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The objective of this study was to assess the effects of nitric oxide
(NO) on heparin-induced capacitation in vitro of fresh bull sperm,
through the addition of Nw-nitro-L-arginine methyl ester (L-NAME,
a NO-synthesis inhibitor) and r-arginine (L-Arg, a NO-synthesis
precursor) to the capacitation medium. In Experiment 1, differ-
ent concentrations of L-NAME (0.1, 1, 10 mM) and of L-Arg (10 mM)
were added to the capacitation medium. Sperm motility and vigor
were subjectively appraised using direct light microscopy; sperm
membrane integrity was examined using a 2% Trypan blue solution
while the concentration of nitrate/nitrite (NO3~/NO,~) was deter-
mined by using the Griess method over a 5h capacitation period.
The addition of 10 mM L-NAME has inhibited NO synthesis, sperm
progressive motility, sperm vigor and sperm membrane integrity
(P<0.05) as compared to control. The addition of 10 mM L-Arg to
the capacitation medium increased all variables evaluated in com-
parison to the control (P<0.05). In Experiment 2, mitochondrial
activity was assessed through the MTT test (3-(4,5-dimetylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide), and sperm capacitation
was assessed through the test of penetration in homologous oocytes
after addition of the 10 mM L-NAME, and of the 10 mM L-Arg. The
addition of 10 mM L-NAME caused mitochondrial activity (40%) and
the percentage of oocytes penetrated (77%) to decrease in relation
to the control (P<0.05). After addition of 0.6 mM L-Arg+10 mM L-
NAME, partial reversal of mitochondrial activity did occur (only
20%). The addition of 10 mM L-Arg increased the percentage of
oocytes penetrated as compared to control (21%) (P<0.05). These
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results indicate that: (1) NO is involved in control of progressive
sperm motility, vigor, membrane integrity, and mitochondrial activ-
ity along the period of heparin-induced capacitation of fresh bovine
sperm via NOS/NO; (2) adequate L-Arg/NO concentrations into the
capacitation medium can potentiate heparin action or act inde-
pendently for increasing the number or the quality of capacitated
sperm.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Nitric oxide (NO) is a reactive nitrogen species that may act as an antioxidant or free radical in inter-
and intra-cellular signaling (Dixit and Parvizi, 2001). It is a gas that is colorless at room temperature
and pressure; it is biologically active in almost all cells of the organism and travels freely through the
membranes because of its low molecular weight (Lowenstein et al., 1994).

NO is synthesized during the conversion of L-arginine (L-Arg) into L-citrulline, through oxida-
tive reactions catalyzed by the enzyme nitric oxide synthase (NOS), by using oxygen, nicotinamide
adenine dinucleotide phosphate (NADPH) (Moncada and Higgs, 1993), flavine adenine dinucleotide
(FAD), flavine mononucleotide (FMN) (Donnelly et al., 1997) and calcium/calmodulin (CaM) as co-
factors. There are four isoforms of NOS: three that are constitutive and calcium-dependent - neuronal
(nNOS), endothelial (eNOS), mitochondrial (mtNOS) - and one that is inducible (iNOS) and calcium-
independent (Moncada et al., 1991). However, some research indicates that constitutive expression for
the iNOS gene in some cells (Gath et al., 1996).

Localization and function of some NOS isoforms have been described for sperm of several animal
species, such as cattle (Meiser and Schulz, 2003; O’Flaherty et al., 2004), rodent (Herrero et al., 1994,
1996; Bredt et al., 1991), human (O’Bryan et al., 1998; Francavilla et al., 2000), though most of those
experiments have been performed on humans and laboratory animals (rodents).

Sperm capacitation and acrosome reaction (AR) are indispensable events for the occurrence of
successful fertilization, both in vitro and in vivo, depending on the NO action, in cattle (Rodriguez et al.,
2005a; O’Flaherty et al., 2004), swine (Funahashi, 2002) and buffalo (Roy and Atreja, 2008). Increased
NO in the capacitation medium induces AR in cattle (Rodriguez et al., 2005a), human (Herrero et al.,
2000) and rodent (Guzman-Grenfell et al., 1999) sperm.

