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Abstract

Purpose Selenium (Se) and vitamin E (Vit-E), as an
integral part of antioxidant systems, play an important role
in the motility and acrosome reaction (AR) of mammalian
spermatozoa. The purpose of this study was to investigate
the effect of Se and Vit-E on motility, viability, AR and
accumulation of ammonia in the culture medium during
different incubation periods in porcine sperm.

Methods Sperm samples were washed, swum-up and
incubated at 37°C for 1 and 3 h in Sp-TALP medium
supplemented with sodium selenite (SS), seleon L-methio-
nine (SeMet) and Vit-E in the presence or absence of
ammonia. Sperm motility was determined on the basis of
movement quality examined by phase microscopy. Via-
bility and AR of spermatozoa were assessed by Hoechst
33258 and chlortetracycline (CTC) staining technique, and
accumulation of ammonia was measured by the indophenol
method. The incorporation of '*C(U)-glucose was assessed
with a liquid scintillation counter.

Results In experiment 1, the sperm motility, viability, AR
and incorporation of '*C(U)-glucose increased significantly
(P < 0.05) in SS, SeMet and Vit-E (5, 5 pg/l and 1.0 mM,
respectively) compared with the control. In experiment 2,
treatment of the sperm with SeMet and SeMet + Vit-E in
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the presence of 300 pM ammonia also resulted in a sig-
nificant increase (P < 0.05) in the rate of motility, viabil-
ity, AR and incorporation of "*C(U)-glucose. In contrast,
the accumulation of ammonia was reduced by SeMet and
SeMet + Vit-E compared with the other treatments.
Conclusions These findings indicate that SeMet and
SeMet + Vit-E may play an important role in reducing the
accumulation of ammonia and subsequently in increasing
the rate of AR and the utilization of glucose in porcine
spermatozoa.

Keywords Acrosome reaction - Ammonia -
Porcine spermatozoa - Selenium - Vitamin E

Introduction

Ammonia produced from amino acids present in the cul-
tured medium inhibits cell growth in vitro. The levels of
ammonia increase significantly during the culture period
because of the deamination and spontaneous breakdown of
amino acids, especially glutamine, in in vitro fertilization
of porcine oocytes [1]. The toxic effect of glutamine can be
avoided by making use of the fact that dipeptides can be
directly used by mammalian cells in vitro [2]. We reported
previously that the accumulation of ammonia can be
reduced in the medium by supplementation with the
dipeptides L-alanyl-L-glutamine and L-glycyl-L-glutamine,
which can play an important role in motility and acrosome
reaction (AR) in porcine spermatozoa [3].

In recent years, the involvement of free radicals and
oxidative damage has been proposed as an alternate
mechanism for ammonia toxicity [4]. Selenium (Se), an
essential trace element for mammals, is an integral part of
antioxidant systems [5]. Se-dependent glutathione
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peroxidase (GPx) has an important role in free radical
protective mechanisms. Se may have a role in the motility
of bovine spermatozoa by protecting them from oxidative
damage [6]. Se, which commonly replaces sulfur in pro-
teins, is normally incorporated through selenoamino acids
(L-selenomethionine, L-selenocysteine) [7] and selenoen-
zymes, such as GPxs, which reduce glutathione in the
antioxidant system and protect cells from oxidative damage
[8]. Vitamin E (Vit-E) is one of the most important
antioxidative molecules, residing mainly in the cell
membranes [9].

The AR involves the fusion of the outer acrosomal
membrane with the plasma membrane and is of funda-
mental importance for the spermatozoa to fertilize an
oocyte. Se positively regulates capacitation and the AR,
both of which are required for spermatozoa to acquire
fertilizing ability [10]. Although there are several studies
that have shown the importance of Se levels in sperm
function, the direct influence of Se and Vit-E on reducing
the accumulation of ammonia and AR in porcine sperma-
tozoa in vitro have not yet been definitively demonstrated.

In this study, we have investigated the role of sodium
selenite (SS), seleon L-methionine (SeMet) and Vit-E on
the motility, viability, AR and accumulation of ammonia in
the medium during different incubation periods in porcine
spermatozoa, and assessed the utilization of glucose.

