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SUMMARY

Collection of spermatozoa obtained from the
epididymis cauda (CES) is a viable option to pre-
serve of genetic material from threatened species
and for use in assisted reproduction. The aim of
the present study was to assess the in vitro effect
of four different extenders on spermatozoa from
goat epididymis cauda, cooled at 4 °C. Epididymal
sperm were recovered from the cauda by flushing
six pairs of epididymis. The samples of each pair
were mixed, subdivided into four aliquots and
diluted in coconut water-egg yolk (CW-EY),
physiologic solution with 0.5 % glucose and egg
yolk (PSG-EY), UHT skim milk (SM), and UHT skim
milk with egg yolk (SM-EY). The samples were
cooled at 4 °C for 2, 12, 24 and 48 hours. After
storage, in each period, the semen was evaluated
by the heat resistance test for sperm motility, vigor
and total morphological alterations. The motility
degradation rate was calculated at the end of each
time period. Sperm viability decreased with time in
the four extenders. Epididymal sperm diluted in
CW-EY showed higher values for vigor and motility,
although these parameters did not differ from the
sperm kept in the PSG-EY up to 48 hours at 4 °C,
except for spermatic vigor. However, the PSG-EY
and SM extenders caused greater morphologic
damage to epididymal sperm after 12 and 24 hours,
respectively. Extenders based on skim milk
provided less spermatic cell stability during 48
hours. In conclusion, CW-EY extender was the
most efficient extender to maintain CES viability at
4 °C.

Recibido: 4-7-12. Aceptado: 13-2-13.
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RESUMO

A colheita de espermatozdides da cauda do
epididimo (CES) é umaopgao viavel de preservagao
de material genético de espécies ameacadas de
extingdo, bem como para uso em reproducéo
assistida. Este trabalho teve como objetivo verifi-
car a eficiéncia de quatro diferentes diluidores
sobre os espermatozdides da cauda do epididimo
de caprinos, resfriado a 4 °C. Os espermatozoides
epididiméarios foram recuperados da cauda de
seis pares de epididimo. As amostras de cada par
foram misturadas e subdivididas em quatro
aliquotas que foram diluidas na agua de coco-
gema (CW-EY), solugéo fisioldgica glicosada 0,5
%-gema (PSG), leite desnatado UHT (ME) e leite
desnatado UHT-gema (ME-EY). As amostras foram
resfriadas a 4 °C por 2, 12, 24 e 48 horas. Apos
0 armazenamento, em cada periodo, o CES foi
avaliado através do teste de termoresisténcia
quanto a motilidade, vigor espermatico e altera¢des
morfologicas total. A taxa de degradacdo da
motilidade foi calculada no final de cada periodo.
Aviabilidade esperméatica diminuiu comotempo de
refrigeracé@o nos quatro diluidores. Os CES diluidos
na CW-EY apresentaram maiores valores para
vigor e motilidade, embora estes parametros nao
deferissem daqueles mantidos no PSG por até 48
horas, exceto para vigor espermatico. Entretanto,
os diluidores PSG e ME ocasionaram maiores
danos morfolégicos aos CES a partir de 12 e 48
horas, respectivamente. Os diluidores ME e ME-
EY proporcionaram a célula espermatica menor
estabilidade durante 48 h de conservacao.
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Concluiu-se que o CW-EY foi 0 mais eficiente em
manter a viabilidade dos CES a 4 °C.

INTRODUCTION

Obtaining caudal epididymal spermisan
important techniquein the propagation and
conservation of animal specimenswithhigh
genetic values after serious injury or from
deadanimals(Dongetal., 2008), endangered
species (Santiago-Moreno et al., 2006) and
pets (Leibo and Songsasen, 2002). In
addition, if the epididymal sperm are
obtainedimmediately after death, thegamete
remainsalivefor 24to48 hoursandisviable
for fertilization (Dong et al., 2008). In this
context, assisted reproductive techniques,
such as artificial insemination (Santiago-
Moreno et al., 2006), in vitro fertilization
(Blash et al., 2000) and intracytoplasmic
sperm injection (Jimenez-Macedo et al.,
2005) havebeenreportedintheliteratureas
biotechnology that has given satisfactory
results.

At ejaculation, ruminant seminal plasma
contains factors that positively or nega-
tively influence the fertilizing capacity of
the spermatozoa (Y amashiro et al., 2006).
Anexampleof thisnegativeinteractionwas
observed in goat semen dilution, when the
cryosurvival in extenders contained egg
yolk (Roy, 1957) or milk (Nunes, 1982). The
phospholipases A2 (PLA2) are enzymes
present in seminal plasma that hydrolyze
egg yolk lecithin in fatty acids and
lysolecithin (Roy, 1957; Iritani etal., 1964),
and react with the phosphocaseinate
fraction of skimmed milk-based extenders
(Pellicer-Rubio et al., 1997), producing
compounds toxic to the spermatozoa.

