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ABSTRACT

We evaluated the effect of reducing free calcium in the cryopreservation medium, using the calcium
chelator ethylene diamine tetracetic acid (EDTA) at 0.3% and 0.5% concentrations. Three male mixed
breed dogs were subjected to semen collection by digital manipulation (n=16). Each ejaculate was divided
in three aliquots, and each one was diluted in TRIS-glucose-egg yolk extender with 6% glycerol and 0.5%
Equex STM Paste® (TGE, control); and added with 0.3% EDTA (EDTA 0.3) or 0.5% EDTA (EDTA 0.5).
Calcium concentration reduced in EDTA 0.3 and all the calcium ions were chelated in EDTA 0.5. The
EDTA addition did not affect sperm morphology or plasma membrane integrity; however, by removing all
free calcium (EDTA 0.5), the sperm motility reduced (64.7% in TGE and 45% in EDTA 0.5; p<0.05).
Acrosome integrity and sperm binding ability were not improved by calcium chelation. The failure to
prevent the premature AR may explain why sperm longevity was not affected by calcium removal. Thus,
the partial or complete calcium removal, through EDTA addition, is not able to prevent acrosomal damage
or premature acrosomal reaction, and therefore does not improve the dog sperm binding ability.

Keywords: EDTA, sperm binding, acrosome reaction
RESUMO

Avaliou-se o efeito da redugdo do cdlcio livre no meio de congelamento, usando-se o quelante de célcio
etilenodiaminotetracético (EDTA) a 0,3% e 0,5%. Trés cdes machos sem raga definida foram submetidos
a coleta de sémen por manipulacéo digital (n=16). Cada ejaculado foi diluido em diluidor controle com
TRIS-glicose — gema de ovo (TGE, controle), ou em diluidor TGE enriquecido com 0,3% (EDTA 0,3) ou
0,5% de EDTA (EDTA 0,5). A concentracao de célcio reduziu no meio EDTA 0,3, e todos os ions de célcio
foram quelados no meio EDTA 0,5. A adi¢do do EDTA e a consequente quelacéo do célcio ndo afetaram
a morfologia espermatica ou a integridade da membrana plasmatica, no entanto, ao remover todo o célcio
do meio (EDTA 0,5), a motilidade espermaética se reduziu (64,7% no TGE e 45% no EDTA 0,5; P<0,05).
A integridade do acrossoma e a capacidade de ligacao do espermatozoide ndo melhoraram com a quelagéo
do célcio. Apesar da influéncia da concentracdo de célcio sobre a motilidade espermatica apds o
descongelamento, a falha em prever a reacdo acrossomal prematura pode explicar por que a longevidade
espermatica ndo foi afetada pela remocéo do calcio no meio. Dessa forma, a remocao parcial ou total do
célcio, por meio da adicao de EDTA, néo é capaz de prevenir o dano no acrossoma ou a reagao acrossomal
prematura e, portanto, ndo aumenta a capacidade do espermatozoide de se ligar ao odcito.

Palavras-chave: EDTA, ligacao espermatica, reagdo acrossomal
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INTRODUCTION

Sperm  cryopreservation, especially during
cooling and freezing, may damage the sperm and
thus reduce its viability (Hallap et al., 2006;
Luvoni et al., 2003). Several studies on dog sperm
cryopreservation have shown that it increases the
amount of damaged or reacted acrosome (Rota et
al., 1999; Chatdarong et al., 2012; Lucio et al.,
2016). It is known that calcium is one of the main
modulators of physiologic capacitation and
acrosome reaction — AR (Breitbart, 2002; Witte
and Schéafer-Somi, 2007). There are also
indications that calcium influx from sperm
environment and from its intracellular reservoirs
also plays an important role in capacitation and
acrosome  reaction (AR) induced by
cryopreservation (cryocapacitation and premature
acrosome reaction) (Szaz et al., 2000; Alhaider
and Watson, 2009). In this regard, an option to
reduce premature AR in cryopreserved sperm is
reducing the availability of ionized calcium in the
extender, which can be achieved by adding a
calcium chelating substance in the freezing
extender, such as ethylene diamine tetraacetic
acid (EDTA).

Some studies were conducted using EDTA in
cryopreservation extender in canine, goats, sheep,
cattle, and bubaline sperm (Dhami and Sahni,
1993; Aisen et al., 2000; Bittencourt et al., 2004;
Cunha and Lopes, 2005; Freitas et al., 2008);
however, the results remain controversial. Braud
et al. (2016) observed that the concentrations of
0.1% and 0.25% EDTA could reduce (p<0.05) the
concentration of free calcium in cryopreservation
extender; however, there was no difference
(p>0.05) on sperm with intact acrosome when
compared to the control (without EDTA).
According to the author, the EDTA
concentrations (0.1% and 0.25%) probably did
not reduce calcium concentrations below the ideal
concentration in which AR occurs.