Materials and methods
Chemicals

Radioactive glucose was purchased from American Radi-
olabeled Chemicals Inc. (St Louis, MO). Ammonia, SS,
SeMet, Vit-E (a-tocopheryl acetate, E) and all other
chemicals were analytical grade and purchased from Nac-
alai Tesque (Kyoto, Japan). Vit-E was dissolved in ethanol,
and an emulsion was formed by vortex mixing before being
added to the spermatozoa. The final concentration of eth-
anol was <2% by volume [11]. Control and the other
treatments received an equivalent amount of ethanol.

Semen collection and preparation

Semen was collected from 2-year-old Duroc boars using
the gloved-hand technique at the Nagano Animal Industry
Experiment Station, Nagano, Japan. The semen was diluted
according to the method of Johnson et al. [12] with Modena
extender to produce a sperm concentration of 1 x 10%/ml
at room temperature. The tube of semen was carried to the
laboratory within 30 min after collection using a cork box
to keep it at 21°C. The uppermost 10 ml of the semen
sample was removed from the tube and incubated for
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10 min in a water bath at 37°C for anabiosis. Then, 3 ml of
the anabiosed sperm sample was washed twice with
Sp-TALP medium, a modified TALP medium used for the
sperm cultures [13]. Sperm samples were then centrifuged
at 900x g for 5 min. The sperm pellet was suspended in
Sp-TALP medium and pre-incubated at 37°C in 95%
humidified air and 5% CO, for 1 h to swim-up. A 50 pl
sperm aliquot obtained from swim-up separation was
resuspended to the previously prepared drops with the
specified medium to give a final concentration of sperma-
tozoa 5 x 10%ml. The sperm was then incubated at 37°C
in 95% humidified air and 5% CO, for 3 h to evaluate the
sperm motility [14, 15]. To evaluate the viability and
acrosome status, swum-up spermatozoa were resuspended
separately at a concentration of 20 x 10%ml and incubated
at 37°C for 3 h in the same condition.

Progressive motility

After completion of the 1- and 3-h incubation periods,
three subsamples (10 pl) of each sample were transferred
to an examination chamber (Fujihira Industry Co., Ltd.,
Tokyo, Japan), placed on a warmer set (MPF-10-SZX,
Kitazato Supply, Tokyo, Japan) and kept at 37°C, and the
motility was examined under a light microscope (100x).
Sperm motility was assessed by determining the percentage
of spermatozoa in each of the following four categories of
movement: (1) rapid progressive motility, (2) slow or
sluggish progressive motility, (3) non-progressive motility
and (4) immotility. These were then expressed as a pro-
gressive motility percentage. The percentage of spermato-
zoa with progressive motility was determined subjectively
by scoring 400 individual spermatozoa in each sample.

Evaluation of viability

Sperm viability was determined by Hoechst 33258 (Sigma,
Chemical Co., St. Louis, Mo) staining as described by
Wang et al. [14]. Briefly, 4 pl Hoechst (100 pg/ml in PBS)
was mixed with 200 pl porcine semen and 196 pl PBS for
3-min incubation at room temperature in the dark. After
incubation, the slides were covered with 10 pl of sperm
suspension and mounted on a glass slide under a coverslip.
At least 200 sperm per slide were counted by fluorescent
microscopy (FL-microscopy, 420 nm). The live and dead
sperm were separated by unstained and stained (blue-col-
ored) spermatozoa.

Evaluation of capacitation and acrosome reaction
The sperm capacitation and AR were evaluated by chlor-

