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a  b  s  t  r  a  c  t

This  study  evaluated  different  methods  of  frozen–thawed  sperm  selection  and  capacita-
tion  in  goats  for further  use  in  reproductive  biotechnologies.  In Experiment  1, semen  was
processed  by  the  following  techniques:  mini-Percoll,  swim-up,  or  washing  by  centrifuga-
tion.  In  Experiment  2, mini-Percoll  selected-sperm  was  subjected  to  capacitation  induction
by incubation  with:  50 �g/mL  heparin,  10 �M, 50 �M, or 100  �M of  sodium  nitroprusside
(SNP).  Motility,  vigor,  acrosome,  and  plasma  membrane  (PM)  integrity  were  evaluated  after
thawing  and  after  each  treatment  of  sperm  selection  or capacitation.  In Experiment  1,  wash-
ing by  centrifugation  presented  greater  (43%;  P  < 0.05)  spermatozoa  recovery  rate  than  the
other treatments.  The  swim-up  technique  showed  the lowest  (P  <  0.05)  progressive  motil-
ity  (41%).  Spermatozoa  presenting  both  intact  PM (P =  0.0002)  and  acrosome  (P =  0.0004)
showed  an  interaction  effect  between  the  buck  and swim-up  technique.  In  Experiment
2,  the  addition  of  100  �M SNP  resulted  in  greater  (P  <  0.05)  motility  and  vigor  (38%;  4.7),
respectively,  than did  heparin  (28%;  4.3).  An  enhancement  (P <  0.05)  in  vigor  was  obtained
after  all  treatments  in  comparison  with  the evaluation  after  thawing  (3.3).  In  conclusion,

mini-Percoll  was  better  than swim-up  for  preparing  frozen–thawed  goat  sperm,  whereas
washing  by  centrifugation  technique  presented  similar  rates  to mini-Percoll  and  could  also
be  used. The  use  of 100 �M SNP  resulted  in better  motility  and  vigor  than heparin  treatment.

©  2015  Elsevier  B.V.  All  rights  reserved.
1. Introduction
The in vitro embryo production (IVP) has the advan-
tage of selecting and using both male and female gametes,
allowing the birth of several kids from a single high

∗ Corresponding author. Tel.: +55 21 2629 2595; fax: +55 21 2629 2433.
E-mail address: joannavet@gmail.com (J.M.G. de Souza-Fabjan).

http://dx.doi.org/10.1016/j.smallrumres.2015.04.009
0921-4488/© 2015 Elsevier B.V. All rights reserved.
genetic merit female. Many studies have been carried
out in an attempt to determine the most suitable condi-
tions for in vitro maturation, fertilization and development
in order to maximize goat embryo production rate and
quality (Souza-Fabjan et al., 2014). Among the differ-

ent factors that may  affect IVP results, probably the
main ones are oocyte (Souza-Fabjan et al., 2014) and
spermatozoa quality (Hansen, 2006). However, studies
on goat spermatozoa preparation have received little
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ttention in IVP systems (Palomo et al., 1999; Rho et al.,
2001).

The introduction of in vitro fertilization (IVF) during the
980s led to the development of a wide range of different
perm separation methods. Initially, the sperm prepara-
ion started with simple washing of spermatozoa and then
volved to separation techniques based on principles like
igration, or density gradient centrifugation. The ideal

perm separation technique should (i) be quick, easy and
ost-effective, (ii) isolate as much motile spermatozoa as
ossible, (iii) not cause sperm damage or nonphysiologi-
al alterations of the separated sperm cells, (iv) eliminate
ead spermatozoa and other cells, including leukocytes and
acteria, (v) eliminate toxic or bioactive substances like
ecapacitation factors or reactive oxygen species (ROS),
nd (vi) allow processing larger volumes of ejaculates
Henkel and Schill, 2003).

