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ABSTRACT

The aim of this study was to evaluate the viabdftpull spermatozoa collected from the cauda elyidhiis stored at
18-20°C, which were compared with semen collecyeeléctro-ejaculation method and preserved at 5°€h pairs
of testes from Tabapua bulls were removed by octiriey and stored for 6 (G6), 12 (G12), 18 (G18)(@24) and
30 (G30) h at room temperature (18-20°C). Sevensdagfore orchiectomy, semen was collected by electr
ejaculation method. The sperm parameters evaluatee: sperm motility, vigor, concentration, morpbgy and
acrosome defects. Sperm motility declined (p<Ov@3n spermatozoa were stored for 30 h in the epidisl The
spermatozoa from the epididymis showed lower spawtility than that of spermatozoa collected viactie-
ejaculation. There was a little expressive decreimssperm vigor and increased in morphological defewith
storage time, but the acrosome integrity was nfeicééd. Cold storage (5°C) maintained sperm vidbtel 5 to 40.8
h. Thus, it was possible to recover viable sperith wi.25% of motility from the cauda epididymigatbat room
temperature of 18-20°C for 30 h. There were difiees between the ejaculated and epididymal spertindéobulls
and the conservation at 5°C allowed short-term preation of the gametes.
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INTRODUCTION germplasm available for future use (Tittarelli et a
2006). Studies have shown the efficacy and
The unexpected losses of genetically valuablpotential of epididymal spermatozoa to result in
animals, as well as the difficulty to collecting fertilization in vitro andin vivo by using these
semen from wild species lead to an increase in ttgpermatozoa in artificial inseminatiom vitro
use of artificial reproductive techniques, since ifertilization of embryos and intracytoplasmic
proves to be one of the unique possibilities tesperm injection with satisfactory results (Santiago
preserve the genetic material of these animalloreno et al. 2006; Martins et al. 2007; Costa et
(Kaabi et al. 2003). The recovery andal. 2011; Monteiro et al. 2011; Ringleb et al.
cryopreservation of spermatozoa from the2011).
epididymides of deceased animals (recoyeogt- The cauda epididymis in the mammals is
mortem)is a viable option in maintaining their responsible for the storage of viable spermatozoa
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until the moment of ejaculation and proportions as well as assessing the resistance time of the
favorable environment for the preservation of itsspermatozoa when stored at 5°C post-collection.
fertilization capacity for several weeks (Jones

2004). However, it is known that after the death

the gametes in the body of animals, there is rapiMATERIALS AND METHODS

degeneration, and the conditions such as time and

temperature to which the epididymis is exposed-ocation and Animals

influence directly the sperm viability (Kaabi et al The experiment was conducted on a farm located
2003). at 25°37'0.4.4"south, 52°48'58.9" west, and at
Ideally, the collection of gametes should be don€05 m above sea level, in the south-western
immediately following the death of the animal;Province in the state of Parana, Brazil. Ten
however, this is usually not always possible. IfPurebred Tabapua bull8¢s taurus indicus with
countries of continental dimensions, the harvestingh average age and weight of 63 months and 573
and preservation of epididymal spermatozo&d respectively were selected. The animals were
immediately post-mortemproves to be difficult reared in an extensive grazing system of star grass
due to the lack of technicians, or equipmentéCynodonspp, and divided in paddocks with
(Martins et al. 2009). In tropical countries, anisna access to shelter, water and mineral salt (Fosbovi
are exposed to an average temperature of 20°80, Tortuga, S&o Paulo, Brazilpd libitum
Studies in various species have evaluated tH&roughoutthe experiment.

durability of spermatozoa in the cauda ) _ _
epididymides maintained at room temperatur&emen Collection by  Electro-ejaculation
about 20°C (Garde et al. 1998; Muradas et aMethod

2006; Weiss et al. 2008; Toyonaga et al. 2011)fWO ejaculates were collected by electro-
However, in the bovine species, there are feygiaculation method from each bull within a three-

these conditions. sperm parameters. Seven days subsequently to this

Others studies in several species havBrocedure, another semen sample was collected to

demonstrated that when the epididymides argorres'pond to the electro-ejaculated semen. The
maintained cooled immediately after the death, thBréputial orifices of the bulls were cleaned by

periods (Martinez-Pastor et al. 2005; Soler et afolution warmed at 37°C before each sample
2005; Tittareli et al. 2006; Martins et al. 2009).collection.