Therefore, optimizing cryopreservation
extendersisafundamental issuefor properly
performing germplasm banking of wild
species. However, therearefew comparative
studies about the effect of extenders
routinely used in ejaculated spermatozoa
cryopreservation on caudal epididymal
sperm viability, and there are no domain

protocols for cryopreservation in the goat
species, mainly because the use of coconut
water extender, which is poor in phospho-
lipids, has simplified the technology of
storing liquid goat semen at 5 °C (Nunes,
1998). Therefore, theobjectiveof the present
study was to test the effect of different
extenders on goat cauda epididymal sperm
when cooled at 4 °C for 48 h.

MATERIALAND METHODS

Epididymal sampleswerecollectedfrom
six crossbred malegoats, average22.4+5.9
months of age, weighing 36.2 + 6.9 kg and
with 24.7 £ 1.3 cm scrotal circumference.
These animals are characterized by their
small size and high adaptability in tropical
environments(Catundaet al., 2011). All the
animals were adults and kept in individual
stallsin aventilated building and were fed
uniformly accordingtothe NRC (1981).

The pair of epididymis (n=6) were
obtained by surgical castration. Inbrief, the
animals were sedated with 2 % xylazine
hydrochloride (Rompum?®, Bayer), then2 %
lidocainehydrochloridewasapplied (Anes-
theticL Pearson, Eurofarma) inthespermatic
cord and the scrotum skin to induce local
anesthesia. Subsequently, the testicles and
epididymiswereremoved, refrigeratedto 5
°C and taken to the laboratory. The
epididymis were dissected and separated
from the testes. The sperm were recovered
fromthecaudaby flushing, asrecommended
by Martinez-Pastor et al. (2006) with
retrograde washing of the vas deferensand
epididymis cauda. A syringe was used
loaded with 4 mL of the saline solution
cannulated to the vas deferens using a
blunted 21G needle. The caudawasperfused
with the saline solution and air afterwards,
until all thecontentswereflushed out of the
epididymis cauda. An average of 0.2 mL
caudaepididymal sperm (CES) content was
recovered. After the retrograde washing of
thepair of epididymis, amix (pool) wasmade
from therecovered sol ution of each animal.
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Thesamplewasthen centrifugedinaSigma
refrigerated centrifuge(model 4K 15) at 34170
0/20 min/+4°Ctoremovethesalinesolution
and epididymal fluid. The supernatant was
carefully removed and the pell et re-suspen-
dedinfour different extendersto reach 200
x 10° spermatozoa/mL . The sperm concen-
tration of the pool was determined in a
hemacytometer using diluted semen samples
(1: 400; Evansand Maxwell, 1987).

Different extenders were used: (1)
Coconutwater eggyolk extender or CW-EY
(50mL coconut water -green variety and
average age of six months, 50 mL 2.5 %
sodium citrate solution and 2.5 % egg yolk
(v/v) in 100 mL distilled water g.s.p.),
prepared according to Nunes (1998); (2)
Physiologic solution with 0.5 % glucose
and eggyolk (v/v) or PSEY; (3) Ultra-heat-
treatedlong-life, UHT ME (PARMALAT S
A) and (4) Milk-based extender or ME-EY
consisting of long-lifeultra-heat-treated milk
with2.5%eggyolk (v/v). After preparation,
the extenders were incubated at 5 °C until
use, and were heated to 38 °C for use at the
timeof theexperiment.

Afterdilution, a250 uL samplefromeach
suspension (CES+ extenders) wasincubated
at 38 °Cinawater bath to evaluate the heat
resistancetest for vigor (scalefrom0to 5),
spermmotility (0-100 %) and total morpho-
logical alterationsat 5, 60 and 120 minutes,
using optical microscopy (Cortell, 1981;
CBRA, 1998), which corresponded to TO
fresh semen. The remainder of the diluted
semen was collected inaclosed glasstube
and incubated in a beaker at ambient
temperature. It wascooled gradually to4°C
and stored in arefrigerator for upto 48 hto
evaluate the caudal epididymal sperm
characteristicsat 2, 12, 24 and 48 hoursafter
storage. Attheend of eachtimethemotility
degradation rate (MDR) was calcul ated by
thefollowingformula(Camposetal ., 2004):

MDR = Vigor (5 min) —Vigor (120 min) x 100
Vigor (5 min)

Thepercentageof abnormal sperm (PAS)
was determined after staining cells with
bromophenol blue (Medeiros et al., 2006),
counting 200 cells/treatment (Colas, 1980)
in one sample from each treatment and
storagetime(T0, T2, T12, T24 and T48) after
120 minincubation.