In 1990, a method of sperm preparation consisting of a
educed volume of a discontinuous Percoll gradient (mini-
ercoll) was proposed (Ord et al., 1990). The two-layer
ercoll gradient showed a higher sperm recovery than the
ini-Percoll method, but the latter resulted in a higher per-

entage of motility and a higher sperm survival rate at 24 h
Kunathikom et al., 1998). However, the number of stud-
es on the effect of swim-up and Percoll methods on goat
permatozoa is very limited in comparison with human or
ovine, and the present authors are not aware of any pub-

ished study comparing the goat spermatozoa obtained by
wim-up or mini-Percoll separation on goats.

Spermatozoa must undergo capacitation and acrosome
eaction to be able to fertilize, causing the release of pro-
eolytic enzymes that may  assist sperm penetration into
he oocyte. Any agent that causes Ca2+ entry into the sperm
crosome and an increase of intracellular pH enables capac-
tation and later fertilization to be accomplished (Amoah
nd Gelaye, 1997). However, efficient systems for induction
f capacitation and acrosome reaction of goat spermatozoa
ere still not established. It was already reported the use

f heparin (Zhou et al., 2004), caffeine (Pereira et al., 2000;
v et al., 2009), calcium ionophore (Pereira et al., 2000; Lv
t al., 2009) and estrus sheep serum (Souza-Fabjan et al.,
014) as capacitating agents for goat semen. The mecha-
ism for sperm capacitation of sodium nitroprusside (SNP)

s related to the release of nitric oxide that induces the
apacitation by means of intracellular mechanisms that
eem to be involved with the activation of protein kinases
Rodriguez et al., 2005). Even though the efficiency of SNP
as already evaluated in many species, such as bovine

Rodriguez et al., 2005) and bubaline (Boccia et al., 2007),
t was never tested in caprine spermatozoa.

The aim of the present study was to enhance spermato-
oa quality for assisted reproduction by comparing the
ffectiveness of: (i) mini-Percoll, swim-up, and washing by
entrifugation procedures on the collection of high-quality
rozen–thawed goat spermatozoa and (ii) heparin or SNP
t different concentrations as capacitating agents.
. Materials and methods

All the experiments were carried out at Fluminense Federal University
UFF), Niterói (Brazil, latitude 22◦53′ S, longitude 43◦06′ W).  The proce-
ures were approved by the local ethic committee (protocol approval:
 Research 127 (2015) 44–49 45

159/11). Two experiments were performed to examine the impact of dif-
ferent spermatozoa preparation techniques using goat semen.

2.1. Reagents

All chemicals were from Sigma Chemical (St. Louis, MO,  USA). Excep-
tions were Percoll gradients (90 and 45%) and buffered saline solution
(DPBS; Dulbecco’s Phosphate Buffered Saline) obtained from Nutricell
(Campinas, Brazil) and Giemsa staining acquired from Reagen Quimibrás
(Rio de Janeiro, Brazil).

2.2. Animals and spermatozoa samples

Commercial semen straws from the same batch (ejaculate) from Saa-
nen bucks, aging 2–5 years old, sexually matured and of proved fertility
were used. All straws were maintained frozen in liquid nitrogen until
their use. The data presented were obtained from nine bucks (Experi-
ment 1) or seven bucks (Experiment 2), using one straw from each buck
per treatment. In both experiments, all treatments were repeated three
times (triplicates). Each replicate of all treatments was performed in the
same day and by the same operator.

2.3. Experiment 1

Semen straws of 0.25 mL  were thawed at 38 ◦C for 30 s and homog-
enized in warmed microtubes. After thawing, each dose/straw was
subjected to a different method of spermatozoa selection: mini-Percoll
gradient, swim-up or spermatozoa washing by centrifugation. For all
treatments, after thawing, spermatozoa were subjected to concentration,
progressive motility (0–100%), and vigor analysis (0–5). After the dif-
ferent spermatozoa selection techniques, besides the same evaluations,
spermatozoa recovery rate and acrosome and plasma membrane integrity
were also observed.