Nw-nitro-L-arginine methyl ester (L-NAME), an inhibitor of NO production, has been used in the
studies evaluating the role of NO in sperm capacitation and AR, because it competes with the NOS
for the same binding site of the L-Arg, a precursor of the NO synthesis (Moncada et al., 1991). The
literature contains little about the addition of L-NAME and L-Arg in bull sperm capacitation medium.
However, recent works indicate addition of L-NAME to cryopreserved bull sperm culture medium
has inhibited capacitation after 45 min, although sperm motility has not been assessed after treat-
ment with L-NAME (0.001, 0.01 and 0.1 mM; Rodriguez et al., 2005b). O’Flaherty et al. (2004) have
added L-Arg (10, 20, 30, 40, 50mM) to culture medium and have observed that a 10 mM addition
improved sperm motility, capacitation, and acrosome reaction of bull sperm after 45 min. Greater
concentrations have inhibited sperm motility and have not shown significant difference from the con-
trol with respect to integrity and AR, but have maintained the stimulatory effect on sperm capacitation.
Roy and Atreja (2008) verified that the addition of L-NAME (0.5 mM) to the culture medium for buf-
falo has inhibited sperm capacitation, and that the addition of L-Arg (15 and 20 mM) has decreased
sperm motility and integrity, while lesser concentrations (5 and 10 mM) caused capacitation to
increase.

In a present study, assessment of sperm motility, vigor, membrane integrity, sperm capacitation,
mitochondrial activity and dosage of nitrate/nitrite over a 5 h period were combined (Chamberland et
al., 2001) in assessing bull sperm capacitation, using fresh semen, after addition of 0.1, 1, and 10 mM
L-NAME and 10 mM L-Arg. With this approach, the role of NO on sperm quality during capacitation
was assessed to optimize in vitro embryo production in cattle.
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2. Materials and methods
2.1. Culture media and reagents

The basic medium used in sperm capacitation was the Modified Tyrode’s (sp-TALP) (Parrish et
al.,, 1988), supplemented with 6 mg/mL free of fatty acids BSA, 100 IU/mL penicillin, and 100 .g/mL
streptomycin. The washing medium employed in the sperm capacitation was that of Tyrode’s, modified
(Chamberland et al., 2001).

All reagents used were purchased from Sigma-Aldrich (St. Louis, MO, USA). Media were sterilized
by filtration before use, with 0.22 um sterile filtering units (Millipore Indtstrias e Comércio Ltda, Sdo
Paulo, Brazil) having gone through a 30-60 min pre-incubation period in a chamber at 38.5°C with a
humidified atmosphere of 95% of air and 5% CO, for stabilization. After this process, they have been
stored at 4°C. L-NAME (C7H15N504-HCl and FW 269.7) and L-arginine (CgH14N40,-HCl and FW 174.2)
were not diluted and added to capacitation medium until the start of the experiments.

2.2. Semen collection

Repeated measurement (n = 18) of fresh semen was used. The single Nelore (Bos indicus) bull used in
this study was maintained on pasture away from females. A serial collection of semen was performed
weekly, even when the semen would not be used, with the purpose of maintaining the semen quality.

Right after manual massage of vesicle glands, the semen was collected with an electro-ejaculator
(HAYONIK, FTM 1201, PR-Brazil) and was immediately transported in an insolated container (30-35 °C)
to the laboratory.

2.3. Preparation of sperm and sperm capacitation

The semen was submitted to centrifugation at 700 x g for 10 min, on a 45 and 90% Percoll gradient
(Parrish and Eid, 1994), to separate those sperm with greater integrity for the different treatments.
After centrifugation, the supernatant was stored at —20 °C for later dosing of nitrate/nitrite (NO3~/NO,)
and the pellet formed was washed in a 3 mL washing medium (Chamberland et al., 2001) and then
submitted to one more centrifugation at 200 x g for 3 min. From the resultant sediment, sperm motility
and vigor were assessed, and then sperm concentration was calculated.

Sperm capacitation in vitro was induced in a 200 L sp-TALP capacitation medium containing
20 pg/mL heparin, within a 38.5°C chamber with humidified atmosphere, 95% air and 5% CO,, for
a 5h period (Parrish et al., 1988). The sperm concentration used for each experiment was adjusted to
50 x 10% sperm/mL.

2.4. Invitro assessment of sperm quality during capacitation

2.4.1. Sperm motility and vigor

Assessment of sperm motility (percentage of sperm with progressive motility) and of sperm vigor
(the strength of motion, which influences motion speed) were evaluated by direct light microscopy
at 400x magnification (ZEISS, Jenamed, Germany). Vigor has been rated from zero to five, zero rep-
resenting the absence of progressive motility with little or negligible lateral tail displacement, and
five representing energetic, fast and, most often, progressive sperm motility (Manual for Andro-
logic Testing and Assessment of Animal Semen, of CBRA—Colégio Brasileiro de Reprodu¢do Animal,
1998).