Thus, this research was conducted to assess
whether a more intensive calcium chelation can
increase sperm acrosomal integrity.

MATERIAL AND METHODS
Three male mixed breed dogs, aged from 2 to 5
years old, were used. The animals were

maintained in 15m? individual boxes exposed to
natural light and were fed a dry food diet and
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water ad libitum. All investigations were
approved by the Ethics Committee for Animal
Use of the Universidade Federal de Vigosa —
Brazil (84/2012).

Semen was collected by manual stimulation. Two
of the animals were subjected to five collection
procedures and one animal was subjected to six
collection procedures (N=16) at a minimum 2-day
intervals. The sperm-rich fraction of each
ejaculate was collected into a calibrated tube with
water-coat pre-warmed to 37°C.

Immediately following collection, each ejaculate
was evaluated for sperm forward progressive
motility (SPM — on a scale from zero to five,
where five represented the best SPM) and sperm
motility (SM — from 0 to 100%, in increments of
5%), using a subjective analysis under a
microscope (100x magnification). An aliquot of
each diluted semen sample was fixed in
Karnovisk fixative (Karnovsky, 1965) and later
evaluated for sperm morphology (200
cells/ejaculate) under phase-contrast microscopy
(1000x magnification). Individual cells were
classified as normal, major defects, or minor
defects in terms of their perceived adverse effects
upon male fertility (Blom, 1973). The sperm
concentration ~ was  assessed using a
hemocytometer, and the concentration of motile
sperm was determined by multiplying the sperm
concentration by the sperm motility.

After evaluation, the ejaculates were diluted in
maintenance extender (ME; TRIS 24g/L; citric
acid 14g/L; glucose 8g/L; amikacin 0,2g/L; egg
yolk 200mL/L) to a target concentration of 100 x
10° motile sperm/mL.

The membrane function was evaluated using the
hypo-osmotic swelling test (HOST). An aliquot of
diluted semen (5uL) was incubated in 20uL of
150 mOsmol/kg sucrose solution (Melo and
Henry, 1999; Papa et al., 2008) at 38°C for 30
min, and then fixed in Karnovisk fixative
(Karnovsky, 1965). The percentage of swollen
spermatozoa was evaluated by phase-contrast
microscopy (1000x magnification). One hundred
cells were assessed, and those with a bent or
coiled tail were considered functional. The total
number of reactive spermatozoa was corrected,
excluding the population with the same
characteristics (spermatozoa with bent and coiled
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tail) in the sperm morphology test (Melo and
Henry, 1999).

Calcium concentration was measured using a
spectrophotometer (E-225D, Companhia
Equipadora de Laboratérios Modernos - CELM,
Brazil) at 370 nanometers wavelength using a
calcium measuring kit (Célcio, In Vitro
Diagnéstica Ltda, Brazil) in fresh (diluted) semen
and frozen-thawed semen for each treatment.

After evaluation, semen (100 x 10% motile
sperm/mL) was divided into three aliquots. Each
aliquot was diluted (1:1) in one of the
cryopreservation media: TGE - 12% glycerol, 1%
Equex STM Paste (Nova Chemical Sales, USA)
diluted in ME; EDTA 0.3 - 12% glycerol, 1%
Equex STM Paste; 0.6% EDTA diluted in ME;
and EDTA 0.5 - 12% glycerol, 1% Equex STM
Paste; 1.0% EDTA diluted in ME. Thus, sperm
was cryopreserved at a final concentration of 50
x10°® motile sperm/mL, 6% glycerol, 0.5% Equex
STM Paste® (TGE) and 0.3% EDTA (EDTA 0.3)
or 0.5% EDTA (EDTA 0.5).

Samples were packed in 0.25-mL straws, placed
in a glass tube that was placed in a glass bottle
containing water (600 mL at 38°C), and
transferred to a polystyrene container (12L)
containing an 11-cm column of ice and water at
room temperature in order to reach 4°C after 60
min. After this period, the samples were
maintained in this container for another 60 min at
4-C (Deco-Souza et al., 2013). The straws were
frozen at a rate of —5.8°C/min at 10 cm above the
liquid nitrogen surface for 15 min by using a
polystyrene container and then stored in liquid
nitrogen.