2.3.1. Mini-Percoll density gradient
In view of the batch-dependence of the quality of Percoll (Avery and

Greve, 1995) it is necessary to note, that during the experiments the den-
sity  gradients were made from the same batch of Percoll. The gradient
was formed by pipetting 400 �L of 90% Percoll solution into a 2 mL  micro-
tube and then overlaying it with 400 �L of 45% Percoll solution (Machado
et al., 2009). After the preparation, the microtube was warmed to 37 ◦C.
One  straw was placed onto the top of the 45% layer and then centrifuged at
14,000 × g at room temperature for 5 min. After removal of supernatant,
the  resulting pellet was washed with 400 �L HEPES-TALP, supplemented
with 3 mg/mL  BSA V, 2.2 mg/mL sodium pyruvate, 50,000 IU/mL penicillin
and  50 mg/mL  streptomycin by centrifugation at 700 × g for 3 min. Finally,
the  pellet was  resuspended in 200 �L of HEPES-TALP.

2.3.2. Swim-up
Swim-up procedure was previously described by Parrish and Foote

(1987) but modified TALP was used in the present study. Frozen–thawed
sperm from one straw was carefully placed in the bottom of a 15 mL
tube containing 1 mL  HEPES-TALP supplemented with 3 mg/mL  BSA V,
2.2 mg/mL  sodium pyruvate, 50,000 IU/mL penicillin and 50 mg/mL strep-
tomycin. Spermatozoa were allowed to swim-up for 1 h, at 37 ◦C in a
humidified 5.0% CO2 (in air) atmosphere. After incubation, the supernatant
containing the spermatozoa was harvested and transferred to another
tube containing 1 mL  of HEPES-TALP and centrifuged at 300 × g for 8 min.
Finally, the pellet was  resuspended in 200 �L of HEPES-TALP.

2.3.3. Spermatozoa washing by centrifugation
After thawing, semen from one straw was placed in a conic tube

containing 10 mL  of DPBS and washed once by centrifugation at 300 × g
for  20 min. After discarding the supernatant the spermatozoa pellet was
resuspended in 500 �L of DPBS.

2.4. Experiment 2

After thawing, two semen straws (due to the amount needed) were

placed into a 2 mL  microtube previously warmed and subjected to
spermatozoa selection by mini-Percoll gradient method (as described in
Experiment 1). After the mini-Percoll procedure, the selected spermato-
zoa was  washed in SPERM-TALP (Parrish et al., 1988) supplemented with
6 mg/mL BSA V, 2.2 mg/mL  sodium pyruvate, 50,000 IU/mL penicillin and
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Table 1
Spermatozoa evaluation post-thawing and after different methods of spermatozoa selection in goat frozen–thawed semen of Saanen breed (mean ± SEM).

Selection method n* After thawing After selection Sperm recovery rate (%)

Concentration
(×106/mL)

Motility (%) Vigor (1–5) Concentration
(×106/mL)

Motility (%) Vigor (1–5)

Swim-up 27 126.1 ± 11.2b 55.1 ± 1.9 3.5 ± 0.1 3.5 ± 0.7c 41.1 ± 5.0b 4.0 ± 0.2 2.3 ± 0.3c

Mini-Percoll 27 194.9 ± 26.4a 55.5 ± 2.5 3.4 ± 0.1 41.9 ± 4.6b 55.5 ± 2.6a 4.0 ± 0.1 28.1 ± 3.3b

Washing** 27 122.0 ± 12.3b 51.8 ± 2.9 3.3 ± 0.1 55.4 ± 7.0a 50.7 ± 3.2a 4.2 ± 0.1 43.3 ± 3.8a

ificantly
Within a column, values without a common superscript (a,b,c) differ sign
* Data obtained from nine bucks in triplicates.

