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boars fed diets supplemented with selenium
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Summary

In vitro fertilization rates were determined
for cryopreserved spermatozoa from control
boars and boars supplemented with seleni-
um from organic or inorganic sources. Per-
centages of embryos cleaved and becoming
blastocysts were greatest (P < .01) for boars
fed 0.3 ppm organic selenium. Dietary sele-
nium may improve fertility of cryopreserved
boar spermatozoa.
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Resumen - Fertilidad in vitro de esperma
crioconservado de machos alimentados
con una dieta suplementada con selenio

Se determinaron los indices de fertilizacién
in vitro del esperma crioconservado de ma-
chos control y machos suplementados con
selenio de fuentes inorgdnicas y orgdnicas.
Los porcentajes de embriones divididos y
que se convierten en blastocitos fue mayor
(P < .01) en los machos alimentados con
0.3 ppm de selenio organico. El selenio di-
etético puede mejorar la fertilidad del espe-
rma de macho crioconservado.

Résumé - Fertilité in vitro de spermato-
zoides cryopréservés provenant de verrats
nourris avec une di¢te supplémentée avec
du sélénium

Les taux de fertilisation in vitro ont été
déterminés pour des spermatozoides cryo-
préservés provenant de verrats témoins et de
verrats nourtis avec un supplément de sélé-
nium de sources organiques et inorganiques.
Les pourcentages dembryons clivés et dev-
enant des blastocystes ¢taient plus élevés

(P < 0,01) pour les verrats nourris avec

0,3 ppm de sélénium organique. Le sélénium
dans la di¢te pourrait améliorer la fertilité
des spermatozoides cryopréservés de verrats.

eneficial effects of supplemental sele-
B nium on reproductive characteristics

in boars are well-documented.!"> For
example, improvements in sperm production
and morphology and fertility were reported
for boars fed diets supplemented with inor-
ganic selenium in the form of sodium sele-
nite at a concentration of 0.5 ppm.'-> Mahan
and Kim® suggested that selenite may not
be as biologically effective as the selenium
indigenous to grains, which is incorporated
in an organic form (selenomethionine). This
concept is supported by work in which boars
fed an organic source of selenium containing
63% selenomethionine (Sel-Plex; Alltech,
Inc, Nicholasville, Kentucky) tended to have
greater in vitro fertilization (IVF) rates than
did boars fed 0.3 ppm selenium from sodium
selenite or unsupplemented control boars.”
Moreover, enhanced IVF rates displayed by
selenomethionine-fed boars were maintained

during storage at 18°C for 8 days.” The objec-
tive of this experiment was to extend these
findings by determining the effect of dietary
supplementation with 0.3 ppm selenium from
an organic source on IVF rates for cryopre-
served boar spermatozoa.

Materials and methods

The protocol was reviewed and approved by
the Virginia Tech-Institutional Animal Care
and Use Committee.

Animals and housing

At weaning, crossbred boars were each ran-
domly assigned, using a random number
table, to one of three dictary treatments

fed during a six-phase feeding program, ie,
Nursery 1, 2, and 3; Grower 1 and 2; and
Finisher. The dietary treatments were basal
corn and soybean meal-based diets that met
the nutrient recommendations for growing
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boars® with the exception of selenium; basal
diets supplemented with 0.3 ppm selenium
from an organic source (selenomethionine);
and basal diets supplemented with 0.3 ppm
selenium from sodium selenite (Premium
Selenium 270; North American Nutrition
Co, Inc, Lewisburg, Ohio). The US Food
and Drug Administration (FDA) allows a
maximum of 0.3 ppm supplemental sele-
nium in swine diets.? Boars had ad libitum
access to feed and water.

Following completion of the finisher phase,
boars were individually penned and were
trained to mount an artificial sow to allow
semen collection. During the training period
and throughout the remainder of the study,
boars received approximately 2.73 kg of a
basal, breeder-boar diet® or the basal diet
supplemented with 0.3 ppm selenium from
either selenomethionine or sodium selenite.
Selenium concentrations in the basal diets,
determined at the Virginia-Maryland Col-
lege of Veterinary Medicine Toxicology
Laboratory in Blacksburg using previously
reported procedures,7 were 0.03 ppm.

