Acta Scientiae Veterinariae, 2019. 47: 1707.
RESEARCH ARTICLE

ISSN 1679-9216

Pub. 1707

Mini-Percoll Technique Induces Similar Capacitation Features in Domestic
Ruminant Frozen-Thawed Spermatozoa Regardless of the Presence of Heparin
Vivian Angélico Pereira Alfradique1, Carolina Cerqueira Sarmento Olivares1,
Joanna Maria Gonçalves de Souza-Fabjan1, Jeferson Ferreira da Fonseca2, Ribrio Ivan Tavares Pereira Batista1,
Mário Felipe Alvarez Balaro1, Helena Fabiana Reis de Almeida Saraiva1,
Luana Rangel Côrtes1 & Felipe Zandonadi Brandão1

ABSTRACT

Background: Sperm capacitation is a process consists of a series of functional, biochemical, and biophysical modifications
that render the ejaculated sperm competent for oocyte fertilization. Secreted by the female reproductive tract epithelium,
heparin promotes capacitation by binding to and removing seminal plasma proteins, which are adsorbed to the sperm PM
and would inhibit capacitation. There is substantial evidence that cryopreservation promotes capacitation-like changes in
bull, ram and buck sperm. Our general hypotheses were: (a) cryopreserved ram sperm suffer capacitation more quickly
than buck and bull sperm under the same conditions; (b) the capacitation status of ruminant cryopreserved sperm is similar
whether or not heparin is present after the mini-Percoll technique; and (c) ruminant frozen-thawed sperm selected by miniPercoll and incubated within media without heparin supplementation is not impaired in terms of capacitation status and
sperm agglutination. This study aimed to compare sperm parameters of ovine, caprine, and bovine frozen-thawed sperm
after mini-Percoll processing followed by incubation with or without heparin supplementation.
Materials, Methods & Results: Commercial semen of all species were used. Sperm samples were selected by mini-Percoll
and supplemented (or not) with heparin within an incubation medium for 18 h. Sperm kinematics (CASA system analyzes),
capacitation status (CTC staining) and sperm agglutination were evaluated after thawing, mini-Percoll, 1.5 h, 3 h, 6 h and
18 h. In comparison with post-thawing analysis, ovine species demonstrated a reduction (P < 0.05) in most of the sperm
motility parameters after mini-Percoll. Conversely, ovine samples presented the highest (P < 0.05) rate of acrosome-reacted
cells after mini-Percoll. Heparin supplementation did not affect most of the parameters evaluated (P > 0.05). In caprine
and bovine species, a lower (P < 0.05) rate of sperm agglutination was observed in the presence of heparin at 18 h of incubation. In the absence of heparin, ovine samples showed a higher (P < 0.05) agglutination rate compared to the bovine
species after long incubation period.
Discussion: The present study compared sperm parameters (sperm kinematics, agglutination rate and capacitation status) of
ruminant frozen-thawed sperm after mini-Percoll selection followed by in vitro incubation with or without heparin supplementation. In this study, it was observed the same rate of capacitated cells after the sperm selection (min-Percoll) between
ruminant species. This indicate that the capacitation process occurs similarly between ruminant species, refuting the first
hypothesis of this study. The presence of heparin did not influence the capacitation status of ruminant frozen-thawed sperm
after mini-Percoll selection, it demonstrates that the second hypothesis was supported by this study making more economic
and practical the use of ruminant frozen-thawed semen. The absence of heparin in the incubation medium did not harmed
the capacitation status and sperm agglutination of ruminant frozen-thawed sperm. This supported the third hypothesis of
the current study and indicate that the use of mini-Percoll technique regardless the presence of heparin could be a useful
alternative for the preparation of ruminant frozen-thawed sperm. In conclusion, the capacitation status of ruminant frozenthawed sperm is similar whether or not heparin is present after the mini-Percoll technique.
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INTRODUCTION