Thestatistical program SAS@ was used
to analyze the data. Percentage data
underwent angular transformation (arc sine
square root percentage transformation)
before analysis. Analysis of variance was
performed using randomi zed block designs
to evaluatetheeffect of different extenders
on sperm characteristics (sperm motility,
vigor, MDR and PAS). The means of these
variables across treatments and storage ti-
mes were compared using the t Student
statistical test, with 5% probability of error.

RESULTS

Tables| and || show patterns of cauda
epididymal sperm characteristicsinthefour
different extenders at 4 °C for 48 hours
conservation. No significant difference
(p>0.05) wasobserved regarding spermatic
vigor during 48 hours storage using semen
dilutedin CW-EY and ME-EY . However, a
significantly decreased (p<0.05) vigor was
observedinthe PSG-EY and ME extenders
during/after 24 hstorage(tablel). Thesperm
motility decreased significantly (p<0.05) 24
h after storageinthe PSG-EY , ME and M E-
EY extendersand after 48 h storagein CW-
EY extender (tablel).

Significantincrease(p<0.05) inthesperm
cell morphol ogy from caudaepididymiswas
observed after 12 hourscoolinginthe PSG-
EY extender and 48 hoursinthe ME exten-
der. However, significant alterations were
not found (p>0.05) in the sperm cell
morphology from cauda epididymis when
preservedin CW-EY and ME-EY overtime
(table I1). The motility degradation rate
increased significantly (p<0.05) inthe PSG-
EY and ME extendersafter 12 and 48 hours
of cooling, respectively.
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There were differences between exten-
dersfor spermaticvigor and motility (table
1), but no significant difference (p>0.05)
was detected between extendersintermsof
percentage of abnormal sperm and motility
degradationrate (tablell). Spermaticvigor
wassignificantly higher (p<0.05) in semen
diluted with CW-EY over the conservation
time, after 2 and 48 hours of conservation
whencomparedtotheME, ME-EY and PSG-
EY extenders, respectively (table 1).
Differences were also detected between
PSG-EY and ME up tol 24 hours of
conservation, while higher values were
observedinthePSG-EY extender. Regarding
sperm motility, the PSG-EY and CW-EY
extenders provided the best results
comparedtosemendilutedwithMEupto 12
and 24 hours of storage (tablel).

DISCUSSION

Spermatic cell processing using ade-
quate extendersisone of the key pointsfor
successful assisted reproduction (Azawi et
al., 1993; Maraet al., 2007). In the present
study, the caudaepididymal sperm characte-
risticswerecomparedinfour such extenders
during storage for 48 hoursat 4 °C.

The effect of cooling at 4 °C on storage
timewas verified on all the characteristics
fromcaudaepididymal sperm (spermmoatility,
vigor, morphology and motility degradation
rate). The reduction in characteristics
observed in the present experiment during
storage at 4 °C may havebeen duetoasum
of factors, such asthe partially irreversible
damagetotheepididymal sperm membranes
that results in the loss of vital cell consti-
tuents, and consequently reduced sperm
metabolic rate, motility and spermatozoa
survival time in the female reproductive
tract (Blackshaw and Salisbury, 1957; Holt,
2000; De Pauw et al., 2003); and reduced
extracellular pH, which can causeagradual
declinein cell metabolic activity (Corteel,
1974; Vishwanath and Shannon, 2000)
because there is a build-up of lactic acid

produced by bacterial growth andtheir own
aerobic metabolicactivity (Miki etal., 2004),
and heat shock dueto temperature changes
to which the sperm are subjected (Azawi et
al.,1993; Varisli etal., 2009).

As expected, there were differences
among extenders regarding conservation
time for spermatic vigor and motility. In
gjaculated sperm from different species, the
effect of different extendersat 4°C on sperm
characteristicsiswell known (Azawi et al .,
1993; Maraet al., 2007). In these studies,
the differences have been related to the
extender composition. The present results
clearly demonstrate that coconut water
based extender affords a more adequate
mediumto sustaintheviability of epididymal
sperm storage at 4 °C, because of it could
maintain the sperm characteristics for a
period of up to 48 hours better than other
extenders(tablel andll). Thesebest results
can be explained by coconut water compo-
sition. Coconut water and egg yolk areusual
components of semen extenders for goats
(Camposet al ., 2003; 2004). Coconut water
ispoor inphospholipidsandrichincomplex
organic molecules, suchasproline, glycine,
glutamic acid and indole-acetic acid (IAA)
which protect and extend the spermatozoa
lifespan, based on cell membraneprotection
that reinforces its molecular structure
(Nunesand Combarnous, 1995). Eggyolkis
well knownfor itsprotectiveactiononsperm
membranes against heat shock during
storage at 5 °C (Watson and Martin, 1975;
Leeuw etal., 1993), whichisduetothelow-
density lipoproteinfraction (Moussaet al .,
2002).