Semen collection and processing
Boars were maintained on a once weekly
semen collection frequency, and the experi-
ment reported here was conducted when
animals were approximately 1.5 years of age.
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Semen was collected using the gloved-hand
technique from boars receiving the control
diet (n = 4), the diet supplemented with
0.3 ppm selenomethionine (n = 5), or the
diet supplemented with 0.3 ppm sodium
selenite (n = 7). The sperm-rich fraction of
semen was filtered (US BAG; Minitube of
America, Inc, Verona, Wisconsin) during
collection to remove gel. Sperm motility in
collected semen was determined as previ-
ously described.!”

Freezing of boar semen

Modena Extender (Swine Genetics Inter-
national, Cambridge, Iowa) was added to
collected semen at an amount 1.5 times the
volume of the semen. The extended semen
was poured into a Nalgene bottle (Fisher
Scientific; Pittsburgh, Pennsylvania), placed
in a Styrofoam box with gel packs to main-
tain a temperature of 18°C, and shipped
overnight to Swine Genetics International.
The day after collection, semen was frozen in
5-mL plastic macrotubules using commercial
procedures (Swine Genetics International)
and then stored at -196°C in liquid nitrogen
until used for IVF procedures at Findlay
University, Ohio. The proportion of live
spermatozoa was determined prior to freez-
ing and after thawing using 0.6% eosin red
and 5.0% aniline blue dye.!! At the com-
mercial stud, semen with less than 75% live
spermatozoa upon arrival is not frozen. On
the basis of this criterion, one boar in the
group fed selenomethionine was rejected,
and data for this animal were not included
in the statistical analyses.

Determination of sperm fertilizing
capability

Previously described procedures7’12

were
used. Unless otherwise stated, chemicals
were purchased from Sigma-Aldrich (St
Louis, Missouri). The oocyte maturation
medium was medium 199 with Earle’s

salts (‘Thermo Fisher Scientific, Inc, Pitts-
burgh, Pennsylvania), supplemented with

5 ug per mL follicle stimulating hormone
(FSH), 1 ug per mL insulin, SO ng per mL
gentamicin sulfate, 10 ng per mL epidermal
growth factor, and 10% (volume by volume)
porcine follicular fluid. The IVF medium
used was a modified Tris-buffered medium
(mTBM),!13 and the in vitro culture (IVC)
medium employed was North Carolina State
University (NCSU) 23 medium contain-
ing 0.4% (weight by volume) bovine serum

albumin.!4

Porcine oocytes (Applied Reproductive
Technologies; Madison, Wisconsin) sur-
rounded by a compact cumulus cell mass and
uniform ooplasm were washed three times
ina 50-mm X 9-mm Falcon polystyrene dish
(Thermo Fisher Scientific) using the oocyte
maturation medium, and 60 oocytes were
placed into each well of a Nunclon four-
well multidish (Thermo Fisher Scientific)
containing 500 uL of oocyte maturation
medium overlaid with mineral oil. The
oocytes were incubated at 39°C in an atmo-
sphere of 5% carbon dioxide for 20 to 24
hours. Oocytes were then matured in oocyte
maturation medium without FSH, insulin,
or porcine follicular fluid for an additional
20 to 24 hours in the manner described.

After incubation, cumulus cells were removed
from the oocytes by repeat pipetting with
0.1% hyaluronidase in NCSU 23 solution for
15 to 30 seconds. Oocytes were then washed
three times in a Falcon polystyrene dish in
100-uL drops of mI'BM and stored in 50 L
drops of mMI'BM under mineral oil. Semen
samples were each thawed in a 15-mL poly-
propylene conical tube containing 10 mL of
mI'BM at 37°C, and centrifuged at 36¢ for
5 minutes. The supernatant was poured

