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Abstract: The aim of present study was to characterize mtric oxide production via nitrite measurement as its
stable metabolite in the different species of spermatozoa (human, bull and ram). Sperm samples were fractionated

on the basis of density with the use of a three-layer Percoll gradient. Spermatozoa collected from the various
percoll gradient interfaces (50/70 and 70/95%). Results showed that nitrite is produced by human, bull and ram
spermatozoa, but in the same sample, there were no sigmficant difference between high density (with higher
percentage of motility) sperm subpopulation and low density (with lower percentage of motility) sperm
subpopulation Therefore, it seems that spermatozoa with different motility in the one sperm population have

the same production of NO in physiological condition that 15 different from pathological condition (e.g., in

the subfertile men).
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INTRODUCTION

Nitric Oxide (NO) 15 a molecule utilized throughout
the animal kingdom as a signaling or toxic agent between
cells. NO 13 now known to be produced by various
cells in different organs, including smooth muscle
cells, mesangial cells, neurons, platelets, hepatocytes,
macrophages, fibroblasts and epithelial cells. NO
regulates smooth muscle cell tone, platelet aggregation
and adhesion, cell growth, apoptosis, neurotransmission
and injury as well as infection-induced immune reactions
(Pacher et al., 2007, Lincoln ef al., 1997). Because these
biology,
physiology and pathophysiology of various reproductive
processes, it 1s highly likely that NO plays an important
role in reproduction (McCann et al., 1999).

processes are also associated with the

NO 1s synthesized umversally from L-argimne and
molecular oxygen by an enzymatic process that utilizes
electrons donated by NADPH. The NO synthase (NOS)
enzymes convert L-arginine to NO and L-citrulline via the
intermediate N-hydroxy-L-arginine. NO is generated either
by the constitutively expressed enzymes NOS-1 and
NOS-3 or the induced enzyme NOS-2. NOS-1 and NOS-3
are activated in response to physiological stimuli that
trigger an intracellular Ca® signal; they produce NO

rapidly and transiently at low levels. NOS-2 is not
expressed m resting cells but 1s mduced by immunological
stimuli such as bacterial lipopolysaccharide (LPS) or
cytokines such as TL-1, TNF-¢ or TFN-v (Michel and
Feron, 1997, Coleman, 2001).

In the past studies, NO has been recognized as a
molecule that importantly regulates the biology and
system and not
strong

physiology of the
surprisingly  then,
supporting a role for NO in modeling sexual and

reproductive

there is now evidence
reproductive functions in mammalian species. Following
the recognition of NO as a mediator of penile erection
(Bumett, 2006), NOS protein and activity have been
demonstrated both in male and female reproductive
organs (Bumett et al, 1995, Telfer et al, 1995),
suggesting an involvement of NO in the physiclogy of
reproduction. Evidence has been reported that NO can
also be generated by spermatozoa. An immunoreactivity
for NOS was observed in mouse, human (Herrero et af.,
1996) and bull sperm (Meiser and Schulz, 2003). The aim
of present study is to characterize nitric oxide production
(via nitrite measurement as a stable metabolite of mitrite
oxide) in the different species of spermatozoa (human, bull
and ram) and to examine the relation between NO
synthesis and sperm quality.
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MATERIALS AND METHODS
Chemicals: Hepes-buffered Tyrode albumin lactate
pyruvate (Hepes-TALP) medium components (114 mM
NaCl, 3.1 mM KCl, 0.3 mM NaH,PO, 2.1 mM CaCl,
0.4 mM MgCl,, 2 mM NaHCO,, 0.2 mM sodium pyruvate,
10 mM sodium lactate, 10 mM Hepes, 5 mg mL~' BSA
and 0.7 mg L™ Pen/Strep), Sulfanilamide 1% and N-1-
napthylethylenediamine dihydrochloride (NED) 0.1%
[under acidic (phosphoric acid) conditions] and Heparin
were purchased from Merck Chemical Co. (Bubendorf,
FRG). Lowry reagents, Earle’s Balanced Salts Solution
(EBSS) and Percoll solution were from Sigma Chemical Co.
(St. Louis, MO).

Preparation of human semen samples: Semen samples
were obtained by masturbation after 3-3 days of sexual
abstinence from 10 donors. All samples were allowed to
Liquefy for at least 30 min at 37°C.

Preparation of cauda epididymal spermatozoa from bull
and ram: After preparation of ten cauda epididymides
from abattoir and transport to laboratory close to ice,
were cut by a sterile scalpel, then 0.5 mL of the released
epididymal contents were transferred to 35 mm Petri
dishes containing 2 ml. of equilibrated Hepes-TALP
(for ram sperm) or Hepes-Heparin (10 pg mL™")-TALP
(for bull sperm) medium. All dishes contaimung samples
were incubated in a humidified atmosphere of 5% CO, in
air at 37°C.

Discontinuous percoll gradient: All samples were
evaluated for sperm concentration, motility and
morphology according to the WHO guwidelines (World
Health Orgamzation, 1992). Only specimens with normal
parameters (World Health Orgamzation, 1992) were used
in the experiments. Sperm samples were fractionated on
the basis of density with the use of a three-layer Percoll
gradient (de Lamirande and Gagnon, 1991). Spermatozoa
collected from the various percoll gradient interfaces
(50/70 and 70/95%) were washed by centrifugation at
500 x g for 20min in Hepes-TALP (for ram sperm), Hepes-
Heparin (10 pg mL™"-TALP (for bull sperm) or BSA-EBSS
medium (for human sperm).