In addition, it was observed that IAA
present in coconut water had a beneficial
effect on boar sperm acrosomal integrity ,
but it is assumed that other molecules
present in coconut water also play a
protective role (Toniolli et al., 1996).
Azevédo and Toniolli (1999) also reported
that spermmotility andvigor increased with
the addition of indole-3-acetic acid to skim
milk extender. Several studies have
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demonstrated that coconut water after
correcting osmolality and pH iseffectivein
the maintenance of in vitro and in vivo
spermatic cell characteristics(Nunes, 1998).
Therefore, we believe that the best results
observed with the CW-EY extender can be
attributed the characteristics mentioned
above, as well as the presence of sodium
citrate that exerts a buffering power
preventing rapid changesin the medium pH
(Holt, 2000). Recently, Barrosand Toniolli
(2011) reviewed the potential effects of
coconut water on semen technology and
reportedthatitsutilization asan extender is
important because it is an easily prepared
and cheap alternative for semen transport
over small distancesandfor useinartificial
insemination programs in several species.

Initially, it was reported that isotonic
sodium chloridewasthefirst extender used
to dilute semen from domestic animals to
evaluate sperm metabolicactivity (Salisbury
and Nakabayashi, 1957) and asaconstituent
to eval uate sperm concentration (Evansand
Maxwell, 1987). The present study shows
that PSG-EY extender can be used to
refrigerate caudaepididymal spermatozoa,
since similar resultsin terms of MDR and
PAStestswere observed compared to CW-
EY. However, more studies should be
conducted to improve the viability of the
PSG-EY extender over conservation time,
because of asignificant decrease (p<0.05)
in the sperm motility and vigor, sperm cell
morphology and motility degradation rate
during storage (tables | and I1). Some
properties should be taken into conside-
ration when elaborating an extender, such
as membrane protective capacity against
possible damage by heat shock and
mechanical injuriesduring spermtranspor-
tation. The extender should also provide
nutrients and stabilize the medium pH and
osmotic pressure (Leboeuf et al., 2000;
Verstegenetal., 2005).

The extenders based on skim milk did
not satisfactorily preserve caudaepididymal
spermatozoaquality. Althoughtheskimmilk

and egg yolk extender hassimilar patternsin
terms of spermatic vigor, abnormal sperm
percentage and motility degradation rate
during 48 hoursof storagein CW-EY exten-
der, thespermatic motility of thespermatozoa
in this extender decreased significantly
(p<0.05) 24 h after storage. In addition, the
valuesof the characteristicsanalyzed were
significantly lower (p<0.05) compared to
sperm cryopreserved in coconut water and
PSG-EY . Previousstudieswith spermcells
from the gjaculate have warned about the
short life span of goat sperm stored with
skimmilk (Corteel, 1974; Pellicer-Rubio et
al., 1997). Vianaet al. (2006) worked with
different extenders and found a significant
decrease (p<0.05) in spermmotility and vi-
gor, as well as increase in the acrosomal
damageand number of abnormal sperm after
3 and 24 hours conservation, respectively,
in semen stored in skim milk-glucose.
However, our results indicated that
epididymal spermviability canbemaintained
for upto24 hoursof storage(tables! andl1).

Camposet al. (2003 and 2004) found that
storage at 4 °C reduced sperm motility and
vigor after 24 hours of conservation when
dilutedincoconut and milk-eggyolk. Inthis
study, we verified that only the sperm
motility wasaltered from 48 hoursof storage
when preserved in coconut water-egg yolk
extender (table 1). In fact, the gjaculated
sperminruminantsisparticularly suscepti-
ble to heat shock because of their large
amount of unsaturated phospholipids, low
cholesterol:phospholipid ratios (Darin-
Bennett and White, 1977) and higher
membranepermeability (Scottetal., 1967).

Wedidnot observesignificant difference
(p>0.05) inthepercentage of abnormal sperm
and motility degradation rate between
extendersin any conservation time. These
results differed from those reported by
Pereira-Rocha (2012) who observed inte-
raction between extender and conservation
time for this characteristic. The motility
degradation rate increased significantly
(p<0.05) only in the ME extender after 48
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hoursof coolingfrom35.3+ 19.4t044.2 +
29.2, thisresult wasassociated with agreater
decrease in the spermatozoa vigor in this
extender. Theseresultsweresimilar tothose
obtained by Azevédo and Toniolli (1999)
who showed that after 48 hours of storage
therewasanincreasein MDRingoat semen
when diluted in skim milk. Thus, these
findings indicated that extenders based on
skim milk arenotindicated for conservation
of goat cauda epididymal sperm.
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