into a new tube and mI'BM was added to
bring the volume to 10 mL. Viable sperm
cells were collected after centrifugation at
553¢ for 5 minutes. The supernatant was
discarded and the pellet washed once more
as described. Following the wash, the super-
natant was discarded and 10 mL of mI'BM
was added to the pellet. Spermatozoa were
counted using a Bright-Line hemacytometer
(Thermo Fisher Scientific) and were then
diluted with mT'BM such that the final
concentration was 1 x 10° cells per mL.
Then, 50 pL of spermatozoa in mI' BM was
added to each well, mixed by gentle repeat
pipetting, and the oocytes and spermatozoa
were co-incubated for 6 to 8 hours at 39°C
in an atmosphere of 5% carbon dioxide. For
cach boar, spermatozoa were added to each
of three wells (triplicates), thus 180 oocytes
per boar were used and a total of 2700 oo-
cytes were employed for the study (720 total
oocytes cach for the control and selenome-
thionine-fed groups and 1260 total oocytes
for the sodium selenite group). The IVF and
embryo characteristics for each individual
boar were determined by averaging the val-
ues for the three wells.

After 12 hours from the end of IVFE, a por-
tion of the potential embryos were washed
three times in 100-uL drops of IVC medium

and then placed in 10 pL of phosphate buff-
ered saline containing 1 pg per mL bisbenz-
imide Hoechst 33342 stain. After 15 minutes
of staining, the oocytes were de-stained in
IVC medium for 5 minutes and examined
under a fluorescent microscope (346 nm
excitation wavelength; 460 nm emission
wavelength). Oocytes were characterized for
penetration by spermatozoa (swollen sperma-
tozoon head), polyspermic (more than one
swollen spermatozoon head) penetration, or
undergoing male pronucleus (MPN) forma-
tion (visual identification of an MPN).

The remaining zygotes were washed three
times in 100 pL of IVC medium, placed

in 100-uL drops of IVC medium in a 100-
mm x 9-mm Falcon polystyrene dish, and
incubated at 39°C in an atmosphere of 5%
carbon dioxide under mineral oil. After

48 hours post IVF, embryos were placed in
fresh IVC medium in the manner described.
Cleavage and blastocyst formation were
evaluated using a stereomicroscope after
48 and 144 hours post IVE, respectively.

Statistical analyses

Data were analyzed by analysis of variance
using the GLM procedure of SAS (SAS In-
stitute Inc, Cary, North Carolina). Boar was
the experimental unit for the analyses and
the model included treatment as the main
effect. Replicate and time were not included
in the model. With three treatments, only
two orthogonal comparisons were allowed,
so single degree of freedom contrasts were
used to compare selenium-supplemented
boars (selenomethionine and sodium sel-
enite supplementation) versus control boars,
and selenomethionine boars versus sodium
selenite boars. Data were checked and satis-
fied the assumptions of analysis of variance.

Results

Results of the investigation are shown in
Table 1. There were no effects (P > .05) of
dietary treatment on the percentage of motile
spermatozoa immediately after semen collec-
tion, on the proportion of live cells post thaw,
or on the percentages of oocytes penetrated,
polyspermic penetration, or MPN formation,
when frozen-thawed boar spermatozoa were
used for IVE There was a tendency (P = .09)
for selenium-supplemented boars to have a
greater MPN than controls. The percentage
of embryos cleaved by 48 hours post IVF
was affected by treatment (P = .01), with
selenium-supplemented boars tending

(P =.07) to have greater values than
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Table 1: Effects of dietary supplementation with selenomethionine or sodium selenite sources of selenium* or no selenium
supplementation on in vitro fertilization and early embryonic development after boar spermatozoa were frozen and stored at

-196°C
Pt
Selenomethionine and Selenomethionine
Sodium sodium versus
Selenomethionine  selenite Control SE  Overall selenite versus control  sodium selenite
No. of boars 7 4 NA NA NA NA
Motile spermatozoa (%)+ 98.0 97.6 97.8 7 29 91 12
Live spermatozoa (%)§ 433 42.7 41.3 2.9 .84 56 .87
Penetrated oocytes (%) 90.0 84.8 89.4 3.9 49 .67 .31
Polyspermic penetration (%) 16.3 15.2 18.7 5.4 .90 .65 .88
Male pronucleus formation (%) 81.4 78.7 66.1 64 22 .09 74
Embryonic development (%)
Cleaved by 48 hours post [VF 326 23.1 22.1 24 .01 .07 <.01
Blastocyst by 144 hours post [IVF 213 18.3 10.0 20  <.01 <.01 27

*

From weaning until approximately 1.5 years of age, boars consumed control diets (no supplementary selenium; n = 4) or diets supple-

mented with 0.3 ppm selenium from selenomethionine (Sel-Plex; Alltech, Inc, Nicholasville, Kentucky; n = 5) or sodium selenite (Premium
Selenium 270; North American Nutrition Co, Inc, Lewisburg, Ohio; n = 7). Collected semen from one boar fed selenomethionine had less
than 75% live spermatozoa and was not frozen. Data from this boar were not included in the statistical analysis.