However, in a realistic view of the extensive @attl _

production system in Brazil, when the carcass opP€m Evaluation _

the animal has been found, many hours ha mediately after the collection, the semen was

passed since it has been exposed to atmospheffi/ted with a skim milk-based diluent (Botu-
temperature. Turbo g Botupharma, Botucatu, B.raz'll) in a
Several sperm collection methods are employed @oPortion of 1:1 (v/v) and was maintained at a
harvest the epididymal sperm and vary accordingempt_arature of 29°C in watter bath for an hour until
to the animal species, the size of the epididymi tabilized. The semen samples of.each group were
and the operator. In bulls, the most appropriatgvaluated based on the following parameters:
method is retrograde flush. This method providedtility (0-100% sperm motility); vigor (0-5;
good quality sperm samples free of the cells ang=aPsence  of -~ progressive  movement ~and
blood tissue contaminants (Turri et al. 2011). Th@=Vigorous and fast movement) for subjective
objectives of this study were to determine th&nalyses determined optically under a microscope
viability time of spermatozoa stored in the cauddVith two different evaluators and applying an
epididymis of Tabapud bulls36s taurus indicys average, and — also sperm  concentration,
at room temperature of 18-20°C to compare thg0rPhology and acrosome defects. The sperm
sperm parameters (motility, vigor, morphologicalconcentration was  determined using  a
defects in spermatozoa and acrosome defects) Bgmocytometer 1:100 dilution (semen: buffered

spermatozoa collected from the caudal epididymai@liné-formalin  solution).  The results ~were
eported as the number of cells/ml and multiplying

with those obtained by electro-ejaculation methoc{!)y the total volume of the sample resulted in the
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total number of spermatozoa. To evaluate theontaminants. The epididymis was dissected away
morphological characteristics of the spermatozodrom the testis and the spermatozoa were collected
an aliquot of 20 puL of semen was diluted in 2.(by the method of retrograde flushing as described
mL of buffered formalin-saline solution. The by Martinez-Pastor et al. (2006) with
aliguots were placed in 1.5 mL ampoules andnodifications. Each cauda epididymis was washed
stored at 4-5°C for subsequent analysis. Theith 20 mL of the diluent Botu-TurBY warmed
evaluation of sperm morphology and acrosomat 37°C with its osmolarity specific for the bovine
integrity was analyzed using a phase contrasipecies (20 mL of distilled water to 100 mL of
microscope (Olympus BX41, Tokyo, Japan) aimedium). After the dissection of the vas deferens
x1000 magnification and 200 sperm cells wereand the final portion of the epidermis duct, sperm

counted per slide (Blom 1973). wash medium was injected into the lumen of the
vas deferens with the aid of a 0.7 mm hypodermic
Bilateral Orchiectomy needle attached to a 3.0 mL syringe. The diluent