sis. Six replicates were performed. For each replicate,
two straws of each animal per species (i.e., six straws
for each species) were thawed in a water bath at 37°C
for 30 s. This pool was placed into a 15 mL conical
centrifuge tube (Corning Incorporated)2, from which
a sample was obtained (after thawing) to determine
motility and capacitation status. The remainder of the
pool was divided into five aliquots of 0.15 mL each
and submitted to sperm selection with the mini-Percoll
gradient (section 2.3). After this procedure, an aliquot
of each pool was used to evaluate motility rate and
capacitation status. Samples of each remaining aliquot
(n = 4 for each species) were divided into two parts for
incubation in the SP-TALP medium [100 mM NaCl,
3.1 mM KCl, 25 mM NaHCO3, 0.3 NaH2PO4, 21.6
mM lactate (sodium salt), 2.0 mM CaCl2, and 10 mM
Hepes] supplemented with 6 mg/mL bovine serum albumin fraction V, 2.2 mg/mL sodium pyruvate, 50,000
IU/ mL penicillin, and 50 mg/mL streptomycin [17]. In
the Heparin group, the SP-TALP medium was supplemented with 5 μg/mL of heparin [8,25]; the Control
group received SP-TALP medium without heparin.
Incubation occurred at 38.5°C under humidified atmosphere with 5% CO2 for 18 h. Samples from each
species and treatment were obtained at intervals (1.5
h, 3 h, 6 h, and 18 h) during incubation, and analysis
of agglutination rate, motility, and capacitation status
was performed.

Sperm capacitation in mammals is a prerequisite for successful fertilization [2]. It is well
documented in the literature that glycosaminoglycans
such as heparin play a crucial role in the capacitation
process in vitro [26,18]. In ruminants, such as ovine,
caprine, and bovine species, heparin also produces an
increase of sperm intracellular pH, Ca2+ concentration,
protein phosphorylation, and modification of motility
parameters [4].
Reproductive biotechnologies such as semen cryopreservation and sperm processing with the
Percoll gradient, routinely used in in vitro embryo
production laboratory for in vitro fertilization, induce
modifications in the sperm PM that trigger premature
capacitation. Although sperm cryocapacitation occurs
in all ruminant species, ram sperm have a very low
cholesterol/phospholipid ratio and are more sensitive to cooling and cold-shock stress than the sperm
of other species [22]. Thus, there is a lot of effort to
minimize the detrimental effects of cryopreservation
and thawing on the ram sperm membrane [27]. To our
knowledge, there are no studies comparing the capacitation status of frozen-thawed sperm between ram and
other ruminant species. Therefore, this study aimed to
compare sperm motility parameters, agglutination rate,
and capacitation status of ovine, caprine, and bovine
frozen-thawed sperm after mini-Percoll selection followed by in vitro incubation with or without heparin
supplementation.

Mini-Percoll technique

The sperm was selected by the mini-Percoll
technique in accordance with the method we previously
established in sheep [15]. The gradient was formed by
pipetting 0.4 mL of 90% Percoll solution into a 1.5 mL
microtube and then overlaying it with 0.4 mL of 45%
Percoll solution. A 0.15 mL aliquot of semen was placed
on top of the 45% layer and then subjected to a 5000 x g
centrifugation for 5 min. After the centrifugation, the supernatant was removed, and the pellet was resuspended
in 0.4 mL of SP-TALP. Then, another centrifugation
was performed with the same force and time. After the
second centrifugation, the supernatant was discarded,
and the pellet was resuspended in 0.25 mL of SP-TALP.

MATERIALS AND METHODS

All the experiments were carried out at Fluminense Federal University (UFF), Niteroi (Brazil,
latitude 22°53´S, longitude 43°06´W). The procedures
were approved by the local ethics committee (protocol
approval: 374/13).
Reagents

All chemicals were purchased from Sigma
Chemicals1.
Experimental design

To evaluate sperm motility and capacitation
parameters in caprine (n = 3; Alpine), ovine (n = 3;
Santa Inês), and bovine (n = 3; Holstein) species,
commercial frozen-thawed semen of nine animals of
proven fertility were used. Semen 0.25 mL straws from
each animal were maintained in liquid N2 until analy-

Incubation media

Immediately post-selection, the content of the
mini-Percoll microtubes (4 per species) was transferred to a 15 mL conical centrifugal tube and leveled
to a volume of 1 mL with SP-TALP. The total content
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was divided into either (a) SP-TALP medium without
heparin (Control group) or (b) SP-TALP with 5 µg/mL
heparin (Heparin group). The treatments comprised a
total content of 1 mL, which was divided into four 0.25
mL aliquots. These aliquots were transferred into four
microtubes, and the samples were completed with 0.5
mL SP-TALP. The microtubes were then incubated, and
samples were assessed at different incubation intervals.