tetracycline (CTC) staining technique, slightly modified
from that described by Ward and Storey [16], as shown in
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our previous study of boar sperm [17]. Briefly, the CTC
stock solution containing 750 pM CTC-HCI (Sigma),
130 mM NaCl, 5 mM r-cysteine and 20 mM Tris (pH 7.8)
was prepared daily, wrapped in foil to protect against light,
and stored at 4°C until required. Ten microliters of sperm
suspension was mixed with 15 pl of CTC solution on a
slide at room temperature. Then, 0.3 pl of 12.5% glutar-
aldehyde in 0.5 M Tris—HCI (pH 7.4) was added as a fix-
ative. Samples were covered with coverslips and stored in
the dark at 4°C. Sperm were observed within 24 h using a
microscope (Nikon, Tokyo, Japan) with phase contrast and
epifluorescence optics under blue-violet illumination
(excitation at 400—440 nm and emission at 470 nm). The
percentage of F, B and AR pattern was determined at 1 and
3 h of incubation, and at least 200 spermatozoa were
counted in each sample. Sperm were evaluated according
to CTC staining patterns [18, 19]: fluorescence over the
entire head (uncapacitated, pattern F), fluorescence-free
band in the postacrosomal region (capacitated, pattern B)
and low fluorescence over the entire head except for a thin
bright fluorescent band along the equatorial segment
(acrosome-reacted, pattern AR). For treatment of results,
only the live cells were taken into consideration. Typical
examples of these patterns are shown in Fig. 1.

Evaluation of incorporation of '*C(U)-glucose

The metabolic activity of spermatozoa was examined with
or without ammonia by incorporating '*C(U)-glucose in
the semen samples, which were prepared in the same way
as the samples for motility evaluation. A 100 pl aliquot of
swim-up spermatozoa (5 x 10%ml) from each treatment
was incubated with 9.25 KBg/ml

(specific activity

Fig. 1 Hoechst 33258 and chlortetracycline (CTC) staining patterns.
a Hoechst-stained dead sperm, blue colored over the whole head. b F
Pattern (non-capacitated), uniform fluorescence on the head. ¢ B
pattern (capacitated), a fluorescence free band on the post acrosomal
region. d AR pattern (acrosome reacted), a uniformly fluorescence-
free head

18.5 MBg/mM) of '*C(U)-glucose and prepared for scin-
tillation counting according to the method described in our
previous study [15]. The incorporation of '*C(U)-glucose
by spermatozoa were determined using a liquid scintilla-
tion counter (LS-6500, Beckman Instruments, Inc., Ful-
lerton, CA). The incorporation values were expressed
directly in counts per minute (cpm).

Ammonia assay

During the different incubation periods, the ammonia
concentrations in the medium were assessed using the
Bertholot-indophenol method as described in our previous
study [20]. To determine the ammonia concentration,
100 Wl of the culture medium was removed every 1 and
3 h, and measurement was done immediately. The proce-
dure was performed five times for each analysis. A cali-
bration curve in the range of 0-0.40 mM ammonia was run
with each experiment. The mean coefficient to determina-
tion for the calibration curve of five experiments was
0.994.

Experimental design

In the first experiment, the sperm motility, viability and
AR were examined when sperm were treated with SS,
SeMet and Vit-E in various concentrations. The swim-up
separated spermatozoa were treated with SS, SeMet and
Vit-E (0, 2.5 and 5, 10 pg/l and 0.5, 1.0 and 2.0 mM,
respectively) in Sp-TALP medium. The sperm aliquots
obtained from each treatment were then incubated at 37°C
for 1 and 3 h.

In the second experiment, the effect of SS, SeMet, Vit-E
and their combinations on the motility, viability and AR
was investigated in the presence of 300 UM ammonia in
the medium. This concentration of 300 puM ammonia was
selected from our previous study [3]. The optimum con-
centration of SS (5 pg/l), SeMet (5 pg/l), Vit-E (1.0 mM)
and their combination (2.5 + 2.5 pg/l + 1.0 mM, respec-
tively) were selected from the first experiment. The sper-
matozoa were then incubated at 37°C for 3 h. After
supplementation of all the chemicals, the pH (HM-30s,
Tokyo TOA Electronics, Tokyo, Japan) and osmolarity
(Model 3300, Advanced Instruments, Norwood, MA) of
these media were adjusted to 7.4 with 1 N HCl or 1 N
NaOH and 270 mOsm with NaCl, respectively.

Statistical analysis
Data were analyzed by one-way ANOVA using the Tur-
key-Kramer method as post hoc tests (Statcel2 software;

OMS Publishing Inc., Japan). Motility, viability and CTC
patterns were analyzed using the y” test. All percentage
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data were subjected to arc-sine transformation before sta-
tistical analysis. Data are expressed as mean =+ standard
error and repeated five times. A value of P < 0.05 was
considered to be statistically significant.