Seven days after the collection of the electrowas applied in the opposite direction of the normal
ejaculated semen, the bulls were castrated. Aftélow of the spermatozoa. The diluted spermatozoa
adequately restraining each animal, the surgicalere deposited in a warmed recipient and placed
procedure was performed. Ten milliliter ofin a water bath of 29°C for an hour for adaptation
lidocaine (without vasoconstrictor) was injectedand stability. The same analyses were repeated for
into each spermatic cord and 5.0 mL along théhe semen collected by electro-ejaculation.
surgical incision line of each testis. A 10 cm
horizontal incision was made on the outside of th&emen Refrigeration
lower half of each side of the scrotum with aAfter collection and evaluation, the spermatozoa
scalpel exposing the testicles. Another incisiodrom epididymis and ejaculated were kept
was made to remove the membranes covering thefrigerated in a transport container (Botutailtgr
testicle until the testicle and epididymis wereBotupharma, Botucatu, Brazil), which preserved
completely exposed. The spermatic cord wathe sample at a 5°C, with a maximum refrigeration
liberated from the tunica vaginalis and was ligatetime of 48 h. The spermatozoa from the right and
with two sterile nylon clamps (1 mm wide), placedleft epididymis were pooled together, resultingin
transversally on the spermatic cord 2.0 cm aparsingle sample per animal, to which an equal
Kelly forceps were placed ventral to the seconwolume of refrigerated medium (Botu-TurBb
clamp and the spermatic cord was sectioned 2Botupharma, Botucatu, Brazil) (v/v) was added as
cm below the ligature. The forceps were removedone for the semen collected by electro-ejaculation
once no bleeding was observed. The proceduraethod. Every 6 h, the total motility of an aliquot
was repeated on the contralateral testis. Thef semen samples was evaluated until a minimum
surgical wound was sprayed with a repellent andf 30% motility was attained.
an antiseptic solution.

Statistical Analysis
Storage of the Epididymides The data obtained in the experiment were initially
Immediately after the orchiectomy, the bovinesubmitted to the Shapiro-Wilk normality test. Data
testes were individually packed and identified inwith distribution non-Gaussian, or the ordinal
plastic bags and maintained at 18-20°C for 6 to 30ategorical variables used were the Kruskal-Wallis
h post-orchiectomy. The 20 epididymides werdest (morphological deformed spermatozoa,
randomized allocated in five treatment groupscrosome defects, total motility and vigor) with
according to the time post-orchiectomy: 6(G6)the Dunn post-test. For continuous variables with
12(G12), 18(G18), 24(G24) and 30(G30) hoursGaussian distribution (concentration/ml and total
with a total of four epididymides per group. number of spermatozoa recovered), data were

analyzed by ANOVA, with the Tukey-Karmer
Semen Collection from the Caudal Epididymal  Multiple Comparisons test. For all the < 0.05
When the specified storage time post-orchiectomwas considered significant. For the execution of
had elapsed, the testis-epididymis complex werdescriptive and inferential statistics, the StatVie
washed with Ringer lactate solution preheated aoftware was used (SAS Institute Inc., Cary, NC,
37°C to remove any vestige of blood andU.S.A).
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RESULTS The sperm vigor demonstrated a little expressive
reduction and the percentage of morphological
The electro-ejaculated semen (EES) demonstratélgéfects in spermatozoa increased in proportion to
an average of 85% total motility, 5% vigor andthe time for which the epididymides remained at
8.2% morphological defects in the spermatozoa dgbom temperature. However none of the groups
which only 2.6% comprised of acrosome defectpresented more than 30% morphological defects.
(Table 1). Evaluation of the caudal epididymalThere was no significant difference between all the
spermatozoa showed no significant decline igroups in relation to spermatozoa acrosome
sperm motility up to 24 h, with only a significant defects (Table 1).
decrease occurring in G30. The semen collectdd relation to the sperm concentration, the values
by electro-ejaculation method differed from itsreported varied greatly between the groups, having
counterpart collected from the caudal epididymigio correlation with the quantity of spermatozoa
at different hours for presenting higher motility, recovered. However there, was an association with
vigor and less morphological defects inthe time of collection (Table 2).
spermatozoa (p<0.05) as shown in Table 1.

Table 1 - Mean values and standard deviation of motilityjgov and morphological characteristics of the
spermatozoa collected from the cauda epididymis @GB; G18; G24; G30) and by electro-ejaculatiorthoé
(EES) of Tabapua bulls.