The straws were thawed in a water bath at 38°C
for 30s, where they were maintained for
evaluation. Each frozen-thawed sample was
assessed for forward progressive motility, sperm
motility, the hypoosmotic swelling test, and
sperm morphology as described for fresh semen.
Frozen-thawed samples were also assessed for
sperm binding ability - Sperm binding assay using
hen perivitelline membrane (S-PVM assay); for
plasmatic and acrosomal membrane integrities —
fluorescent probes; and for longevity — thermo
resistance test.

The S-PVM assay was performed as described by
Araujo et al. (2015). Briefly, a circular silicone
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device containing two rings (one with a 4-mm
internal diameter and an 8-mm external diameter
- RLD 1 - and another one with an 8-mm internal
diameter - RLD 2) was used for keeping
perivitelline membranes (PVM) stretched during
the assay. Hen’s PVM were isolated from the
yolks of freshly laid, unfertilized hen eggs and
washed with sterile TALP-HEPES (Costa, 1994)
until the PVM became translucent. The membrane
was then placed into a Petri dish containing
modified TALP-HEPES (Costa, 1994) where the
PVM was fitted over the RDL-1 and sectioned in
order to fit the device. Subsequently, the RDL-2
was fitted over the RDL-1 in order to properly
stretch the PVM and maintain a 12.56 mm? fully
exposed area. The membrane was placed in TCM
199 solution (Costa et al., 1997) in a multi-well
culture plate and incubated for 30 min in a
humidified atmosphere containing 5% CO, at
38°C until the semen were processed.

Aliquots (20pL) of semen at 0.5 x 10° sperm/mL
were placed into the well and co-incubated with
the PVM in a humidified atmosphere containing
5% CO; at 38°C for 60 min. Sperm was stained
with a combination of Hoechst 33342 (H342;
H1399, Molecular Probes, USA) - 200uL,
40ug/mL in DPBS buffer - and propidium iodide
(PI; P4170, Sigma—Aldrich Co., Germany) -
20pL, 2mg/mL in DPBS buffer - after 30 and 50
min of incubation, respectively. After 60 min of
co-incubation, each well was gently rinsed four
times by drop-wise addition of 1000uL of
modified TALP-HEPES (Costa et al., 1997) to
remove liquids and unbound sperm. The number
of sperm bound per well was determined by
counting fluorescent sperm nuclei in all the
exposed PVM (1256 mm2) at 400x
magnification  using an  epifluorescence
microscope (Nikon, excitation: 365 nm; emission:
410 nm). The results are presented as the total
sperm bound to the PVM.

The plasmatic and acrosomal membrane
integrities were assessed using a combination of
three fluorescent probes: PI, H342 and peanut
agglutinin -~ conjugated  with  fluorescein
isothiocyanate (FITC-PNA; L7381, Sigma—
Aldrich Co., Germany). The fluorescent probes
were stored in the dark at 5°C (FITC-PNA
Img/mL in DPBS) or at —20-C (PI 25mg/mL in
DMSO; H342 25 mg/mL in DMSO). Semen (5pl)
was incubated with 30pl of H342 (200ug/mL in
DPBS) and 20pl of FITC-PNA (10pg/mL in
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sodium citrate 3% diluted in DPBS) for 10 min at
38°C; after this period, 2ul of PI (2mg/mL in
DPBS) was added. After 3 min, semen was
evaluated by epifluorescence microscopy with
triple filter DAPI/FITC/TEXAS (Motic, Canada).
A total of 200 spermatozoa per sample were
examined at 1000x magnification.

The spermatozoa were classified based on the
fluorescence emitted from each probe as:
damaged plasma membrane and intact acrosome
(DlI; only the nucleus emitting red fluorescence),
intact plasma membrane and intact acrosome (ll;
only the nucleus emitting blue fluorescence),
damaged plasma membrane and damaged
acrosome (DD; the nucleus emitting red
fluorescence and the acrosomal region emitting
green fluorescence) and intact plasma membrane
and damaged acrosome (ID; the nucleus emitting
blue fluorescence and the acrosome region
emitting green fluorescence).

Two minutes after thawing and every 15 min
(total of 60 min) the semen was evaluated for SM
as described previously.

Differences between the three treatments were
analyzed with Duncan test or Kruskal Wallis test,
depending on the distribution of the data.
Differences between sperm forward progressive
motility were analyzed with Kruskal Wallis test.
All data are presented as mean + S.D. P values
<0.05 were considered significant.

RESULTS

We used only ejaculates with SM >70%, SPM >3
and concentration > 150 x 108 motile sperm/mL
(Manual..., 2013) (Table 1).