Measurement of nitrite: Suspensions of human, bull and
ram spermatozoa (20x10° cells in 1 mL) obtained from the
two percoll gradient interfaces were mncubated for 24 h in
the their individual mediums. Nitrite production was
measured by adding 0.15 mL. of supernatant to 0.15 mI. of
Griess reagent (Green et al., 1982) and after 10 min
incubation at 37°C m the dark, absorbance at 540 nm was

measured using a light spectrophotometer. A blank was
prepared for each experimental condition in the absence
of cells and its absorbance was subtracted from that
obtained 1n the presence of cells. Nitrite concentration
was expressed as nanomoles of nitrite produced in
24 hmg™ cell protein. Mass protein of cells was measured
by method of Lowry ef al. (1951).

Statistical analysis: Statistical analyses were conducted
using SPSS version 14.0 for Windows (SPSS Institute
Inc.). All results are represented as meantSEM.
Comparisons were made using ANOVA. Statistical
significance was regarded when p<0.05.

RESULTS

Low-density (50/70% Percoll interface) and high-
density (70/95% Percoll interface pooled with a 95 layer)
sperm subpopulations were obtained by centrifugation on
discontinuous Percoll gradients. The low and lhigh-
density sperm subpopulation of human, bull and ram
incubated for 24 h in their culture media produced orderly
nitrite in the amounts of 74.9+11.8 and 42.5+7.4 (human),
356.9456.6 and 280.4450 (bull), 35.745.6 and 46.7+1 .9 (ram)
nanomole/24 h/cell protein. These amounts between low
and high density sperm  subpopulations
nonsignificant m the each species while between bull and

Wwere

other species were significant (p<0.05) (Fig. 1). Low
density sperm subpopulation of bull produced nitrite
4.75-fold more than Human and ten fold more than ram
low density sperm subpopulation. High density sperm
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Fig. 1. Comparison of the nitrite production between
Low Density (LD) and High Density (HD) sperm
subpopulations m each species and among
species. Values are meantSEM. *Significantly
different vs. corresponding control (p<0.05).
Different letters show sigmficant difference
(p<0.05)
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subpopulation of bull released nitrite 6.6-fold more than
Human and six fold more than ram high density sperm
subpopulation.

DISCUSSION

Nitric oxide (NO) 1s an important physiological
messenger and effector molecule in many biological
systems, including immunological, neuronal, reproductive
and cardiovascular tissues (Bredt and Snyder, 1994). Due
to its wnvolvement in these diverse systems, mterest in
measuring NO i biological tissues and fluids remains
strong. One means to investigate nitric oxide formation is
to measure nitrite (NO*7), which is one of two primary,
stable and nonvolatile breakdown products of NO. In this
study for evaluation of basal No production in different
motile sperm populations, we measured nitrite in culture
media after 24 h incubation of sperm (fractionated by
Percoll gradient).

There are two schools of thought as to the role of NO
in the maintenance of sperm motility. Detrimental
inhibitory effects have been reported by Rosselli et al
(1995) and Wemberg et al (1995) when millimolar
concentrations of exogenous NO donors were added to
sperm samples. Donnelly et al. (1997) showed that basal
release of NO by spermatozoa from normozoospermic
samples tended to be greater than that from
asthenozoospermic samples, suggesting a physiological
and beneficial role for endogenous NO in the preservation
of sperm motility. This is in accordance with the previous
observations that normozoospermic —spermatozoa
express more NOS and generate more mitrite than
asthenozoospermic spermatozoa (Lewis ef al, 1996).
These studies are not agreement with present study,
because we found that mitrite production mn low density
spermn subpopulation with low quality and motility, didn’t
show significant difference vs. high density sperm
subpopulation with high quality and motility.
Donnelly et al. (1997) has also demonstrated that there
was little difference m basal NO production between
samples with a good (>14% normal) or poor (<14%
normal) morphology. This study suggested that poor
quality semen 1s not associated with elevated basal NO
production and that the effects of Reactive Oxygen
Species (ROS) on sperm membranes, which depress sperm
function (Balercia et al., 2004; Twasaki and Gagnon, 1992)
are not mediated by basal NO per se. these data confirm
our results. O’ Brayan et al. (1998) also showed that there
was significant coloration between aberrant patterns of
human sperm eNOS expression and decreased sperm
motility. These data were inconsistence with Lewis ef al.
(1996), Domnelly et al. (1997) and present results.

Taken to gather, the present study showed that Basal
No 1s produced by human, bull and ram spermatozoa, but
in the same sample, there were no significant difference
between high density (with higher percentage of motility)
sperm  subpopulation and low density (with lower
percentage of motility) sperm subpopulation obtained by
Percoll gradient centrifugation. Therefore, it seems that
spermsatozoa with different motility in the one sperm
population have the same production of NO in
physiological condition that is different from pathological
condition (e.g., 1 the subfertile men) studied by others
researchers.
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