Results

The effect of SS, SeMet and Vit-E on the percentages of
progressive motility and viability at 1 h of incubation are
shown in Fig. 2. The percentages of progressive motility
and viability were significantly higher (P < 0.05) in media
containing SS, SeMet and Vit-E (5, 5 pg/l and 1.0 mM,
respectively) compared with that in the control. The
motility and viability were significantly decreased
(P < 0.05) in spermatozoa at higher concentrations of SS,
SeMet and Vit-E (10, 10 pg/l and 2 mM, respectively)
compared with the SS, SeMet and Vit-E (5, 5 pg/l and
1.0 mM, respectively) treated spermatozoa. However,
those showed no significant difference with the control.
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Fig. 2 Effect of sodium selenite (SS), seleon L-methionine (SeMet)
and vitamin E (Vit-E) on the percentage of a progressive motility
under the phase microscopy and b viability obtained by Hoechst
33258 staining expressed as percentage of dead spermatozoa at 1 h
incubation. Each column with an error bar represents the
mean =+ standard error (n = 5). Different letters indicate significant
differences (P < 0.05) among the treatments in the different
concentrations
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The effect of SS, SeMet and Vit-E on the percentages of
CTC patterns F, B and AR at 1 and 3 h of incubation
periods are shown in Table 1. Spermatozoa treated with
SS, SeMet and Vit-E (5, 5 pg/l and 1.0 mM, respectively)
showed a significant increase in the capacitation and AR
patterns (along with a decrease in non-capacitated pattern,
F) compared with control at 3 h incubation. However, the
percentage of capacitated and acrosome reacted sperma-
tozoa was significantly increased at 3 h from 1 h of incu-
bation in all treated groups.

The rate of incorporation of '*C(U)-glucose supple-
mented with SS, SeMet and Vit-E at 3 h of incubation
periods are shown in Fig. 3. The incorporation rate of
14C(U)-glucose was increased (P < 0.05) with SS, SeMet
and Vit-E (2.5, 2.5 pg/l and 0.5 mM, respectively) treated
spermatozoa compared with the control. However, a higher
(P < 0.05) rate of incorporation was observed with SS,
SeMet and Vit-E (5, 5 pg/l and 1.0 mM, respectively)
compared with other treatments. The spermatozoa treated
with SS, SeMet and Vit-E showed a decreased rate of
incorporation with the higher concentration of 10, 10 pg/l
and 2 mM, respectively.

In the presence of 300 UM ammonia in the medium, the
effects of SS, SeMet, Vit-E and their combinations on the
percentages of progressive motility, viability and ammonia
concentration at 1 and 3 h of incubation periods are shown
in Table 2. The percentages of progressive motility and
viability significantly increased when sperm was treated
with SeMet and SeMet + Vit-E, and less percentage was
observed with Vit-E at 1 h of incubation compared with the
control. The SS, SeMet, Vit-E and their combinations used
in the present study showed individually higher (P < 0.05)
percentages of progressive motility and viability compared
with the ammonia treated sperm.

This study examined whether SeMet and SeMet + Vit-
E reduced the amount of ammonia produced over incuba-
tion periods of 1 and 3 h of spermatozoa with 300 pM
ammonia in the medium (shown in Table 2). The accu-
mulation of ammonia in the medium over different incu-
bation periods was significantly reduced (P < 0.05) after
the addition of the SS, SeMet, Vit-E and their combina-
tions, with the exception of SS + SeMet + Vit-E com-
pared with the ammonia-treated medium. Among the
treatments, SeMet and SeMet + Vit-E play important roles
in reducing the accumulation of ammonia.