Because after 1h in the capacitation medium, sperm aggregation occurs in the lateral region of
the head, and agglutination occurs after 4 h, it has not been possible to evaluate sperm motility by
using a computerized method (Hamilton Thorne Research, version 10.8q, Beverly, MA, USA), because
the program recognizes the sperm by its pre-defined size. Still, in spite of the sperm being aggregated
head-to-head, we were able to evaluate the percentage of sperm that had progressive motility, by using
the subjective method.
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2.4.2. Sperm plasma membrane integrity

The sperm were assessed for membrane integrity, by using vital staining with Trypan blue at 2%
(Didion et al., 1989). Sperm (n=200) were assessed, being classified either as intact (not stained) or
damaged (blue-stained).

2.4.3. Dosage of nitrate/nitrite (NO3~/NO> ™)

The NO3~/NO,~ concentration in capacitation medium was measured by using the Griess colori-
metric method (Ricart-Jane et al., 2002), for 5h (0.25, 1, 2, 3, 4 and 5). The Griess reagent is composed
of a mixture of 2% sulfanilamide and 0.2% NNED in deionized water. The first reaction in the sample
occurs with the nitrite to form the diazonium salt, which reacts together with the second reagent
to produce the purple color with an absorbance peak of 540 nm. To reduce the nitrate to nitrite, the
samples (40 L) were incubated with a 40 p.L mixture containing 1000 pL of the nitrate reductase
enzyme originated from bacteria (100 L of the enzyme (10 IU) diluted in deionized water + 900 L of
deionized water), 1000 L of the cofactor NADPH (5 mg/mL diluted in deionized water) and 1000 pL
of potassium phosphate buffer (0.5 M). The samples were incubated at 37°C for 14-16h in 96-well
plate. Thereafter, 80 L of the Griess reagent were added to the samples. All solutions were protected
from light during stocking and assay period.

A standard curve with sodium nitrite diluted in sp-TALP containing known values of nitrite was
performed, where the minimum value of nitrite was 0.5 M and the maximum, 100 uM. With the
absorbance values a dispersion graph was drawn. The relationship between absorbance and concen-
tration of NO3~/NO,~ was found to be linear (R =1; P<0.05).

Oninhibiting capacitation with L-NAME, one expects a reduction in NO production to occur, because
one is inhibiting the constitutive NOS, an enzyme that is responsible for the conversion of L-Arg into
L-citrulline and the liberation of NO.

2.4.4. Determination of mitochondrial activity

Mitochondrial activity was verified right after the 5h capacitation period, by using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide salt (MTT) method. Kinetics analysis has not
been performed, as the large number of samples made it impossible to proceed with mitochon-
drial activity assessment for all treatments simultaneously and along the 5 h period of capacitation.
This assay is based on the ability of live cells that have active mitochondria to reduce yellow tetra-
zolium salt (MTT) to the formazan blue final product (dietylthiazol) (Mosmann, 1983). At the end
of capacitation, 100 L of culture medium were removed in order to proceed with the dosages
needed, and only 100 L of medium remained. Thus, 10 pL of MTT (5 mg/mL) were added to each
well, and next the sperm were incubated inside the 37°C chamber for 3 h. Thereafter, to solu-
bilize the crystals formed, 110 wL acidified isopropanol (0.04N HCI) containing 10% Triton X-100
was added and remained for 14-16h at room temperature. After that period, reading took place
of a spectrophotometer (Multiskan EX Primary EIA V 2.1-0) with 570 nm wave length and 670 nm
background subtraction. The relationship between absorbance and the number of cells was deter-
mined by previous incubation with MTT of known quantity of cells, thus creating a standard
curve.