Sample - ' Morphological defects in ~ Sperm individual Acrosome defects
(nzfl)) Motility (%) Vigor (0-5) sppermgzjitozoa (%) pdefects (%) (%)
H-MP-T
EES* 85+5.7 5+C 8.2+3.9 4-02-4 2.6+2%
G6 67.5+11.9 5+C 9.5+3.% 2-05-7 2+12
G12 66.25+75 5+CF 18 +3.9 4-0-10 2.25+ 32
G18 67.5+2.8 45+ 7 21.25+6.% 6-1,25-14 3.75+ 29
G24 58.75+8%5  47+038 195+3.2 5-1-13,5 1.25+1%
G30 41.25+7%5 4+ 265+ 3.1 7-0,1-194 3.5+0%
**EES n=10

H, head; MP, middle piece; T, tail.
Different letters within the same column are sigaifitly different (P <0.05)

Table 2 - Mean values of the concentration in ml, voluraenple and total number of spermatozoa collectewh fro
the cauda epididymis (G6; G12; G18; G24, G30) andlectro-ejaculation method (EES) of Tabapua bulls

Sample (h=4)  Concentration (1&/ml) Volume sample (ml) Total number of spermatozoaecovered (16)
EES* 568.8 55 3,155.1
G6 189.378 20 3,787.%
G12 426.87% 20 8,537.5
G18 321.25% 20 6,425.5
G24 181.875% 20 3,637.8°
G30 101.813 20 2,036.25
*EES n=10

Different letters within the same column are sigaifitly different (P <0.05)

When evaluating the groups G12 and G18 theamples from the right and left epididymis,
number of recovery spermatozoa was higlshowed the average number of spermatozoa
(p<0.05) than others. The highest average afcovered was 9.58 + 5 billions, being higher than
426,875 million spermatozoa per ml was observethe average score of 3.21 + 2.4 billion spermatozoa
in G12 and an average of 8.53 billion spermatozoaf the semen collected via electro-ejaculation of
recovered from the cauda of only one of thehe same animals (p<0.05).

epididymis. Evaluation of the total concentrationSpermatozoa cooled at 5°C remained viable for 15
of epididymal sperm that was pooled by theo 40.8 h post-collection depending on the storage
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time (Table 3). The semen collected via electroresistance of 36 h along with 24 h in the
ejaculation had an average durability of 40.8 repididymis, totaling 60 h or 2.5 days post-
(total motility > 30 %) and for the epididymal orchiectomy that maintained good sperm motility
spermatozoa the groups varied between 15 to 36 for future use. The least resistant to cooling°& 5
The G24 demonstrated an average coolingias the group G30 (19.

Table 3 - Time at room temperature, average and standarétitaviof resistance time at 5°C (minimum of 30%
motility) and total time after orquiectomy of thpesmatozoa collected from the cauda epididymis G&2; G18;
G24; G30) and by electro-ejaculation method (EE&nfTabapua bulls.

Specimen Time at 18-20°C Resistance time of spermatozoa at 5°C  Total time after orquiectomy
(n=2) (hours) (hours) (hours)
EES* 0 40.8+222 -
G6 6 27 +21.2 33
G12 12 21+43% 33
G18 18 30+84% 48
G24 24 36+25% 60
G30 30 15+42 45
*EES n =10

Values followed by different letters in the saméuoan are significantly different (p <0.05)