In the presence of 300 uM ammonia in the medium, the
effects of SS, SeMet, Vit-E and their combinations on the
percentages of CTC patterns F, B and AR at 0, 1 and 3 h of
incubation periods are shown in Table 3. The percentage of
F pattern (corresponding to non-capacitated sperm) to
about 76% before incubation and the number of sperma-
tozoa with this pattern gradually reduced in the presence of
both SeMet and SeMet + Vit-E after 3 h of incubation.
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Table 1 Effect of sodium selenite, seleon L-methionine and vitamin E with various concentrations on the chlorteracyline (CTC) staining pattern

of porcine spermatozoa

Treatment F pattern (%) B pattern (%) AR pattern (%)
lh 3h lh 3h lh 3h
Sodium selenite (pg/l)
Control (0) 60.1 + 2.8° 30.0 £ 1.1° 241+ 1.1 33.1 + 1.7° 16.1 + 0.4 37.2 + 0.8
25 56.1 + 1.7° 172 +£1.2° 26.0 + 1.7 421 4+ 1.1% 18.1 + 2.6 40.9 + 0.8°
5.0 53.1 £ 1.7° 102 + 1.1° 27.0 £ 1.7 46.0 £ 1.1° 20.7 £ 0.3 433 £ 0.6°
10 61.0 + 1.7° 27.1 £ 1.1° 230 + 1.1 38.0 £+ 1.1° 16.3 & 2.6 345 + 2.6
Seleone L-methionine(pg/1)
Control (0) 60.1 + 2.8 30.0 + 2.3° 241+ 1.1 33.1 + 1.7° 16.4 + 2.6 37.2 + 1.4°
25 55.0 £ 1.1%° 27.1 + 1.1° 270 + 1.7 350 + 1.1° 179 £ 25 38.0 + 2.6
5.0 50.0 + 2.8° 121 £12° 28.0 + 1.0 48.0 £ 1.7° 220+ 1.6 40.4 £+ 0.9%
10 58.8 + 2.0° 11.1 £ 0.8° 241412 451 + 1.1% 17.1 £ 2.6 444 + 0.4°
Vitamin E (mM)
Control (0) 60.1 +2.8 30.0 + 2.3° 241+ 1.1 341+ 1.7° 16.1 £ 0.4 36.2 + 0.8
0.5 58.1 + 1.1 220+ 1.1° 253+ 1.4 36.0 + 1.0° 173 £ 1.1 422 + 1.1%
1.0 55.0 £ 1.2 12.1 + 0.6° 26.0 + 1.1 43.0 £ 1.1° 19.1 + 1.1 451 £ 1.1°
2.0 59.0 + 0.4 274 + 1.4% 230 + 1.1 37.1 + 1.1° 18.0 + 1.1 35.7 £ 0.9°

Values with different letters (a—c) within the same column with different superscripts are significantly different (P < 0.05). All values per-

centages are expressed as mean =+ standard error (n = 5)
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Fig. 3 Effect of sodium selenite (SS), seleon L-methionine (SeMet)
and vitamin E (Vit-E) on the rates of incorporation of 14C(U)—glucose
in porcine spermatozoa at 3 h of incubation. Each column with an
error bar represents the mean = standard error (n = 5). Different
letters indicate significant differences (P < 0.05) among the treat-
ments in the different concentrations

The B pattern spermatozoa accounted for 15% at 0 h and
gradually increased approximately 40% with SeMet and
SeMet + Vit-E treated group after 3 h of incubation. The
percentages of B and AR pattern were significantly
increased when sperm were treated with SeMet and
SeMet + Vit-E compared with that of the ammonia-treated
control at both 1 and 3 h of incubation. When SeMet and
SeMet + Vit-E treated spermatozoa were incubated for 3 h
in medium, approximately 35% of the sperm showed an
AR pattern.

The rates of incorporation of '*C(U)-glucose and the
accumulation of ammonia treated with SS, SeMet, Vit-E
and their combinations in medium containing 300 pM
ammonia at 1 and 3 h of incubation periods are shown in
Table 4. The incorporation rate of '*C(U)-glucose was
higher (P < 0.05) in SeMet and SeMet + Vit-E treated
spermatozoa compared with the ammonia supplemented
control at 1- and 3-h incubation periods. When compared
with the ammonia-supplemented media, all treatments
showed higher rates with the exception of Vit-E and
SS + SeMet + Vit-E treatments.