2.5. Assessment of sperm capacitation by penetration test in homologue oocytes

2.5.1. Selection and in vitro maturation of oocytes

Oocytes grade 1 and 2 were selected in agreement with quality rating reported by de Loos
et al. (1989). The oocytes selected were washed 3-4 times in a washing medium (tissue culture
medium—TCM 199 with HEPES, supplemented with 5% FCS, 10 IU/mL penicillin and 100 p.g/mL strep-
tomycin), and thereafter transferred to the maturation medium (TCM 199 with 10% FCS, 5 g LH and
0.5 g FSH, plus the above mentioned antibiotics). Maturation was performed in 100 L drops under
mineral oil within a chamber at 38.5°C with an atmosphere of 5% CO-, for 22 h. After this period,
removal of cumulus cells was performed by mechanical pipetting.
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2.5.2. Invitro fertilization

The previously capacitated sperm were washed in sp-TALP +BSA for removal of the treatments.
A concentration at 1.6 x 106 sperm/mL was set. Such sperm were co-incubated during 5h (Dominko
and First, 1997) at 38.5°C under a humidified atmosphere (95% air and 5% CO,), together with the
oocytes (n=22) in fertilization drops (110 w.L—TALP medium with 6 mg/mL fatty acid-free BSA, 2 mM
penicillamin, 1 mM hipotaurine, 250 mM epinefrine, 100 IU/mL penicillin and 100 g streptomycin),
in agreement with Parrish et al. (1988).

2.5.3. Assessment of penetration percentage

After the 5h period, oocytes were mounted between a slide and coverslip, fixed in acetic
acid:ethanol (1:3), for 24-72 h and stained with orcein at 2% in acetic acid (40%).

The sperm penetration rate was determined in agreement with Rosenkranz and Holzmann (1997),
with oocytes classified either as non-penetrated or penetrated, where sperm head was observed, as
well as descondensation of chromosomes or formation of the pronuclei male and female. This test
indirectly evaluates sperm capacitation and acrosome reaction (Brackett et al., 1982), because only
fully capacitated sperm can bind to the zona pellucida, undergo acrosome reaction and penetrate the
oocyte plasma membrane.

2.6. Experiments

2.6.1. Experiment I: Kinetics of L-NAME and L-Arg action during capacitation

Assessment has been performed of the effect of the addition of different concentrations of L-NAME
(0.1,1and 10 mM) and 10 mM L-Arg (O’Flaherty et al., 2004) to the heparin-induced in vitro capacitation
medium (T-H) for time periods 0.25, 1, 2, 3, 4 and 5 h. The control consisted of sperm cultured both
in TALP plus heparin and in 10 mM D-NAME, an enantiomer for L-NAME. To evaluate if the effects
observed after the treatment with L-NAME were caused by the NO synthesis inhibition, 0.6 mM L-
Arg was added (Francavilla et al., 2000) to the treatment with the concentration that decreased the
variables evaluated.

The following variables were analyzed: motility, vigor, and membrane integrity of the sperm. For
all time periods evaluated, the capacitation medium was collected and stored at —20°C for posterior
dosing of nitrate/nitrite (NO3~/NO,). The experiment was completed with 6 iterations.

In Experiment I, the results respective to the addition of different L-NAME and L-Arg concentrations
were assessed in relation to concentration and time as affecting sperm motility, sperm vigor, and sperm
membrane integrity, and the concentration of nitrate/nitrite.

2.6.2. Experiment II: Role of NO in sperm capacitation and mitochondrial activity in vitro

Mitochondrial activity and sperm capacitation were evaluated after the 5h culture period, only
for those L-NAME (10mM) and L-Arg (10 mM) concentrations that showed significantly different
results from the control in Experiment 1. The control consisted of T+H, 10 mM D-NAME and 0.01 M
L-NAME + 0.6 mM L-Arg. The experiment was repeated six times.

2.7. Statistical analysis

The data were first analyzed by using the SAS (Statistical Analysis System, Cary, NC, USA) and then
submitted to analysis of variance (PROC GLM) for verification of the effects of concentration and time
on the characteristics studied, as well as verification of averages as compared by the Tukey test, at a
5% probability.

3. Results
3.1. Experiment I: Kinetics of L-NAME and L-Arg action during capacitation

3.1.1. Assessment of sperm motility
There was interaction between treatment and specific time when sperm motility was analyzed
during the 5 h-capacitation period (P< 0.05, Table 1). The addition of 10 mM L-NAME caused the per-
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Table 1
Effect of progressive sperm motility from addition of Nw-nitro-L-arginine methyl ester (L-NAME) and L-arginine (L-Arg) at
different concentrations during in vitro capacitation of bull sperm (5 h).