** Washing by centrifugation technique.

50 mg/mL streptomycin by centrifugation for 3 min  at 700 × g. Moreover,
to verify the post-thawing parameters with no influence of the sperm
selection, one semen straw was subjected to three consecutive centrifu-
gations (300 × g for 8 min) in 2 mL  of HEPES-TALP medium containing
125 mM NaCl, 3.1 mM KCl, 0.4 mM NaH2PO4, 21.6 mM NaC3H5O3, 2 mM
NaHCO3, 2 mM CaCl2, 1.06 mM MgCl2, 10 mM HEPES and supplemented
with 1 mg/mL BSA V, 2.2 mg/mL  sodium pyruvate, 50,000 IU/mL penicillin
and 50 mg/mL  streptomycin.

The post-thawing and Mini Percoll-selected sperm samples were
subjected to capacitation induction by incubation for 45 min  at 38.5 ◦C
(Zhou et al., 2004) in a humidified 5.0% CO2 (in air) atmosphere with:
50  �g/mL heparin (Zhou et al., 2004); 10 �M (Boccia et al., 2007), 50 �M,
or 100 �M of SNP (Rodriguez et al., 2005); or in the absence of capacitating
agents (control group). Each treatment group contained 1 × 107 spermato-
zoa within 1 mL SPERM-TALP. After the incubation period, 100 �L of
lysophosphatidylcholine, a fusogenic lipid that induces acrosome reac-
tion  in capacitating spermatozoa (Parrish et al., 1988), was added to each
group (including post-thawing and control groups), and spermatozoa
remained incubated for 15 more min  (Parrish et al., 1988), to evaluate
the capacitating spermatozoa by its acrosome reaction. After the treat-
ments, progressive motility (0–100%), vigor analysis (0–5), acrosome and
plasma membrane integrity were observed.

2.5. Spermatozoa evaluation

Spermatozoa were evaluated regarding their progressive motility,
vigor and acrosome and plasma membrane integrity after the different
methods of selection (Experiment 1) and capacitation (Experiment 2) as
well as for control group. Motility and vigor were subjectively analyzed
in  three different fields by the same technician under light microscope
at  400×. Vigor (frequency of flagellar beating) was  classified in a scale of
0–5 and progressive motility from 0 to 100% (CBRA, 1998). Spermatozoa
recovery rate was  obtained after each spermatozoa selection method and
analyzed by the use of a Neubauer counting chamber after spermatozoa
dilution (1:200). The rate was calculated by the formula: [final concen-
tration × final volume] × [initial concentration × initial volume]−1 × 100.
Acrosome and plasma membrane (PM) integrity were determined by
the use of 0.2% tripan blue and 10% giemsa staining procedure (Didion
et  al., 1989). Trypan blue penetrates in spermatozoa with disrupted (non-
intact) PM,  which stain in blue, whereas intact PM spermatozoa appeared
unstained. Giemsa accumulates in spermatozoa with an intact acrosome,
staining the acrosome region in purple or pink, while damaged (non-
intact) acrosome appeared unstained.

2.6. Statistical analysis

All quantitative variables were subjected to normality (Shapiro–Wilk
test) and homoscedasticity tests and one-way analysis of variance
(ANOVA) was  performed with Student–Newman–Keuls for means com-
parisons. The same tests were applied to identify the treatment–buck
interaction. A value of P < 0.05 was considered to be statistically signifi-
cant. Statistical analyses were performed using statistical analysis system
for  Windows SASTM software.

3. Results
3.1. Experiment 1

The method of washing by centrifugation presented
greater (P < 0.05) spermatozoa concentration after
 by Student–Newman–Keuls (P < 0.05).

subjected to sperm selection in comparison with mini-
Percoll or swim-up techniques, reflecting a greater
spermatozoa recovery rate (Table 1). The swim-up tech-
nique showed the lowest (P < 0.05) progressive motility
evaluated after the different selection methods, whereas
mini-Percoll and washing by centrifugation were similar.
Vigor was  not different (P > 0.05) after all three treatments
(Table 1).

When analyzing intact PM and intact acrosome sperm
population, there was no difference (P > 0.05) among all
three selection methods (Table 2). The proportion of intact
PM but with non-intact acrosome was higher (P < 0.05)
for swim-up method than the other treatments (Table 2).
When investigating the non-intact PM,  the acrosome intact
sperm population subjected to mini-Percoll treatment pre-
sented the highest (P < 0.05) percentage in comparison with
swim-up (Table 2).