Discussion

The results obtained in this study show that supplementa-
tion of SS, SeMet and Vit-E in Sp-TALP medium can
improve motility, viability and AR of porcine spermatozoa.
SS and SeMet (5 pg/l) showed higher percentages of
motility, viability and AR in ammonia-free medium. The
optimum concentration of Se and Vit-E used in the present
study is similar to that of the concentration used by porcine
embryos and human sperm [11, 21]. These results were in
agreement with the study of bovine [22] and ram [23]
sperm, the results of which showed that SS and SeMet
significantly stimulated motility and AR without affecting
viability. Aitken et al. [10] observed that Se positively
regulates sperm capacitation and AR for the human sper-
matozoa. In our present study, spermatozoa were evaluated
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Table 2 Effect of sodium selenite, seleon L-methionine and/or vitamin E on progressive motility, viability in porcine spermatozoa and ammonia
concentrations in the culture medium

Treatment Progressive motility (%) Viability (%) Ammonia concentration (mM)
lh 3h lh 3h 1h 3h

Control (without NH3) 50.5 + 1.4 332 + 1.4° 63.6 + 0.5™° 53.6 £+ 5.2° 0.15 £ 0.005° 0.17 £ 0.005"
NH; 36.5 &+ 1.0° 26.0 £ 1.4° 51.8 &+ 0.5° 39.0 £ 5.2° 0.36 & 0.008" 0.39 + 0.01¢
NH; + SS 455 + 1.4 27.8 + 1.5 63.6 + 0.5 454 + 5.2% 0.31 %+ 0.005° 0.34 + 0.01°
NH; + SeMet 63.5 + 1.4° 324 + 0.6° 67.2 + 0.5 533 + 4.9° 0.24 + 0.001¢ 0.24 + 0.01°
NH; + Vit-E 40.7 £ 1.4 347 +£2.2° 554 + 5.2 415 £ 5.5% 0.28 + 0.01°¢ 0.30 + 0.02"
NH; + SS + Vit-E 51.0 + 2.8 39.7 + 1.4 65.4 + 5.2%° 43.6 + 5.2% 0.29 + 0.01¢ 0.29 + 0.01%
NH; + SeMet + Vit-E 61.7 + 5.0° 472 +0.2° 71.8 £+ 0.5 49.0 + 5.2% 0.26 + 0.01°¢ 0.24 + 0.01°
NH; + SS + SeMet + Vit-E 42,5 + 1.4 32.3 £2.0° 56.3 + 5.3 43.6 £ 5.2% 0.35 + 0.01° 0.38 + 0.01¢

Values with different letters (a—e) within the same column with different superscripts are significantly different (P < 0.05). Spermatozoa were
incubated 1 and 3 h in the presence of 300 M ammonia (NH3) in medium (Sp-TALP) by supplementing with sodium selenite (SS; 5ug/l),
seleon L-methionine (SeMet; 5 pg/l), vitamin E (Vit-E; 1.0 mM) and SS + SeMet + Vit-E (0.25 4+ 0.25 pg/l + 1.0 mM). All values per-

centages are expressed as mean =+ standard error (n = 5)

for pattern B and AR staining at 0, 1 and 3 h of incubation.
The AR pattern after CTC staining was used as a probe for
sperm’s ability to undergo the AR [16]. Using modified
Hoechst 33258 staining, the number of dead spermatozoa
was also established [24]. During incubation of human
[25], pig [26] and Japanese black cattle [27] sperm sus-
pensions under conditions known to support capacitation
and AR in vitro, there are changes in the distribution of the
three CTC fluorescence patterns, with a sequential alter-
ation from the F to the pattern and then to the AR pattern.
In this study, treatment of the sperm with Vit-E (1.0 mM)
improved the motility, viability and AR compared with
ammonia-free medium. Geva et al. [28] showed that sup-
plementation of Vit-E in the culture medium can enhance
oxidative stability and functional properties such as
motility and AR of human spermatozoa. Although there are
several studies that show the importance of Se and Vit-E
levels in sperm function, this is the first report of the direct
influence of Se and Vit-E on motility, viability and AR of
porcine spermatozoa.