images per second, and the microscope was set to x100
magnifying power. Aliquots of 10 µL were placed on
prewarmed slide (37°C) and covered with a 24x24 mm
coverslip. Afterward, measurements were performed is
surplus to requirements. Sperm movement was observed
under negative phase contrast optics and video-recorded
in three to five different ﬁelds, with at least 500 sperm
captured for analysis. Software settings were adjusted to
the sperm of each evaluated species. The main software
settings were as follows: The sperm head dimensions
detected by the system were 18-60 µm2 for ovine and
caprine sperm, and 25-60 µm2 for bovine sperm. Sperm
were identiﬁed as immotile if the curvilinear velocity
(VCL) was < 10 µm/s, slow if 10-45 µm/s, medium if
45-75 µm/s, and rapid if > 75 µm/s. The sperm cells
presenting straightness (STR) > 80% were described
as progressive. The following motility patterns were
analyzed: total motility (%), progressive motility (%),
average path velocity (VAP; µm /s), VCL (µm /s),
straight line velocity (VSL; µm /s), straightness (STR:
VSL/VAP; %), linearity (LIN: VSL/ VCL; %), wobble
(WOB: VAP/ VCL; %), lateral head displacement (ALH;
mm), and beat cross frequency (BCF; Hz).

Sperm capacitation status

The capacitation status was assessed by the
chlortetracycline (CTC) test as described by [16]. A
0.75 mM CTC solution was prepared daily in a buffer
containing 20 mM Tris, 130 mM NaCl, and 5 mM
cysteine, pH 7.8. For staining, 0.01 mL of the sperm
sample was mixed with 0.01 mL of CTC solution on
a glass slide. Finally, a drop of an antifade solution
(0.22 M 1,4-diazabicyclo [2.2.2] octane, DABCO)1
was added to slow the fading of CTC fluorescence. For
evaluation of CTC patterns, the samples were observed
under a microscope (Nikon Eclipse Ci)3 under epifluorescence illumination at 1000x magnification with oil
immersion. Two hundred sperm per slide were scored
[4] and classified into three groups, as described by
[5]: bright fluorescence over the whole head (noncapacitated cells, F pattern), fluorescence-free band in the
post-acrosomal region (capacitated cells, B pattern),
and full fluorescence over the whole head except for a
thin, bright band of fluorescence along the equatorial
region (acrosome-reacted cells, AR pattern).
Particularly for the CTC assay at post-thawing
(PT), sperm washing was necessary to remove the
semen extender particles that otherwise bind to CTC
and hinder the evaluation. Therefore, sperm washing
procedure was done prior to all CTC assay at PT. For
this, 4 mL of phosphate-buffered saline was layered on
top of semen within a 15 mL conical centrifuge tube.
The tube was centrifuged twice at 200 x g for 6 min.
After aspiration of the supernatant, the sperm were
resuspended in 500 µL of phosphate-buffered saline.
Finally, the washed sperm were subjected to the CTC
staining assay, as described above.

Agglutination rate

The evaluation of agglutination rate was performed during the motility assessment. Approximately
250 motile sperm cells were visually examined in four different fields. The percentage of head-to-head agglutinated
sperm was defined as the number of sperm agglutinated
to at least one other sperm per total motile sperm [28].
Statistical analysis

Statistical analysis was performed using Prism
5.01 software5. Results are presented as mean and
standard error of the mean (SEM). All quantitative
variables were subjected to normality (Lilliefors test)
and homoscedasticity (Bartlett test) tests. One-way
analysis of variance (ANOVA) with repeated measures
was performed at all different time intervals during
incubation and when ANOVA revealed a significant
effect, values were compared by Tukey’s post hoc test.
The non-normal variables were submitted to Friedman
test followed by Dunn’s test. Paired T test or Wilcoxon
test (non-normal variables) was performed to compare
different treatments (heparin group vs control group)
and moments of evaluations (after thawing group vs
after mini-Percoll). When P value was < 0.05, the
means were considered to differ significantly.

Sperm motility

Sperm motility parameters were analyzed by
computer-assisted semen analysis (CASA) using the
SCA® system (Sperm Class Analyzer)4 connected to a
microscope. The following settings were applied for all
species studied: images were collected at a speed of 25

3

V.A.P. Alfradique, C.C.S. Olivares, J.M.G. Souza-Fabjan, et al. 2019. Mini-Percoll Technique Induces Similar Capacitation Features in
Domestic Ruminant Frozen-Thawed Spermatozoa Regardless...
Acta Scientiae Veterinariae. 47: 1707.