Treatment Time (h)
0.25 1 2 3 4 5

Control 80 + 0Aa 77 £+ 5Aab 73 £ 5ABCb 65 + 5Abc 55 + 5Bc 37 + 8Bd
L-NAME

0.1 mM 80 + 0Aa 78 + 4Aab 73 £ 5ABCbc 67 + 5Ac 50 + 6BCd 35 + 4Be

1.0mM 80 + OAa 78 + 4Aa 75 + 5ABCab 67 + 5Ab 50 + 6BCc 33 + 4Bd

10 mM 80 + OAa 75 + 5Aa 68 + 4Cb 55 + 8Bc 42 + 10Cc 25 + 2Cd
10 mM D-NAME 80 + 0Aa 73 £+ 5Ab 70 £ 0BCbc 67 + 5Ac 55 + 5Bd 38 + 7Be
10 mM L-NAME + 0.6 mM L-Arg 80 + 0Aa 78 + 4Aa 77 + 5ABa 70 + 0Ab 60 + 1Bc 40 + 5Bd
10 mM L-Arg 80 + 0Aa 80 + OAa 80 + 0OAa 73 £+ 5Ab 67 + 5Abc 60 + 6Ac

Averages followed by different upper case letters (A-C) in same column show differences (P<0.05) for each time, among the
different concentrations. Averages followed by different lower case letters (a-d) in same row show differences (P<0.05) for each
concentration, at the different times. Data are presented as average 4 SD of six replications in percentage.

centage of bull sperm with progressive motility to decrease after 3 h during the in vitro capacitation,
as compared to the control and to lesser concentrations (0.1 and 1.0 mM L-NAME, Table 1). The addi-
tion of 0.6 mM L-Arg to the 10 mM L-NAME in capacitation medium reversed the inhibitory effect at
every assessment time point. The addition of 10 mM L-Arg into capacitation medium increased pro-
gressive sperm motility as compared with the control and other concentrations, from 4 h onwards
(Table 1).

3.1.2. Assessment of vigor

There was no interaction between the treatment and the time (P<0.05) at which vigor in sperm was
analyzed during capacitation. There were differences (P<0.05) between treatments and, particularly
between specific times (Fig. 1, panel a).

The addition of 10 mM L-NAME caused vigor of bull sperm to decrease during in vitro capacitation,
as compared with the control. However, at the greater concentration, 10 mM, the vigor of the sperm
did not differ from that seen at 0.1 and 1.0 mM L-NAME. The addition of 0.6 mM L-Arg to the 10 mM L-
NAME in capacitation medium reversed the inhibitory effect of 10 mM L-NAME. The addition of 10 mM
L-Arg into capacitation medium improved vigor of bull sperm as compared with the control and the
other concentrations (Fig. 1, panel a).

3.1.3. Assessment of sperm membrane integrity

There was an interaction between the treatment and the specific time when sperm membrane
integrities were determined during the 5 h-capacitation period (P<0.05; Table 2). The addition of
10 mM L-NAME caused sperm membrane integrity to decrease after 3 h of capacitation, when com-
pared with controls and other concentrations. The addition of 0.6 mM L-Arg to the 10 mM L-NAME in
the capacitation medium, reversed the inhibitory effect of 10 mM L-NAME, having greater values than
those of control after 1h of capacitation. The addition of 10 mM L-Arg increased sperm membrane
integrity, as compared with the control and other concentrations, after 0.25 h of capacitation (Table 2).

3.1.4. NO3~/NO,~ concentration in the capacitation medium

There was a significant difference (P<0.05) in the NO3~/NO,~ concentrations during the capac-
itation period (5h) (Fig. 1, panel b). There was a dose-response effect on the concentration of
nitrate/nitrite after addition of different concentrations of L-NAME, as compared with the control and
itsinactive isomer (D-NAME). The addition of 0.6 mM L-Arg to the 10 mM L-NAME, into the capacitation
medium, reversed the inhibitory effect of L-NAME in the NO synthesis, with greater concentrations
(5%) resulting than those of control (P<0.05). The addition of 10 mM L-Arg increased NO3~/NO,~
concentration (21%), as compared with the control and other concentrations (P<0.05) (Fig. 1, panel b).
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Fig. 1. Vigor (panel a) and concentration of nitrate/nitrite in the culture medium (panel b) of bull sperm treated with different
concentrations of Nw-nitro-L-arginine methyl ester (L-NAME) and L-arginine (L-Arg), during the capacitation in vitro (5h).
Different letters indicate differences (P<0.05). Data are presented as average + SD of six replications in percentage.