In general, Se plays an important role in cellular anti-
oxidant defenses, since it forms the catalytic site of anti-
oxidant enzymes (mainly as selenocysteine) such as GPx.
GPx has been assumed to play a role in protecting cells
from the harmful effects of toxic metabolites and free
radicals by preventing lipid peroxidation of membranes in
mammalian spermatozoa [29]. In the cell culture, Se in the
form of selenite helps the cells to detoxify the medium to
protect them from oxidative damages [30]. Se and Vit-E
have been shown to modulate adenylate cyclase and cyclic
adenosine 3’, 5-monophosphate (cAMP)-related signaling
events, as well as protein kinases [31]. The inclusion of Se
and Vit-E in the medium may act in the stimulation of
sperm motility, viability and AR. Adenosine triphospate
(ATP), cAMP, adenylate cyclase and phosphodiesterase
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are known to be intricately involved in the motility, AR
and survival of spermatozoa [32]. In this study, supple-
mentation of SS, SeMet and Vit-E (5§ pg/l and 1.0 mM)
increased incorporation rates compared with ammonia-free
medium. We find that the higher rates of incorporation of
“C(U)-glucose agree with the results of higher rates of
motility, viability and AR. It is well known that either
glucose or a combination of glucose and other monosac-
charides is the most important exogenous energy source to
promote AR in vitro [33]. Hichs et al. [34] also stated that
cAMP plays an important role in the glycolytic pathway of
spermatozoa and that it can influence the generation
required for sperm motility through its effect on glycolysis.

This study showed that SS, SeMet and SeMet + Vit-E
protect and accelerate the motility and viability and induced
AR when the medium was supplemented with 300 uM
ammonia. The media supplemented with SeMet and
SeMet + Vit-E were higher in motility, viability and AR in
300 pM ammonia containing medium. These results were in
agreement with the study of Keskes-Ammar et al. [35], who
reported that the combination of Se and Vit-E, in comparison
to single supplementation, improves motility in the human
sperm in vitro. Kosenko et al. [4] suggested that ammonia
toxicity has been proposed as an alternate mechanism for the
involvement of free radicals and oxidative damage. GPx,
GSH and Vit-E (enzymatic and non-enzymatic antioxidant)
are involved in reducing ammonia toxicity and the produc-
tion of free radicals [36, 37]. We suggest that SeMet and
SeMet + Vit-E might protect oxidative damage of ammo-
nia. Thus, the present results support the findings of
El-Demerdash [38], who reported that the amino acids
SeMet and seleoncysteine can spare Vit-E and Se through
their antioxidation role. Various agents (such as Se, Vit-E
and amino acids) principally act by directly neutralizing free
radical activity in the culture medium; they also provide
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Table 3 Effect of sodium selenite, seleon L-methionine and/or vitamin E on F, B and AR pattern in the chlorteracyline (CTC) staining of porcine spermatozoa

AR pattern (%)

B pattern (%)

F pattern (%)

Treatment

3h

1h

Oh

3h

1h

Oh

3h

1h

Oh

36.2 + 1.4
29.9 + 0.8°
32.7 £+ 0.3
36.9 + 0.1°

154 £ 2.6*

8.1+26
72 +£26
89 £ 2.6
10.8 £ 2.6
8.1+2.6
8.6 £23
129 £ 0.8
93 +£26

34.1 £+ 1.7°
25.0 + 1.1°
36.1 &+ 1.2
39.0 + 1.7°

24.1 £ 1.2°
15.0 £ 1.1°
22.0 + 0.6
24.0 £+ 1.3
23.5 £ 0.8°
24.0 £ 1.7°
28.0 £+ 1.1°
22.0 £ 1.2°

14.0 £ 1.7
100 £ 1.1

30.0 + 2.8
46.0 &+ 1.1°

603 + 1.3
76.0 + 1.1°

78.0 £ 4.6°
83.0 £ 1.1°

Control (without NH3)