- W H +

represent the average of the triplicate values.

IVF = in vitro fertilization; NA = not applicable.

Data were analyzed by analysis of variance. A P value of <.05 was considered statistically significant; P < .10 was considered a trend.
Determined immediately post collection as previously described.”

Live spermatozoa as determined post thawing using 0.6% eosin red and 5.0% aniline blue.
Spermatozoa from each boar were added to each of three wells (triplicates), each containing 60 oocytes; values for an individual boar

controls, and selenomethionine-fed boars
having greater (P < .01) values than selenite-
supplemented boars. The percentage of
embryos that progressed to the blastocyst
stage of development by 144 hours post IVF
was also affected by treatment (P < .01),
and values for selenium-supplemented boars
were greater (P < .01) than controls.

Discussion

The dietary requirement for selenium in
breeder boars is 0.3 ppm.® Thus, in the cur-
rent experiment, control boars consumed

a diet considered nutritionally deficient in
selenium. Our results suggest that dietary
supplementation of boar diets with selenium
may have a beneficial effect on the ability
of sperm cells to maintain fertility after the
freeze-thaw process. Moreover, it appears
that selenium supplied in an organic form
(ie, selenomethionine), rather than an inor-
ganic form (ie, sodium selenite) is superior
for maintaining fertility in stored semen.
This concept is supported by previous
work.” Indeed, in that study, extended se-
men from boars supplemented with seleno-
methionine at a concentration of 0.3 ppm
had numerically greater, but not statistically
different (P =.11) IVF rates than did boars

supplemented with 0.3 ppm selenium from
sodium selenite or unsupplemented control
boars, and the greater sperm motility and
enhanced IVF rates displayed by selenome-
thionine-fed boars were maintained during
liquid storage for 8 days at 18°C.”

Determining the mechanism responsible for
the positive effects of dietary selenium on
fertility reported herein will require further
experimentation. However, oxidative stress
occurs when the antioxidant capacity of the
boar is exceeded by the production of physi-
ologically harmful reactive oxygen species.
Cryopreservation decreases the antioxidant
capacity of boar semen and decreases sperm
fertility, negative effects of which are ame-
liorated by exogenous supplementation of
semen with antioxidants.!> Selenium is an
integral component of glutathioneperoxi-
dase (GPx), and gene expression for GPx4,
the primary GPx in the mammalian testis,
was upregulated in boars fed selenome-
thionine, compared with boars fed sodium
selenite.!® Thus, enhanced in vitro fertility
demonstrated in this study might be a re-
sult of increased antioxidant capacity and
protection against reactive oxygen species in
selenium-supplemented boars.

The vast majority of US sows are bred using
artificial insemination (AI) 17 with fresh,
liquid semen that is stored at 16°C to 18°C
for use within 5 days. Use of frozen semen in
swine production has numerous theoretical
advantages over use of fresh, liquid semen.
For example, frozen semen can be stored
indefinitely, and the genetics of outstanding
sires can be available for many years after
death of the boar. Although good fertility
of frozen-thawed porcine semen has been

18,19 i gen-

reported in some research trials,
eral, lower farrowing rates and litter sizes

are obtained after insemination with frozen-
thawed semen than with fresh, liquid se-
men.?? Thus, the current use of frozen semen
for Al in the US swine industry is very lim-
ited. The results of the current experiment
suggest that dietary inclusion of selenium
may be a practical approach for improving
reproductive performance in Al breeding
programs employing frozen boar semen.

Implications
o Under the conditions of this study, in
vitro fertility is better in boars supple-
mented with selenium.
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o Inclusion of selenium in the diet of
boars may be an effective approach for
enhancing reproductive performance on
swine farms using cryopreserved semen.
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