The calcium concentration in fresh semen diluted
in ME (100 x 10° sperm/mL) was 23mg/dL. Both
EDTA concentrations could reduce calcium
concentration, but when EDTA was added to a
final concentration of 0.5%, all the calcium ions
were chelated (Table 2); thus, there was no free
calcium in the cryopreservation extender.
However, only SM differed (p<0.05) between the
three treatments (TGE, EDTA 0.3 and EDTA 0.5)
and the SPM differed between EDTA 0.3 and
EDTA 0.5 (Table 2).

There was no difference in SM after 60min
incubation between the three treatments (Table 3).
Thus, sperm longevity, assessed by the TRT, was
not affected by the EDTA concentration.

Table 1. Motility, morphology, and membrane
integrity of fresh dog sperm (n=3; N=16)
Sperm characteristics Fresh semen

Forward progressive motility 4.3+05
Sperm motility (%) 85.31+7.4
Membrane Integrity (%) 68.0+£21.1
Total abnormalities (%) 33.3+£226
Major defects (%) 85+9.4
Minor defects (%) 24.8+17.9

Data presented Means + S.D

Table 2. Motility, morphology, membrane integrity and sperm binding ability of frozen—thawed dog sperm,
cryopreserved with (0.3% - EDTA 0.3; 0.5% - EDTA 0.5) or without (TGE) EDTA (n=3; N=16)

TGE EDTA 0.3 EDTAOQ.5
Ca (mg/dL)** 22.7+3.12 15+1.3° 0.00 + 0.00¢
Forward progressive motility* 3.0+0.5" 3.1+0.4° 2.4+0.6°
Sperm motility (%)* 64.7 £ 14.2° 62.8 +19.2° 45.0 + 20.6¢
Membrane Integrity (%)** 42.7 £19.8° 49.6 £ 19.82 46.5 £ 21.1°
Total pathologies (%)** 59.6 + 18.2° 49.8 + 23.0° 50.4 +£20.2%
Major defects (%)** 31.1+17.0° 22.3+17.6% 26.4+19.8%
Minor defects (%)** 28.50 + 8.52 27.4+15.32 23.9+£10.0%
DI (%)** 450+139°2 52.1+21.3% 49.7+2462
I (%)** 140+114¢% 10.8+9.6 2 140+139°%
DD (%)** 40.7+10.62 36.9+16.1° 36.3+21.3°?
ID (%)** 03+06° 03+06° 0.00 +0.00®
Sperm binding ability** 57.0+39.9°2 51.7+489°2 419+376°

Means * S.D. Mean values within columns with different letters differ significantly (p < 0.05). DI: damaged plasma
membrane and intact acrosome; II: intact plasma membrane and intact acrosome; DD: damaged plasma membrane
and damaged acrosome; ID: intact plasma membrane and damaged acrosome.* Kruskal-Wallis test **Ducan Test.

Table 3. Longevity of frozen—thawed dog sperm, cryopreserved with (0.3% - EDTA 0.3; 0.5% - EDTA 0.5)

or without (TGE) EDTA (n=3; N=16).
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Sperm motility (%)

Time (minutes) EDTA 0.3 EDTAO0.5
0 64.7+14.2° 62.8+19.2° 450+206"°
15 492+173°2 472+21.4° 28.1+205°
30 33.3+18.1° 34.7+24.0° 21.1+20.3°
45 206+21.2° 19.4+182°2 11.1 £15.7 @
60 11.4+137% 13.9+1752 50+120°

Means £ S.D. Mean values within columns with different letters differ significantly (p < 0.05) - Duncan Test.

DISCUSSION

EDTA can incorporate calcium ion through
divalent bonds from the oxygen present in its
structure, thus enclosing the calcium ion in a
heterocyclic chain and chelating it. We used
EDTA to chelate free calcium in maintenance and
freezing extender, making it unavailable to sperm.
Under physiological conditions, after binding to
zona pellucida, the sperm undergoes AR releasing
the enzymes necessary for sperm penetration
(Breitbart, 2002; Costa et al., 2010; Witte and
Schéfer-Somi, 2007). This process depends on the
mobilization of extra and intracellular calcium
reservoirs (Hewitt and England, 1998; Alhaider
and Watson, 2009; Szaz et al., 2000). It is known
that the cooling and the freezing processes
promotes changes in the sperm's ability to regulate
the inflow and outflow of calcium ions (Bailey et
al., 2000; Szaz et al., 2000). Thus, although the
mechanism is not well understood, the
cryopreservation process stimulates sperm
capacitation (cryocapacitation) and facilitates the
occurrence of the AR (premature AR) (Cormier
and Bailey, 2003). The cryopreservation diluents
containing TRIS, citrate and egg yolk are widely
used in the freezing of dog semen (Santana et al.,
2013; Lucio et al., 2016); however, Braud et al.
(2016) observed that calcium concentration in this
extender is about 10 times higher than in the
ejaculate. Thus, we can presume that by chelating
calcium in cryopreservation extender, the
premature AR may reduce (Mahi and
Yanagimachi, 1978). However, this was not
observed in this study.