NH,

9.9 + 0.2°
16.3 £ 0.2*
18.7 + 0.8%
15.4 £ 0.8°
16.0 + 0.7%
20.9 £ 0.3
155 + 2.6

11.0 £ 1.7
10.0 £ 1.1
11.0 £ 1.2
11.0 £ 1.7
130 £ 1.2
102 £ 0.5

62.3 + 1.8° 309 + 1.5%

81.0 + 3.3%

NH; + SS

24.0 £ 1.1%
36.1 + 2.3°
340 + 1.7
23.1 £ 1.2¢
320 + 1.7°

57.7 £ 1.5%
62.0 £ 2.1*
60.3 £+ 3.9*
513 £ 1.7°
63.3 £ 1.3*

79.6 + 2.1%°

NH; + SeMet

30.6 £ 1.1%°
31.8 + 0.8°
35.5 + 0.3
31.8 + 2.6°

33.0 £ 1.7
34.6 &+ 1.4°
4204+ 1.2°

36.0 £ 1.1*

81.3 + 1.9%

NH; + Vit-E

80.6 &+ 1.5
74.0 &£ 1.2°

NH; + SS + Vit-E

NH, + SeMet + Vit-E

81.3 &+ 1.3%

NH; + SS + SeMet + Vit-E

Values with different letters (a—d) within same the column with different superscripts are significantly different (P < 0.05). Spermatozoa were incubated 0, 1 and 3 h in the presence of 300 M
ammonia (NH3) in medium (Sp-TALP) by supplementing with sodium selenite (SS; 5 pg/l), seleon L-methionine (SeMet; 5 pg/l), vitamin E (Vit-E; 1.0 mM) and SS + SeMet + Vit-E

(0.25 + 0.25 pg/l + 1.0 mM). All values percentages are expressed as mean =+ standard error (n = 5)

Table 4 Effect of sodium selenite, seleon L-methionine and/or vita-
min E on incorporation of '*C(U)-glucose in porcine spermatozoa

Treatment Incorporation of cmp/0.5 x 10°
spermatozoa
1h 3h

Control (without NH3)
NH;

3021.2 + 287.85%
2508.6 + 33.6°

3735.3 + 288.0°
3368.4 + 150.1%¢

NH; + SS 2983.8 + 60.4%° 3806.7 + 193.5%
NH; + SeMet 3325.8 + 214.7% 5056.7 + 46.1¢
NH; + Vit-E 2861.5 + 136.2%° 3748.7 + 85.9°

NH; + SS + Vit-E
NH; + SeMet + Vit-E
NH; + SS + SeMet

3102.0 £+ 130.9%
3626.7 + 307.7°
2735.2 + 99.1°

4492.7 + 35.0°
6859.0 & 215.6°
2742.5 + 133.1°

+ Vit-E

Values with different letters (a—f) within the same column with dif-
ferent superscripts are significantly different (P < 0.05). Spermatozoa
were incubated 1 and 3 h in the presence of 300 pM ammonia (NH3)
in medium (Sp-TALP); by supplementing with sodium selenite (SS;
5 pg/l), seleon L-methionine (SeMet; 5 pg/l), vitamin E (Vit-E;
1.0 mM) and SS + SeMet + Vit-E (0.25 + 0.25 pg/l + 1.0 mM).
All value percentages are expressed as mean =+ standard error
(n=73)

protection against oxidative damage [39]. In our previous
study, we also reported that the accumulation of ammonia
can be reduced in the medium through supplementation with
dipeptides, which can play an important role in the AR of
porcine spermatozoa [3]. In this study, we also observed that
the results are almost the same when sperm was treated with
Se and Vit-E.

In this study, the supplementation of SS, SeMet and
SeMet + Vit-E stimulated the rate of incorporation of
14C(U)—glucose at 1 and 3 h of incubation in 300 pM
ammonia-containing medium. That the rates of incorpora-
tion and oxidation of glucose (as an energy source) became
the same as the motility, viability and AR is supported by
the findings of our previous study [3]. We found that the
higher rates of incorporation of "*C(U)-glucose agreed with
the results of higher rates of motility, viability and AR. As
an exogenous energy source, glucose [40] has various
effects on spermatozoa and is required for the stimulation
of the motility, viability and AR in some species. Sham-
berger [41] demonstrated that sperm motility was enhanced
by Se supplementation as SeMet and seleoncysteine, which
were assessed by ATP-utilizing and ATP-regenerating
pathways in the human sperm.

In conclusion, our results provide evidence that Se and
Vit-E are involved in modulating porcine sperm motility
and AR. Furthermore, the combination of SeMet and
SeMet + Vit-E may be involved in reducing the accu-
mulation of ammonia, and subsequently in increasing
the rate of AR and the utilization of glucose in porcine
spermatozoa.
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