3.2. Experiment 2: Role of NO in sperm capacitation and mitochondrial activity in vitro

3.2.1. Mitochondrial activity

There was a difference (P<0.05) in the mitochondrial activity evaluated by MTT method after the
in vitro capacitation (5 h) (Fig. 2, panel a). Sperm treated with 10 mM L-NAME had lesser absorbance

Table 2

Percentages of membrane intact bull sperm after addition of Nw-nitro-L-arginine methyl ester (L-NAME) and/or L-arginine
(L-Arg) during in vitro capacitation (5 h).

Treatment Time (h)
0.25 1 2 3 4 5

Control 76 + 9BCa 70 + 3Ba 57 £+ 6Cb 48 + 5Cb 39 + 4Cc 35 + 6Bc
L-NAME

0.1 mM 71 £+ 9Ca 67.6 + 9Bab 55.5 + 8Cb 51 + 9Cbc 39 + 4Cc 33 4+ 5Bc

1.0mM 73 £+ 11BCa 65 + 11Bab 58 £+ 11Cbc 51 £ 10Ccd 40 + 4Cde 34 4 5Be

10 mM 73 + 9BCa 62 + 8Ba 54 + 9Cab 44 + 9Dbc 30 £ 5Dcd 23 +3Cd
10 mM L-NAME + 0.6 mM L-Arg 85 + 3ABa 62 + 2Aa 74 + 3Bb 65 + 5Bcd 55 + 5Bd 42 + 3Be
10 mM D-NAME 76 £+ 5BCa 72 £ 3Ba 58 &+ 3Cb 51 £ 5Cb 40 + 3Cc 33 £ 5Bc
10 mM L-Arg 88 + 2Aa 88 + 2Aa 86 + 2Aab 8 + 2Ab 81 + 3Ab 78 + 2Ab

Averages followed by different upper case letters (A-C) in same column show differences (P<0.05) for each time, among the
different concentrations. Averages followed by different lower case letters (a-d) in same row show differences (P<0.05) for each
concentration, at the different times. Data are presented as average + SD of six replications in percentage.
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Fig. 2. (a) Mitochondrial activity of bull sperm treated with different concentrations of Nw-nitro-L-arginine methyl ester (L-
NAME) and L-arginine (L-Arg) after the capacitation in vitro (5h) and (b) percentage of penetrated oocytes in result of IVF with
previously capacitated sperm (5 h) at different concentrations of L-NAME and L-Arg. The number of oocytes examined in each
treatment is shown at the base of each bar. Data are presented as average + SD of six replications in percentage. Different letters
indicate statistical difference between groups (P<0.05).

(40%) when compared with the control and D-NAME. The association of 0.6 mM L-Arg with 10 mM
L-NAME in the capacitation medium had greater absorbance (20%) than that of sperm treated with
10 mM L-NAME, but this was not sufficient to reverse the inhibitory effect (Fig. 2, panel a). The addition
of 10 mM L-Arg caused mitochondrial activity to increase (11%) as compared with the control (P < 0.05).

3.2.2. Sperm capacitation

There was a significant difference in the treatments when of the assessment of the NO role after
the in vitro capacitation (5 h) (Fig. 2, panel b). Oocytes co-incubated with sperm treated with 10 mM L-
NAME had less oocyte penetration (23%) when compared to oocytes co-incubated with sperm without
and with D-NAME (controls). The addition of 0.6 mM L-Arg reversed the inhibitory effect that resulted
from addition the of L-NAME (10 mM) (Fig. 2, panel b). Oocytes co-incubated with sperm treated with
10 mM L-Arg had greater oocyte penetration (21%) than those observed in the control (P<0.05) (Fig. 2,
panel b).
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4. Discussion

The present study demonstrated that inhibition of NO synthesis by L-NAME (10 mM) in culture
medium for fresh bull sperm capacitation caused, from 3 h onwards, a decrease in sperm motility,
vigor, membrane integrity, mitochondrial activity, and heparin-induced capacitation in vitro. Decrease
of sperm motility after addition of L-NAME has been described, in the literature, for hamster sperm
(Kameshwari et al., 2003). However, Francavilla et al. (2000) observed no change in human sperm
motility upon adding L-NAME at varying concentrations (0.1, 0.6 and 1.2 mM) to the capacitation
medium after 30 min of incubation. Neither did Rodriguez et al. (2005b) observe any change in bull
sperm upon adding L-NAME (0.001, 0.01, 0.1 and 0.5 mM) after 45 min of culture.