4

40 ± 3
8±1

AB

28 ± 2
AMP**

AB

46 ± 5
AT*

Bovine

53 ± 4A
AMP**

Mean ± SEM value obtained from six replicates of three animals for each species. *AT: after thawing; **AMP: after mini-Percoll. The following motility parameters were analyzed by ComputerAssisted Semen Analysis system (CASA): total motility (TM), progressive motility (PM), average path velocity (VCL), straight line velocity (VSL), straightness (STR: VSL/VAP), linearity (LIN:
VSL/ VCL), wobble (WOB: VAP/VCL), lateral head displacement (ALH), and beat cross frequency (BCF). Within a column, values with different superscripts differ significantly (P < 0.05) by
Tukey, Dunn or T test (Paired T or Wilcoxon test; AT vs AMP). Uppercase letters denote a comparison between species (ovine, caprine, bovine) at the same time (i.e., AT or AMP). Lowercase
letters denote a comparison between AT and AMP within the same species (ovine, caprine, bovine).

9 ± 1A
2±0
77 ± 2
86 ± 2
67 ± 3
41 ± 3
36 ± 3
53 ± 2
44 ± 4

8±1
2±0

A
B
AB
B
B
B
A

83 ± 1B
84 ± 1B
70 ± 1B
56 ± 3B
47 ± 3B
67 ± 4B
39 ± 1
32 ± 1A
20 ± 3

7 ± 0b,AB
2 ± 0A
87 ± 1A
85 ± 1
75 ± 2
65 ± 4A
56 ± 3A
75 ± 3A
48 ± 1B
41 ± 1a,A

58 ± 8
AT*

Caprine

14 ± 2
AMP**

23 ± 2A

8 ± 0a
2±0
88 ± 2AB
85 ± 2AB
75 ± 2AB
87 ± 7A
75 ± 2A
98 ± 7A
46 ± 4
26 ± 3b,AB

83 ± 1
88 ± 1
74 ± 1
37 ± 3
33 ± 3
44 ± 3
61 ± 1
28 ± 7
3±1

b,B
b,B

46 ± 6a

27 ± 4

6 ± 1B
1±0

b,B
AB
b,B
b,B
b,B
A
B

2 ± 0a
91 ± 1A
90 ± 1A
83 ± 2A
95 ± 7a,A
86 ± 6a,A
103 ± 7a,A
55 ± 4
16 ± 2B

VCL
(µm/s)
Acrosomereacted (%)
Capacitated
(%)
PM (%)

AT*

Ovine

At 18 h, a lower (P < 0.05) rate of caprine and
bovine sperm agglutination was observed in the group
supplemented with heparin compared to the control
group (Figure 1). Additionally, in the absence or presence of heparin, ovine sperm presented higher (P <
0.05) agglutination compared to the bovine species
after long incubation periods (6-18 h).

TM (%)

Ovine, caprine and bovine sperm agglutination rate after
incubation in the presence or absence of heparin

Time

Regardless of the species and the moment of
evaluation (1.5, 3, 6, or 18 h), heparin supplementation in
the sperm incubation medium resulted in no extra benefits
(P > 0.05) for the most parameters (except STR and WOB
in ovine specie) associated with sperm motility (data are
not shown). Similarly, heparin did not affect (P > 0.05)
the rates of capacitation or acrosome-reacted (except at
18 h in caprine species) cells in comparison to control
group. Regardless the presence of heparin, a higher (P <
0.05) proportion of capacitated cells was observed in the
ovine species compared to bovine (absence of heparin)
and caprine species (presence of heparin). Conversely, a
lower (P < 0.05) percentage of acrosome-reacted cells was
noticed in the ovine species compared to bovine (absence
of heparin) and caprine species (presence of heparin).
There was a species effect (P < 0.05) on the rate of
acrosome-reacted cells; heparin supplementation resulted
in higher values at 18 h in caprine species (Table 2).

Specie

Table 1. Motility parameters of ovine, caprine, and bovine frozen-thawed sperm subjected to mini-Percoll treatment.

