood GSII-Px (P<0.005), the increase was not

observed until ‘\-‘2 weeks after bulls received the

10 mg injection. Blood GSII-Px activity con-

tinued to increase with each Se injection with

no indication of plateauing at the termination

of the experiment.

Seminal plasma GSII-Px responded differ-

ently than blood GSH-Px following the Se

injections. Enzyme levels in the seminal plasma

increased (P<0.05) within 48 h after the 5 mg

injection and activity almost tripled during this

time (Fig. 3). After reaching a peak at about 2
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FIG. 2. Influence of Sc injections on blood GSII-

Px activity. Each point for Se treatment represents the

mean SEM for three bulls. Each point for no Sc

treatment represents the mean SEM for two bulls.
aAil injections were as Na selcnite per 90 kg BW.
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Values were converted to Se/90 kg 13W.

weeks after the first injection (5 mg), GSII-Px

activity in the treated bulls decreased to that of

the untreated bulls by 9 weeks postinjection.

Subsequent Se injections increased GSII-Px

activity in the seminal plasma with each in-

crease in Se dose in a manner similar to, but

greater in magnitude than the first injection.

Selenium injections did not significantly

improve the semen production or the semen

quality variables examined (Fig. 4). Likewise Se

injections did not influence the index value or

weekly sperm production for the Se-treated

bulls. There were no significant correlations

between levels of semen Se or seminal plasma

GSll-Px and semen quality.

DISCUSSION

It has been shown in several species that Se

supplementation significantly increases blood

Se levels (lloffman et al., 1978; Preston and

Moxon, 1972; Oh et al., 1976; Chow and

Tappel, 1974). In this study, blood Se was

elevated following Se injections; however, the in-

crease was not observed until after the Sc dose

had been increased to 10 mg sodium selenite/90

kg BW. The lack of a blood Se response following

TIME IweellO 4 8

INJECTION 5n’� Se’

FIG. 3. Influence of Se injections on seminal plas-

ma (S.P.) GSII-Px activity. Each point for Se treat-

ment represents the mean ± SEM for three bulls. Each

point for no Se treatment represents the mean ± SEM

for two bulls. aAII injections were as Na selenite per

90 kg BW.

the 5 mg injection was unexpected. In steers, Se

injections as low as 2.48 mg Se as sodium

selenite/90 kg BW4 significantly increased

blood Se levels from 0.05 to 0.07 ppm within 8

days after injection (Preston and Moxon,

1972), and 4.5 mg sodium selenate/90 kg BW4

increased blood Se from 0.03 to 0.07 ppm

within 2 days in lactating holstein cows (Little

et al., 1979). The present study suggests that

the amount of Se required to elicit a blood Se

response is higher for reproductively a.tive

bulls than for either cows or steers.

Although whole semen Se was not moni-

tored until 13 weeks after initiation of the

experiment, semen from Se-treated bulls was

higher in Se (P<0.06) than was semen from

untreated bulls throughout the sampling period.

Semen Se in the treated bulls was 2.5 times

higher than in the untreated bulls at the start of

the sampling period. Since sampling was initiat-

ed after the 5 mg injection but before the 10

mg injection, it would appear that the 5 mg

injection of Se was sufficient to elicit a Se

response in the semen but not in the blood.

Semen Se levels remained “‘-‘10 times higher

than blood levels throughout the experiment

for both the treated and untreated bulls. It

cannot be determined from this study what

accounted for the significant increase in semen

selenium. Since Se is associated with spermato-

zoa (Calvin, 1978; Smith et al., 1979) and

spermatozoal production did not increase

(P>0.2), the increase in semen Se was not due
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FIG. 4. Influence of Se injections on seminal quality. Each point for Se treatment represents the mean SEM

for three bulls. Each point for no Se treatment represents the mean ± SEM for two bulls.

aAlI injections were as Na selenite per 90 kg 13W.

‘Determined postcollection.
2 Determined postcollection.

Determined post-thaw.

4Determined post-thaw.
Determined postcollection.

to an increase in sperm numbers. The increase

in semen Sc was due at least in part to the

increase in seminal plasma GSI-l-Px because the

enzyme increased significantly in the Se-treated

bulls. However, the increases in seminal plasma

GSH-Px appeared dose-responsive (Fig. 3) and

no such response was observed in semen Se

(Fig. 1). Therefore, it is doubtful that seminal

plasma GSH-Px accounted for all of the in-

crease in semen Se. The following possibil-

ities exist for the semen Se increase: 1) in-

creased Se per spermatozoon; 2) increased
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seminal plasma GSII-Px; 3) increased non-

specific association of Se with seminal plasma

proteins; 4) increase in an unknown seminal

selenoprotein; and 5) increased free selenium.

Further research is needed to determine the

cause of the high Sc found in the semen of

injected bulls.

Blood GSIl-Px activity like blood Sc, did not

increase until 12 weeks after the first injection.