The number of spermatozoa presenting both intact PM
(P = 0.0002) and acrosome (P = 0.0004) showed an inter-
action effect between the buck and swim-up technique,
whereas the other methods were not affected by the use
of frozen–thawed sperm from different males.

3.2. Experiment 2

Post-thawing progressive motility was higher (P < 0.05)
than in the control group or after all treatments for capac-
itation (Table 3). The addition of 100 �M SNP resulted in
greater (P < 0.05) motility than the group receiving heparin.
An enhancement (P < 0.05) in vigor was obtained after the
use of any treatment tested in comparison with the evalua-
tion immediately after thawing. The presence of SNP in any
concentration promoted greater vigor than in the control
group. Moreover, the group exposed to the highest concen-
tration tested showed greater (P < 0.05) vigor than heparin
treatment. Post-thawing analysis showed greater rate of
intact PM and intact acrosome spermatozoa population
than after any capacitation treatment or control group. The
percentage of cells with intact PM and non-intact acrosome
were similar (P > 0.05) among all the treatments (Table 3).

4. Discussion

There have been many reports comparing different

spermatozoa isolation techniques in humans and bovine.
In goats, spermatozoa preparation for IVF is generally
based on the selection of motile spermatozoa by swim-up
or Percoll (Reviewed by Souza-Fabjan et al., 2014), with
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Table  2
Plasma membrane (PM) and acrosome integrity evaluation obtained after different methods of spermatozoa selection in goat frozen–thawed semen of
Saanen breed (mean ± SEM).

Selection method n* Intact PM sperm (%) Non-intact PM sperm (%)

Intact acrosoma Non-intact acrosoma Intact acrosoma Non-intact acrosoma

Swim-up 27 47.0 ± 3.7 4.0 ± 0.8a 13.5 ± 1.2b 35.3 ± 3.7b

Mini-Percoll 27 45.7 ± 2.4 1.8 ± 0.3b 18.5 ± 1.6a 34.1 ± 2.0b

Washing** 27 44.7 ± 3.3 2.5 ± 0.4b 15.5 ± 1.6a,b 37.6 ± 3.0a,b
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ithin a column, values without a common superscript (a,b,c) differ sign
Data obtained from nine bucks in triplicates.
*Washing by centrifugation technique.

ew studies reporting washing by centrifugation method
Masudul Hoque et al., 2012). A limited number of studies
ave dealt with the simultaneously comparison of these
perm treatment methods in sheep (Martí et al., 2006) or in
oats only using fresh sperm (Palomo et al., 1999). For the
rst time, we have demonstrated that goat spermatozoa
ay  be efficiently selected by mini-Percoll technique.
The greatest spermatozoa recovery rate in the present

tudy was achieved by washing technique. It is notewor-
hy that sperm washing removes the seminal plasma and
xtender but does not separate the sperm from other cells.
hus, the technique is not based on their quality or func-
ional capacity (Mehta and Sigman, 2014) and both motile
nd non-motile sperm are retained. Sperm preparation for
VF can be done by washing with no deleterious effect on
leavage or blastocyst rates (Avery and Greve, 1995). Later
tudies using this technique obtained cleavage rates of 39%
Masudul Hoque et al., 2012) and 51% after IVF, higher than
he swim-up technique (43%) (Palomo et al., 1999). Dode
t al. (2002) highlighted that washing is a very easy, fast
nd economic method for bovine, when compared with
ther expensive and time consuming methods. The authors
oncluded that a sufficient number of sperm capable of
ertilizing are available at washing and that sperm concen-
ration used for IVF can overcome the possible differences
n the sperm quality.