Decrease of sperm membrane integrity after addition of NO-synthesis inhibitors has been described
in humans (Rosselli et al., 1995). Sperm are protected by antioxidant substances and antioxidant
enzymes that are present in seminal plasma and in sperm (Kim and Parthasarathy, 1998). When cul-
tured in vitro, sperm become susceptible to oxidative damage due to an imbalance in redox status (Kim
and Parthasarathy, 1998). The NOS/NO pathway provides an important antioxidant action that protects
cells from lipid peroxidation, that is, from the reaction of free radicals with lipids in cell membranes
(Srivastava et al., 2006), resulting in destruction/modification of numerous lipid molecules, and lead-
ing to loss of the sperm membrane integrity. A decrease in sperm membrane integrity was observed
after 3 h incubation with the 10 mM L-NAME concentration, suggesting that the decrease in NO con-
centration after the addition of L-NAME may lead to a increase in lipid peroxidation. For cattle, this is
the first report to demonstrate that the addition of L-NAME to sperm capacitation medium decreases
sperm membrane integrity.

In the present study, addition of L-NAME induced a dose-response effect on the decrease of NO syn-
thesis, demonstrating that the L-NAME effect on control of sperm motility, vigor, membrane integrity
and capacitation of bull sperm was due to a decrease in the NO synthesis. This hypothesis reinforced by
the fact that the addition of its inactive isomer (D-NAME) did not show to have any effect on any of the
variables that were appraised, and addition of 0.6 mM L-Arg reversed all inhibitory effects promoted
by L-NAME.

A decrease in cellular NO concentration affects the mitochondrial activity (Brookes et al., 2003),
because it causes an imbalance in the NO/O, ratio, because NO and O, compete for the center of
reaction of the cytochrome oxidase enzyme (Boveris et al., 1999), suggesting less ATP production by
the respiratory chain (Brookes et al., 2003). This reaction may lead not only to alterations in sperm
motility and vigor but also to biochemical reactions that result in less fertilization potential of bull
sperm.

The assessment of NO role in sperm capacitation in vitro has been performed by penetration test
after the addition of 10 mM L-NAME. There was a decrease in percentage (77%) of the bull sperm
penetrating homologous oocytes, suggesting that this may have occurred due to the decrease in NO
synthesis. These results corroborate those observed by Francavilla et al. (2000) in humans, which have
demonstrated a decrease in the percentage of L-NAME-treated sperm penetrating the zona pellucida
after 5 h in culture, although with lesser L-NAME concentrations (0.1, 0.6 and 1.2 mM). Rodriguez et al.
(2005b) demonstrated in cattle that capacitation was inhibited by addition of L-NAME (0.001, 0.01 and
0.1 mM) to the culture medium, as assessed by chlortetracycline (CTC) assessment of acrosomal status
during 45-min of incubation. Recently, inhibition of capacitation has been also demonstrated in buffalo
sperm and assessed by induction of the acrosome reaction after 6 h capacitation by addition of 0.5 mM
L-NAME (Roy and Atreja, 2008). These differences in sperm capacitation-inhibiting concentrations
among studies can be explained by three factors: (1) in this present research, fresh semen was used
rather than cryopreserved (Rodriguez et al., 2005b); (2) in previous research where fresh semen was
used, physiological differences were observed between the human (Francavilla et al., 2000) and buffalo
(Roy and Atreja, 2008) sperm in regard to sensitivity to a decrease in NO concentration in the culture
medium; (3) the length of assessment period.

In the present experiment, a decrease in mitochondrial activity (40%) of sperm after a 5h cul-
ture in the capacitation medium was observed with 10 mM L-NAME. However, after the addition of
0.6 mM L-Arg to the 10 mM L-NAME, restoration of only 20% of the mitochondrial activity took place,
different from the total restoration observed for the other variables assessed (sperm motility, vigor,
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membrane integrity, NO concentration, and capacitation). Besides, NO offers additional mechanisms
of action those benefit mitochondrial activity. Nevertheless, the hypothesis that this partial recovery
of mitochondrial activity is reflected in the further development of the embryo cannot be negated.

Another possible mechanism of action of NO during capacitation is in cytoskeleton dynamics
(Brenner et al., 2003; Breitbart et al., 2005). Thus, a decrease in NO concentration after treatment
with 10 mM L-NAME may have prevented polymerization of the actin filaments that occurs during
this process in the acrosome (Brenner et al., 2003; Cohen et al., 2004), also suggesting a decrease in
sperm motility and vigor, because this filament is also present in the sperm tail, and thus involved in
sperm motility (Virtanen et al., 1984).