Ovine, caprine and bovine sperm motility and capacitation status after incubation in the presence or absence of
heparin

VSL
(µm/s)

VAP
(µm/s)

LIN
(%)

STR
(%)

WOB
(%)

ALH
(µm)

Sperm motility parameters of the three species after thawing and mini-Percoll processing are
presented in Table 1. After mini-Percoll selection, a
reduction (P < 0.05) in most of the sperm motility
parameters was observed in ovine species.
The total motility and progressive motility after
mini-Percoll selection were higher (P < 0.05) in caprine
sperm compared to ovine sperm. A lower (P < 0.05)
percentage of capacitated cells was observed in the ovine
species compared with bovine species after thawing and
after mini-Percoll selection. In contrast, ovine species
presented the highest (P < 0.05) rate of acrosome-reacted
cells after processing with mini-Percoll.

23 ± 3a

BCF
(Hz)

Ovine, caprine and bovine sperm motility and capacitation status before and after mini-Percoll processing

7±0
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Table 2. Capacitation status of ovine, caprine, and bovine frozen-thawed sperm with or without heparin supplementation over time.

Specie

Treatment
Control*

Ovine
Heparin**

Control*
Caprine
Heparin**

Control*
Bovine
Heparin**

Time (h)
1.5
3.0
6.0
18.0
1.5
3.0
6.0
18.0
1.5
3.0
6.0
18.0
1.5
3.0
6.0
18.0
1.5
3.0
6.0
18.0
1.5
3.0
6.0
18.0

Capacitated (%)
52 ± 4
56 ± 4A
54 ± 8
79 ± 1A
46 ± 7
44 ± 8
66 ± 2A
77 ± 2
39 ± 2
38 ± 5AB
41 ± 4
37 ± 4B
29 ± 4
33 ± 3
41 ± 4B
41 ± 9
38 ± 3
35 ± 4B
37 ± 3
39 ± 3B
37 ± 4
36 ± 4
45 ± 2AB
42 ± 3

Acrosome-reacted (%)
40 ± 4B
39 ± 4B
42 ± 9
17 ± 2B
44 ± 7
42 ± 3B
29 ± 3B
20 ± 3
53± 2AB
58 ± 4AB
48 ± 6
59 ± 3a,A
64 ± 5
64 ± 3A
56 ± 4A
39 ± 9 b
55 ± 3A
60 ± 4A
59 ± 4
56 ± 1A
58 ± 5
59 ± 4AB
51 ± 3AB
52 ± 4

Mean ± SEM value obtained from six replicates of three animals for each species. Within a column, values with
different superscripts differ significantly (P < 0.05) by Dunn or T test (Paired T or Wilcoxon test; control vs heparin).
Uppercase letters denote a comparison between species (ovine, caprine, bovine) at the same incubation time (1.5, 3, 6
or 18 h) and treatment (control or heparin group). Lowercase letters denote a comparison between control and heparin
within the same species (ovine, caprine, bovine) and incubation time (1.5, 3, 6 or 18 h). *Control: sperm incubation
in SP-TALP medium. **Heparin: sperm incubation in SP-TALP medium supplemented with 5 µg/mL of heparin.

Figure 1. Rate of sperm agglutination in different domesticated ruminant species (ovine, caprine, and bovine)
after incubation in medium with (Heparin) or without (Control) heparin for 18 h at 38.5ºC in 5% CO2. Data
are expressed as mean ± SEM. Different uppercase letters (A, B) denote a significant difference (P < 0.05)
between domesticated ruminant species (ovine, caprine, and bovine) within the same group (control or heparin)
and same incubation time (1.5, 3, 6, or 18 h) according to a Dunn or Wilcoxon test. Different lowercase letters
(a, b) denote a significant difference (P < 0.05) among treatments (control or heparin) within the same incubation time (1.5, 3, 6, or 18 h) and same domesticated ruminant species (ovine, caprine, or bovine) according
to a paired t-test. Control: sperm incubation in SP-TALP medium. Heparin: sperm incubation in SP-TALP.
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DISCUSSION