Although Se injection significantly increased

blood GS}1-Px activity, the increase was not

observed until after bulls received 10 mg Se/90

kg BW. In lambs, erythrocyte GSH-Px activity

increased within only 1 week following dietary

Se supplementation (0.51 ppm) (Oh et al.,

1976). Little et al. (1979) reported erythro-

cyte GSII-Px activity increased significantly

within 15 days following Se injection (4.5 mg

sodium selenate/90 kg BW4) in cows. In the

present study, however, significant increases in

blood (iSll-Px activity were not observed until

12 weeks following the 5 mg injection, which

was 2 weeks following the 10 mg injection. In

light of these results and previous reports, it

appears that the 5 mg injection was not enough

to elicit a blood GSH-Px response, or an in-

crease in enzyme activity would have been

observed within the first few weeks following

the 5 mg injection. Following the 10 mg

injection, blood GSEI-Px activity continued to

increase until termination of the experiment.

Oh et al. (1976) reported erythrocyte and

pancreas GSII-Px activity in lambs did not peak

during the duration of their experiment (2

months) although GSII-Px activity in all other

tissues examined peaked when tissue Se con-

centration reached 0.11 ppm Se.

The changes in seminal plasma GSII-Px as a

result of Se injections were especially interest-

ing. Peaks in activity followed each injection,

and each increase in Se dose produced an even

higher level of GSII-Px activity. The decline in

GSII-Px following each peak is without expla-

nation, particularly the rapid decline observed

between 28 and 32 weeks. It appears that the

accessory sex glands are more responsive than

blood to changes in Se status since 5 mg Se/90

kg BW increased seminal plasma GSH-Px but

not blood GSII-Px. Synthesis of the majority of

the GSI-I-Px in seminal plasma probably occurs

in the accessory sex glands since little enzyme

activity has been found in bovine epididymal

samples (Brown and Senger, 1977) or mature

spermatozoa (Smith et al., 1979). The acces-

sory sex glands of the bull have been shown to

incorporate selenium. Twenty-three days fol-

lowing Se injection, prostate and seminal

vesicles contained levels of ‘� Se surpassed only

by those in the testis, epididymis, and kidney

(Smith et al., 1979). Whole-body autoradio-

graphy of mice revealed the seminal vesicles

contained the highest concentration of � Se of

all tissues 4 days following injection (Hansson

and Jacobsson, 1966).

It is important to note that bulls used in this

study were diagnosed as having low blood Se

(<0.05 ppm) at the outset of the experiment.

Although the Se requirement for dairy bulls has

not been established, Trinder et al. (1973)

reported blood Se levels of less than 0.06 1 to

0.07 3 ppm in dairy cows as being deficient.

Despite the apparent state of Se deficiency in

these bulls, Se injections did not significantly

improve semen production or spermatozoal

quality as measured in this study. One of the

treated bulls consistently produced a high

percentage of nuclear vacuoles (10 to 50%)

throughout the experiment. Thus, it appears

that this morphological abnormality cannot be

alleviated by Se injections. It is possible that

the effects of Se deficiency on bovine male

reproduction may not become evident unless

the Se deficiency occurs over more than one

generation as has been shown to be the case in

rats (McCoy and Weswig, 1969; Halverson,

1974; Wu et al., 1973).

This study was not intended to define the

recommended dose of Se for reproductively

active bulls. Caution should be exercised when

interpreting responses as they relate to specific

dosages, since increasing doses of Se were

sequentially administered and residual Se may

have been present throughout the experiment.

Nevertheless, it is clear that Se causes marked

elevation in blood and semen Se and GSH-Px. It

also appears that the bovine male reproductive

system has a high affinity for Se and therefore

may be a preferred organ system in Se meta-

bolism. The possibility remains that optimum

Se status was not achieved for reproductively

active bulls. Further work is needed to deter-

mine the exact function of Se in the bull.

ACKNOWLEDGMENTS

The authors wish to acknowledge W. C. Becker, M.

B. Ngah. j. McCutchan, and D. V. Brown for their

assistance in collection and analysis of samples; Mr.

joe Blake for managing the bulls; Dr. P. D. Whanger

for conducting the Se analysis; and the National

Association of Animal Breeders for a grant to support

this research,

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/23/5/1007/2766921 by guest on 20 August 2022



SELENIUM INJECTIONS IN DAIRY BULLS 1013

REFERENCES

Almquist, J. 0. (1978). Bull semen collection pro-

cedures to maximize output of sperm. Proceed-

ings 7th Technical Conference of National

Association of Animal Breeders on Artificial

Insemination and Reproduction. pp. 3 3-36.

Brown, P. G. and Burk, R. F. (1972). Selenium

retention in tissues and sperm of rats fed a torula
yeast diet. J. Nutr. 102, 102-108.