Mini-Percoll density gradient was ∼12 times more effi-
ient than swim-up in recovering spermatozoa from goat
rozen–thawed sperm. More importantly, mini-Percoll

reatment resulted in higher number of viable spermatozoa
han swim-up procedure. This is in accordance with a pre-
ious study which reported a recovery of 33.9% after Percoll

able 3
permatozoa evaluation post-thawing and after different treatments of spermato
n  progressive motility, vigor, acrosomal and plasma membrane (PM) integrity (m

Treatment n* Motility (%) Vigor (1–5) Intact PM sperm (%

Intact acrosome 

Post-thawing 21 57.6 ± 2.4a 3.3 ± 0.1d 32.0 ± 2.9a

Control** 21 34.0 ± 3.9b,c 4.2 ± 0.1c 19.1 ± 2.3b

Heparin*** 21 28.1 ± 3.6c 4.3 ± 0.2b,c 16.8 ± 1.9b

10  �M SNP**** 21 34.3 ± 3;1b,c 4.5 ± 0.1a,b 20.7 ± 2.5b

50  �M SNP 21 36.2 ± 3.1b,c 4.5 ± 0.1a,b 19.0 ± 2.3b

100  �M SNP 21 38.3 ± 3.5b 4.7 ± 0.1a 20.8 ± 2.3b

ithin a column, values without a common superscript (a,b,c) differ significantly
Data obtained from seven bucks in triplicates.

* Control group: absence of capacitating agent.
** 50 �g/mL heparin.
*** SNP: sodium nitroprusside.
 by Student–Newman–Keuls (P < 0.05).

and 7.7% after swim-up also in goat frozen–thawed sperm
(Rho et al., 2001). Since 1999, Percoll has not been allowed
for the separation of human spermatozoa for therapeu-
tic use because of the detrimental action of the polyvinyl
pyrrolidone that it contains (WHO, 1999). Therefore, an
effort of using mini-Percoll, which contains one fourth of
the amount of Percoll should be done in veterinary sci-
ences, even though the spermatozoa recovery rate could
be slightly lower.

The swim-up procedure remains the oldest sperm
preparation method currently in use, even though the
decrease in spermatozoa motility has been reported. Its
advantage is the yield of >90% of morphologically normal
motile sperm, without other cells or debris. However, the
absolute yield of sperm is low because motile spermatozoa
in the lower levels of the pellet never reach the interface
with the overlying culture medium (reviewed by Mehta
and Sigman, 2014). Additionally, functional spermatozoa
can come into close cell-to-cell contact with defective
sperm or leukocytes by centrifugation, thus causing mas-
sive oxidative damages of the sperm plasma membrane
by ROS and consequently of sperm functions (Henkel and
Schill, 2003). The production of ROS by spermatozoa is a
normal physiological process required for the occurrence
of capacitation and the acrosome reaction. However, high
levels of ROS present in seminal plasma have been associ-
ated with poor morphology, motility and low sperm count
(Lopes et al., 1998). This stress to the spermatozoa is proba-
bly related to the relatively lengthy time period required for

sperm recovery when employing swim-up technique. The
feasibility of reducing the procedure time could be further
evaluated in order to improve sperm quality. Moreover, it

zoa capacitation in goat frozen–thawed semen selected by mini-Percoll
ean ± SEM).

) Non-intact PM sperm (%)

Non-intact acrosome Intact acrosome Non-intact acrosome

2.1 ± 0.3 15.5 ± 1.8 45.8 ± 3.8
2.5 ± 0.1 19.8 ± 0.2 53.8 ± 4.1
2.5 ± 0.4 24.6 ± 2.5 51.4 ± 4.3
2.9 ± 0.4 20.1 ± 2.3 51.6 ± 4.1
3.6 ± 0.6 21.3 ± 2.6 52.5 ± 4.2
2.9 ± 0.4 20.4 ± 2.1 51.3 ± 3.9

 by Student–Newman–Keuls (P < 0.05).



uminant
48 C.C.S. Olivares et al. / Small R

was demonstrated that spermatozoa exposed to ROS for
1 h have an increased DNA fragmentation rate (Lopes et al.,
1998).