Both EDTA concentrations (0.3% and 0.5%)
could reduce (p<0.05) free calcium concentration,
although all the calcium ions were chelated only
when EDTA was added to a final concentration of
0.5% (Table 2).

There was no difference (p>0.05) in sperm reacted
in the HOST between the three treatments (Table
3). The HOST challenges the sperm plasmatic
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membrane (PM) in a low osmolarity extender,
evaluating its ability to maintain the osmotic
balance between intra and extracellular
environments. In this respect, EDTA addition and
the consequent reduction (EDTA 0.3) or absence
(EDTA 0.5) of free calcium does not affect dog
sperm plasma membrane function.

Likewise, there was no difference (p>0.05) on
total pathologies between the three treatments.
Therefore, we can conclude that EDTA did not
promoted morphological changes in dog sperm,
even when it was used in higher concentrations
than tested in other species and in dog. Bittencourt
et al. (2004) assessed the effect of EDTA (0.1%)
in freezing extender for goat semen
cryopreservation and found an increase in the
amount of major defects compared to extender
without EDTA. However, this difference was not
detected in another study with the same species
(Freitas et al., 2008). Braud et al. (2016) found no
difference in pathologies when EDTA was added
in the extender (0.1% and 0.3%) for dog semen
cryopreservation.

In this experiment, the reduction (0.3 EDTA) and
the removal (EDTA 0.5) of free calcium could not
increase the percentage of thawed dog sperm with
intact acrosome (Il and DI; p>0.05). There were
also no differences in the sperm binding ability
according to the S-PVM assay. It has been shown
that calcium in the extender reduces sperm
viability and affects acrosome morphology
(Bailey and Buhr, 1995). However, corroborating
our results, other researchers also did not find an
increase in acrosome integrity (not reacted) in
thawed sperm when they used EDTA in extender
(Aisen et al., 2000; Freitas et al., 2008; Braud et
al., 2016). Thus, the reduction or removal of free
calcium in the extender does not prevent the
cryocapacitation and does not improve sperm
binding ability in dog sperm. Possibly, the amount
of intracellular calcium is sufficient to trigger this
reaction.
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As shown in Table 2, there was no difference
(p>0.05) in SM between TGE and EDTA 0.3
groups; however, it was lower in EDTA 0.5, in
which the calcium was completely removed. This
may be expected as calcium is necessary for
sperm motility and in the EDTA 0.5 the calcium
was completely removed (Lee et al., 1996). Thus,
experimentations should evaluate if post thaw
calcium addition can revert the effects of calcium
removal during cryopreservation.

Besides the difference in SM immediately after
thawing, there was no difference (p>0.05) in
sperm longevity after 60min incubation (Table 3).
After capacitation (and acrosome reaction), sperm
has limited ability to react to osmotic stress and
changes its motility, which reduces the longevity
(Flesch and Gadella, 2000). Besides the
interference of calcium concentration on SM after
thawing, the failure to prevent the premature AR
may explain why sperm longevity was not
affected by calcium removal.

Some studies were conducted to evaluate EDTA
addition for mammal sperm cryopreservation.
Aisen et al. (2000) had higher percentages of ram
sperm with intact acrosome and better sperm
motility, but this condition was observed only
when EDTA was used with the disaccharide
trehalose. Bittencourt et al. (2004) observed an
increase in sperm motility in frozen-thawed goat
semen, frozen with EDTA; however, it was not
observed in another study with the same species
(Freitas et al., 2008). The divergence found in the
literature regarding the effect of calcium chelation
in freezing extender is related to the different
extender compositions and cryopreservation
processing, which affect the sperm in different
ways. Moreover, those studies did not measure
calcium concentration after addition of the
chelating agent; thus, it cannot be determined if
the harmful or beneficial effects found were
actually due to the change in calcium
concentration. These differences also demonstrate
that calcium removal is not always desirable for
the sperm. In fact, the absence of this ion is
deleterious, since calcium is essential for sperm
movement.
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CONCLUSION

We conclude that partial or total calcium removal
through the addition of a chelating agent (EDTA)
does not prevent acrosomal membrane damage or
premature AR and thus does not improve sperm
longevity and binding ability. There are probably
different factors in diluents and cryopreservation
protocols, rather than calcium concentration,
which favor cryocapacitation and premature AR
in this protocol.
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