Brown, D. V. and Senger, P. L. (1977). Glutathione
peroxidase in bovine ejaculated semen, seminal

plasma and epididymal spermatozoa. Proceedings

69th Annual Meeting American Society Animal

Science p. 141 Abstr.
Brown, D. V., Senger, P. L, Stone, S. L, Froseth, J.

A. and Becker, W. C. (1977). Glutathione peroxi-

dase in bovine semen. J. Reprod. Fertil. 50,
117-118.

Calvin, H. I. (1978). Selective incorporation of seleni-

um-75 into a polypeptide of the rat sperm tail. J.
Exp. Zool. 204, 445-452.

Chow, C. K. and Tappel, A. L. (1974). Response of
glutathione peroxidase to dietary selenium in

rats. J. Nutr. 104, 444-451.

Gunn, S. A., Gould, T. C. and Anderson, W.A.D.

(1967). Incorporation of selenium into sper-
matogenic pathway in mice. Proc. Soc. Exp. Biol.
Med. 124, 1260-1263.

Halverson, A. W. (1974). Growth and reproduction

with rats fed selenite-Se. In: Trace Element
Metabolism in Animals-2. (W. G. Hoekstra, J.
W. Suttie, H, E. Ganther and W. Mertz,

eds.). University Park Press, Baltimore. pp.

587-589.
Hansson, E. and Jacobsson, S. 0. (1966). Uptake of

I�� Sel-selenomethionine in the tissues of the
mouse studied by whole-body autoradiography.

Biochim. Biophys. Acts 115, 285 -293.

Hoffman, C., Rivinus, B. and Swanson, L (1978).

Effect of intramuscular administration of seleni-

um and vitamin E in dairy heifers on erythro-

cyte glutathione peroxidase activity and blood

selenium levels. J. Anim. Sci. 47, 192-197.

Johnson, L., Berndtson, W. E. and Pickett, B. W.

(1976). An improved method for evaluating

acrosomes of bovine spermatozoa. J. Anim. Sd.

42, 95 1-954.

Li, T. K. (1975). The glutathione and thiol content of
mammalian spermatozoa and seminal plasma.

Biol. Reprod. 12, 641-64.6.

Little, W., Vagg, M. J., Collins, K. A., Shaw, S. R. and
Gleed, P. Y. (1979). The effects of subcutaneous

injections of sodium selenate on blood composi-
tion and milk yield in dairy cows. Res. Vet. Sci.

25, 193-197.

McCoy, K.E.M. and Weswig, P. H. (1969). Some

selenium responsive diseases not related to
vitamin E. j. Nutr. 98, 383-389.

Mills, G. C. and Randall, II. P. (1958). The protection

of hemoglobin from oxidative breakdown in the

intact erythrocyte. J. Biol. Chem. 232, 589-598.
Oh, S. H., Sunde, A. L, Pope, A. L and Iloekstra, W.

G. (1976). Glutathione peroxidase response to

selenium intake in lambs fed a torula yeast-

based artificial milk. J. Anim. Sci. 42, 977-983.

Olson, 0. E. (1969). Fluorometric analysis of selenium

in plants. J. Assoc. Off. Anal. Chem. 52, 627-

629.

Paglia, D. E. and Valentine, W. N. (1967). Studies on

the quantitative and qualitative characterization
of erythrocyte glutathione peroxidase. J. Lab.

Clin. Med. 70, 158-169.
Preston, B. L and Moxon, A. L. (1972). Influence of

injectable selenium on the blood level of seleni-

um in cattle. Ohio Agric. Res. Dcv. Center.
Res. Summary. 63. 81-83.

Rotruck, j. T., Pope, A. L, Ganther, H. E., Swanson,

A. B., llafeman, D. G. and Hoekstra, W. G.

(1973). Selenium: Biochemical role as a com-
ponent of glutathione peroxidase. Science 179,

588-590.

Saacke, R. G. and White, .1. M. (1972). Semen quality

tests and their relationship to fertility. Proceed-

ings 4th Technical Conference of National

Association of Animal Breeders on Artificial

Insemination and Animal Reproduction. pp.

2-7.

Smith, D. G., Senger, P. L, McCutchan, J. F. and
Landa, C. A. (1979). Selenium and glutathione
peroxidase distribution in bovine semen and

selenium-75 retention by the tissues of the
reproductive tract in the bull. BioI. Reprod. 20,

3 77-383.
Trinder, N., Hall, R. J. and Renton, C. P. (1973). The

relationship between the intake of selenium and
vitamin E on the incidence of retained placentae

in dairy cows. Vet. Rec. 93, 641-646.
Wu, S. H., Oldfield, J. E., Whanger, P. D. and Weswig,

P. H. (1973). Effect of selenium, vitamin E, and
antioxidants on testicular function in rats.
Biol. Reprod. 8, 625-629.

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/23/5/1007/2766921 by guest on 20 August 2022