cal and economic. The absence of heparin effect may
be due to non-intact acrosome sperm (coming from
capacitating event) do not react with heparin and
therefore it is not possible for heparin to fix in external
acrosome membrane [11].
The third hypothesis was also supported
by the results of the current study. Thus, the miniPercoll technique without heparin can be a useful
alternative for the preparation of frozen-thawed
sperm, replacing expensive capacitation inducers.
The Percoll gradient is one of the main techniques
used in in vitro embryo production laboratories
to separate mammal sperm from seminal plasma
and/or cryoprotectant. Although we have observed
reduced rates of sperm motility in all species after
Percoll, its effect on the capacitation rate was also
observed in all species. Percoll particles can induce
the capacitation process by adhering to the sperm
membranes and potentially altering them by removing some coating glycoproteins [23]. Moreover, after
the selection step, this technique involves one more
washing step. Our results are in accordance with the
fact that the Percoll technique and repeated washing removes decapacitating components present in
the PM [3] and may alter the Ca+2 distribution [19],
yielding capacitated cells.
Lower rates of sperm motility were found in
ovine species in the present study. These data can be
supported since a species with sperm membranes are
more resistant to cold-shock damage when they have
a high degree of saturation of phospholipid-bound acyl
moieties [21] and a high sterol to phospholipid ratio [6].
Sperm membrane cholesterol/phospholipid ratios differ
among species: goat (0.59), bull (0.45), and ram (0.37)
[22]. Thus, ram sperm are more sensitive to cooling
and cold-shock stress than other species, and this can
explain the lower motility rates found.
The precise relationship between sperm agglutination and the sperm’s ability to fertilize in vivo
remains unclear [28]. Sperm head-to-head agglutination during in vitro incubation could stimulate capacitation; sperm agglutination is believed to be associated
with fertilizing ability [9,10]. In the present study, the
absence of heparin led to higher agglutination rates in
caprine and bovine sperm. This fact can also explain
the higher capacitation rates found, and the presence of
agglutination could contribute to the cell’s fertilizing
ability and indicate a positive feature of the sample.

Three general hypotheses were postulated:
(a) cryopreserved ram sperm suffer capacitation more
quickly than buck and bull sperm under the same
conditions, (b) ruminant cryopreserved sperm is similarly prone to capacitation whether or not heparin is
supplemented after the mini-Percoll technique, and (c)
the presence of heparin in the incubation media for ruminant frozen-thawed sperm selected by mini-Percoll
does not result in damage in terms of capacitation status
and sperm agglutination.
The first hypothesis was not supported by
the present study. Ovine, caprine and bovine frozenthawed sperm presented the same rate of increase
(around 10-15%) of capacitated cell after mini-Percoll
technique. Cryopreserved samples lose phospholipids
faster [1] and present a higher proportion of sperm
cells with high intracellular Ca+2 [12], making the
frozen-thawed sperm more susceptible to the capacitation process, independently of the species. This is
in accordance with the rapid increase in the B pattern up to 1.5 h in all species, as demonstrated in the
present study. The capacitation event that occurs in
frozen-thawed sperm (i.e., cryocapacitation) is often
reported in the literature. Studies using ruminant
sperm reported that fresh semen needs 3 h of incubation to reach 50% capacitation, whereas frozenthawed semen presents higher rates of capacitated
cells immediately after thawing [13]. [20] affirmed
that, upon thawing, bull sperm bind to CTC in a
manner very similar to freshly ejaculated sperm that
have been incubated for 5 h. The authors suggested
that immediately after thawing, frozen sperm may
be in an advanced capacitating state similar to fresh
sperm incubated in the presence of a capacitation
inducer, similar to the phenomenon observed in the
current study.
Regarding the second hypothesis, the present
study found no difference in capacitation status between control (absence of heparin) and heparin group
in all species tested. Therefore, the second hypothesis
was supported by the results of this study. The data
reported in this study are similar to values found for
bull, ram and buck sperm capacitation immediately
after thawing [7,14,20,24]. The results indicate that
ruminant frozen-thawed sperm undergo a premature
capacitation, regardless of the presence of heparin,
making the use of frozen-thawed semen more practi-
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CONCLUSIONS

The present study observed similar capacitation features in domestic ruminant frozen-thawed
sperm among ovine, caprine, and bovine species regardless the presence of heparin in incubation medium.
Immediately after thawing followed by mini-Percoll
selection and incubation for up to 18 h, the frozenthawed sperm had a high percentage of capacitated
cells, even in the absence of heparin. This suggests
that ruminant frozen-thawed sperm preparation by
mini-Percoll selection and incubation in media without
heparin supplementation can be an efficient technique
and an alternative to expensive capacitation inducers,
making sperm preparation easier, cheaper, and more
practical.
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