Palomo et al. (1999) compared swim-up, Percoll gra-
dient, and centrifugation in simple media using freshly
ejaculated prepubertal goat semen. Interestingly, they
found that the swim-up procedure resulted in spermatozoa
with significantly better motility, viability and acrosome
integrity than did Percoll density gradient. Their study dif-
fered from ours since we used frozen–thawed sperm. In the
present study, swim-up technique promoted both lower
spermatozoa recovery rate and progressive motility than
the other methods, which is in accordance with an ear-
lier report in goat frozen–thawed sperm (Rho et al., 2001).
These data may  suggest that Percoll could be indicated
when working with frozen sperm whereas swim-up when
using fresh sperm.

It is well known that PM and acrosome integrity, essen-
tial to sperm vitality and longevity, are both affected by
cryopreservation (Amann and Pickett, 1987). The greater
percentage of intact PM with non-intact acrosome in swim-
up selected sperm population may  be occurred due to the
excess of ROS, which may  have induced PM lipoperoxida-
tion, compromising acrosome and PM integrity (Graham
et al., 1990). It was previously demonstrated that the bull-
dependent effect of glutathione during IVF was related to
differences in the amounts of ROS production by spermato-
zoa of particular bulls (Kim et al., 1999). These data may
explain the bucks variation in sperm presenting intact PM
and intact acrosome after swim-up technique.

It is noteworthy that 100 �M of SNP promoted higher
motility rate than did 50 �g/mL heparin exposure for goat
spermatozoa. Miraglia et al. (2011) described that the
enhancement of motility is induced by nitric oxide that
stimulates human sperm motility via the activation of
guanylate cyclase and the subsequent synthesis of cGMP.
Interestingly, this concentration and time of incubation
for heparin was reported as the best association for goat
spermatozoa capacitation (Zhou et al., 2004). Even though
their incubation conditions were similar to ours, the cur-
rent findings are different, but the reasons are not clear yet.
We believe that this difference may  have occurred since
non-intact acrosome sperm do not react with heparin, since
it is not possible for heparin to fix in external acrosome
membrane (Januskauskas et al., 2000).

There are innumerous studies evaluating the use of SNP
in other species (Rodriguez et al., 2005; Boccia et al., 2007)
than goats, mostly reporting controversial results. No sig-
nificant effect of SNP on sperm capacitation was found in
this study. Motility rate was similar in any concentration
tested in comparison with control group. Apparently, the
sperm motility observed after the use of nitric oxide has
a dose-dependent effect. Therefore, this result could have
been due to an insufficient dose or to the absence of any
capacitating effect in goats. However, vigor was  improved
when any concentration of SNP (4.5–4.7) was used in rela-
tion to control group (4.2) and also in 100 �M SNP group in

comparison with heparin treatment. This increase in vigor
is related with hyperactivated sperm, which is a type of
vigorous non-linear motion that mammalian spermatozoa
exhibit when they progress through the female oviduct
 Research 127 (2015) 44–49

(Suarez and Dai, 1992). Yeoman et al. (1998) demonstrated
in hamsters that nitric oxide appears to be important for
the maintenance of hyperactivated motility, because when
synthesis was  inhibited after the start of hyperactivation,
the motility proceeded to decrease.

Considering that in this study the intact PM with non-
intact acrosome sperm population was  similar to the
control group and post-thawing analysis, we hypothesize
that SNP concentrations were low enough to not cause
damage to sperm PM and lower than the minimal ideal
required to induce capacitation. The interpretation of the
results for goat species should be carefully evaluated, since
different species present particularities and physiological
characteristics in relation to sensibility to different concen-
trations of nitric oxide.

5. Conclusions

This study showed for the first time that mini-
Percoll density gradient may  be successfully used for goat
frozen–thawed sperm selection. Moreover, washing by
centrifugation was similar to mini-Percoll and, although
non-motile sperm are possibly retained, it could be applied
in goats due its ease of use and no adversely effect. The
incubation with 100 �M SNP resulted in better motility
and vigor than heparin treatment, suggesting a dose-effect
relationship.
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