DISCUSSION 2006). Other studies have reported that under
refrigeration storage of epididymis (Soler et al.
Recent studies have demonstrated that epididymaP05; Martins et al. 2009), a significant decline
spermatozoa has been viable for a determined tinggcurred only after 48 h when storage was at 5°C,
after the death of the animal, however this varieshowing that transport the testis after orchiectomy
according to climatic conditions and temperaturdo laboratory at 5°C was better to maintain sperm
(Tittarelli et al. 2006). In this study, sperm niiogi ~ Viability than at room temperature, but in most
was the parameter most affected by time aftetases it might not a viable alternative, which
orquiectomy (Table 1). Previous studies indemonstrated the importance of knowing how to
different species (Yu and Leibo 2002; Kaabi et almanage under such conditions.
2003: Martinez-Pastor et al. 2005;: Muradas et allhe results obtained in this study have shown that
2006) have reported that the motility ofthere were differences between the sperm
epididymal spermatozoa was the first parameter toharacteristics of epididymal and ejaculated sperm
be affected by post-mortem followed by of the bulls as described by Silva et al. (2003),
morphological alterations. This was due to the fagerincipally in sperm motility which was lower in
that the longer thgost-mortemtime, the higher epididymal spermatozoa, mainly due to the effects
the rate of tissue decomposition and degenerati@f time and lack of seminal plasma on these
of motile spermatozoa (Songsasen et al. 1998yamples.
However, the group G30 even though showing &s shown in Table 1, sperm vigor decreased 18 h
significant decline (p<0.05) in comparison to theafter storage; however, remained constant until 30
other groups, still possessed a considerable after storage after which a significant decrease
quantity (41.25%) of motile spermatozoa (Table 1)vas observed. As the vigor was directly related to
revealing a promising results that even after 30 the motility, showing that the time after castratio
of castration, it was still possible to recoveromg also affected this parameter. However, these
amount of motile spermatozoa from thevalues were considered satisfactory for this
epididymis of the bulls under conditions of roomspecies. There was an increase in spermatozoa
temperature. morphological alterations due to the permanence
The spermatozoa collected from the caudéme of the spermatozoa in the epididymis, being
epididymides of the bulls showed no significanthigher than that in the EES group. The presence of
decrease in sperm motility only until 24 h afterdistal cytoplasmic droplets was the defect with the
storage at room temperature, as described in shelighest frequency (Tablel), which was in
(Kaabi et al. 2003) and stallions (Muradas et alaccordance with other studies involving bull
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epididymal sperm (Silva et al. 2003; Martins et alpossibly due to the individual effect of one bull
2009). The presence of distal cytoplasmic droplethat produced spermatozoa resistant to cooling
was considered normal for spermatozoa recoverdgtVatson 2000). This variation individual has been
directly from the bull's epididymides and reported in several species (Hernandéz et al. 2007,
correlating the sperm individual defects with theAurich 2008; Medrano et al. 2010), and can be
storage period with the morphological aspect wasalled as the “bull effect” in cattle.

the sperm tail. The values obtained in all thelhese results supported the use of the procedures
groups were lower than 30%, that was thealescribed on this study in cases of sudden death
maximum value recommended for the utilizationfrom a breeder of high genetic value when carcass
of bull semen (CBRA 1998) favoring the use ofwas exposed to a temperature around 18-20°C.
spermatozoa. In all the groups, there was no higher

percentage of loss in acrosome integrity and there

was no significant difference between the group€ONCLUSION

for this parameter ensuring good quality to sperm

(Tablel). A study in stallions (Muradas et al.lt was concluded that it was possible to recover
2006) reported that the defects in the spermatoza@able spermatozoa with 41.25% of motility from
acrosome did not differ between the epididymathe cauda epididymis stored at room temperature
and ejaculated sperm when maintained at a rooat 18-20°C for 30 h in the bulls after orquiectomy.
temperature. This occurred because under the3@ie epididymal spermatozoa differed from the
conditions, there was no risk of injury due toejaculated spermatozoa, which represented higher
freezing, osmotic stress, oxidative stress andhotility, vigor and less amount of total
thermal shock responsible for cause lesions to thmorphological defects (p<0.05); the acrosome
acrosome membrane (Crister and Mobraten 2000fefects did not differ. The cooling (5°C) of the
The average concentration obtained pesperm was a viable alternative for the temporary
epididymis between the groups (Tab. 2) showegreservation of gametes to maintain good motility
no direct correlation with time; instead there wasip to 36 h for spermatozoa collected from the
an association with the collection efficiency andcaudal epididymis and 40.8 h for those collected
the size of the testes and epididymides of thby electro-ejaculation method.

animals. Bulls randomly allocated in G12 were

older bulls and as such possessed a higher scrotal

circumference, which reflected in superior spernREFERENCES
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