The addition of 10 mM L-Arg improved all of the sperm quality variables appraised in the present
research: sperm motility, vigor, membrane integrity, mitochondrial activity and heparin-induced
capacitation in bull sperm. Sperm motility improvement after addition of L-Arg has been described for
human sperm (Keller and Polakoski, 1975; Mendez and Hernandez, 1993) and has been successfully
used in treatments for some fertility problems (Mendez and Hernandez, 1993). In the present research,
the increase in sperm motility and sperm membrane integrity observed after addition of 10 mM L-Arg
may result from amino acid serving as substrates for the NO synthesis, allowing sperm to spare L-Arg
from their own reserves. Roy and Atreja (2008) and O’Flaherty et al. (2004) did not note any significant
difference in sperm motility or integrity after addition of L-Arg (10 mM) to the capacitation medium
for buffalo and bull sperm cultured for 6 h and 45 min, respectively. The difference between these
previous findings and the present study may be accounted by the fact that in buffalo there is enough
L-Arg to promote capacitation (Roy and Atreja, 2008) and also by the much shorter period of culture
used by O’Flaherty et al. (2004) for cattle. In the present research, there was a significant increase both
in sperm motility and integrity only from 4 h of incubation onwards.

In the present experiment, the effect of adding 10 mM L-Arg to capacitation was evaluated, by using
the oocyte penetration test. The increase of NO concentration and percentage of oocytes penetrated
by the sperm treated (21%) suggest that L-Arg has promoted an increase in the percentage of sperm
capacitated through increased biosynthesis of nitric oxide, be it by increasing the glycolytic metabolism
or by decreasing the lipid peroxidation in the sperm (Srivastava et al., 2006). These results corroborate
those observed by Funahashi (2002) (pig), Roy and Atreja (2008) (buffalo) and O’Flaherty et al. (2004)
(cattle), where there was an increase in capacitation rate after addition to the culture medium of
2 mmol; 5 and 10 mM and 10-30 mM L-Arg, respectively. Differences in concentration that starts to
stimulate capacitation are due to physiological differences among the animal species and to the time of
the assessment of in vitro capacitation. In the present study sperm L-Arg and heparin were both used in
the incubation medium, while L-Arg was used alone in the capacitating medium in previous studies, a
fact that suggests that L-Arg may be used together with heparin for potentiating its capacitating action
on bull sperm.

After adding 10 mM L-Arg in the present study, an increase in sperm membrane integrity in relation
to control from the first 15 min onwards was observed. Such an increase was observed as having been
sustained for the remaining part of the 5-h culture period, with no significant difference from the con-
trol at 0.25 h. In spite of having occurred, alterations in the sperm plasma/acrosome membrane during
capacitation (Didion et al., 1989), maintenance of sperm membrane integrity during the capacitation
process as observed in the present experiment is not related to a capacitation decrease, because there
was a 21% increase in number of oocytes penetrated by sperm treated with 10 mM L-Arg. This, together
with the NO protective action described with evaluation of L-NAME addition, may explain the results
of Srivastava et al. (2006), when addition of L-Arg to capacitation medium increased protection of ram
sperm against damage from lipid peroxidation in vitro, preserving sperm integrity.

Besides an increase in sperm motility, vigor, membrane integrity and capacitation after the addition
of 10mM L-Arg, there was also an increase in sperm mitochondrial activity (11%) after 5-h culture
in capacitating medium (TALP + heparin), as compared with the control. These data, together with
the data observed after the addition of 10 mM L-NAME, support the hypothesis that one of the NO
mechanisms of action in sperm capacitation is control of mitochondrial respiration (Brookes et al.,
2003).

These results indicate that (1) NO is involved in control of progressive sperm motility, vigor, mem-
brane integrity, and sperm mitochondrial activity along the period of heparin-induced capacitation
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of fresh bull sperm via NOS/NO; (2) adequate NO concentrations into the capacitation medium may
potentiate heparin action or may act independently in increasing number or quality of capacitated
sperm; (3) L-Arg/NO modulating mitochondrial activity during capacitation. Other mechanisms of
the NO/L-Arg action during sperm capacitation should be assessed to verify if the increase in sperm
motility, vigor, membrane integrity, mitochondrial activity and capacitation promoted by addition of
L-Arg are associated with fertilization potential of the sperm and, consequently, with an increase in
the production of cattle embryos, in vitro.
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