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A B S T R A C T

The objectives of the study were to develop a protocol for preserving Western African Dwarf
(WAD) ram cauda epididymal semen that could be applied in preserving and storing the semen of
endangered species/genetically valuable animals in case of death and to study the morphometric
characteristic of epididymides after refrigerated storage. Thirty testes-epididymides were col-
lected immediately after slaughter from mature WAD rams and transported in ice chest at
(4.5–6 °C) to the laboratory. The samples were either processed immediately or stored in a re-
frigerator at 5 °C for 6, 12, 24, 48 h. The results indicate that the semen motility decreased (P <
0.05) when compared to the control [87.5± 2.1% (0 h), to 85.0±1.8% (6 h), 73.3± 3.6%
(12 h), 53.3±2.5% (24 h) and 50.0± 2.9% (48 h)]. The sperm concentration also decreased
(P < 0.05) as duration of storage increased (0 h) 157.5 ± 8.2, (6 h) 152.3 ± 5.8, (12 h)
125.3 ± 4.4, (24 h) 106.2 ± 2.9, (48 h) 98.5 ± 3.5. Semen viability decreased as duration of
storage increased from the 0 h to 48 h [(P < 0.05; 84.0 ± 1.4%, 82.8 ± 2.2%, 77.3 ± 1.7%,
69.8 ± 1.5%, and 66.5 ± 1.2%, respectively]. Furthermore, there was a decrease (P < 0.05)
in percentage of intact acrosome as duration of storage increased [(0 h) 90.7 ± 1.0%; (6 h)
89.3 ± 2.0%; (12 h) 85.5 ± 1.6%; (24 h) 70.0 ± 2.4%; and (48 h) 73.3 ± 2.1%]. The results
from this study indicate that epididymal semen of WAD rams recovered and preserved at 5 °C for
48 h may be used for artificial insemination.

1. Introduction

In Nigeria, small ruminant populations total about 22.1 million sheep (Afolayan et al., 2001). The West African Dwarf (WAD)
breed is a small-bodied, compact breed which has an all-white, black, brown, spotted black or brown on a white coat colour. The
breed is considered to be trypanotolerant (resistant to trypanosomiasis; Adu and Ngere, 1979).

Preservation of cauda epididymal spermatozoa is an important technique to conserve biodiversity. Because the number of en-
dangered species is increasing, it is therefore, important to develop an effective protocol for semen from the WAD rams to be
harvested after death and preserved with acceptable quality. It, however, is very important to determine the maximum number of
hours for which the testicles can be stored at 5 °C while maintaining acceptable quality, because at times the death of an animal is
unpredictable and the processing laboratory might not be close to the location of the animal body. Semen recovered from cauda
epididymides can be used in the conservation of animal genetic material and for conducting reproductive biotechnology techniques
(Abu et al., 2016). Any plan of action for ex situ conservation of animal genetic material of valuable and or endangered male animals,
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however, requires protocols for the recovery of viable spermatozoa from the cauda epididymides of slaughtered/dead animals. This
becomes necessary when mating or the use of ejaculated semen is not possible due to difficulty of handling intractable animals or
sudden death of animals with great genetic value (Foote, 2002; Kaabi et al., 2003; Edeneil et al., 2015).

Genetic improvement of farm animals may rely on the use of limited number of males either for natural mating or in artificial
insemination programmes Lone et al. (2011); Ibrahim et al. (2012); Abu et al. (2016) however, have reported that quality of epi-
didymal spermatozoa varied as a result of ambient temperatures and climactic conditions. Furthermore, the method used to recover
cauda epididymal spermatozoa reserves post-mortem does not affect the quality of spermatozoa (Abu et al., 2016; Ringleb et al.,
2011). Acceptable progressive motility and viability of spermatozoa recovered post-mortem from cauda epididymides that was
maintained at 5 °C for 48 h was reported for boars (Kikuchi et al., 1998), bulls (Martins et al., 2009), and stallions (Muradás et al.,
2006). In Nigeria, there has been very little research regarding spermatozoa management after an animal has died (Red Sokoto goat
bucks (Abu et al., 2016); Nigerian breed of dogs (Chima et al., 2017).

The objectives of the present study, therefore, were (i) to develop a protocol for preserving cauda epididymal spermatozoa of
WAD rams that could be applied in preserving and storing the spermatozoa of endangered species/genetically valuable animals and
(ii) to study the morphometric characteristics of epididymides of WAD rams stored for different durations of time at 5 °C.

2. Materials and methods

2.1. Study location

The study was conducted in the dry season between February and April in the Makurdi Metropolis of the Benue State of Nigeria,
the semen was processed at the Department of Theriogenology laboratory, Federal University of Agriculture, Makurdi. Benue State
Nigeria. Makurdi is situated in the southern guinea savannah and located at Latitude 7° 14′ North and Longitude 8° 21′ East, the area
has a warm temperatures ranging from 24 to 40 °C. The relatively greater temperatures occur between March and May. The average
rainfall is between 508 and 1016mm annually. Two annual seasons are experienced which are: the rainy season (May-October) and
the dry season (November-April; Timi and Tor, 2006).

2.2. Sample collection

Fresh testes-epididymides contained in scrotal sacs were collected from mature WAD rams immediately after slaughter at a
Metropolitan Abattoir (Wurukum) in Makurdi, Benue state, Nigeria. Samples were individually packaged in polythene bags and
transported in an ice chest at (4.5–6 °C) to the laboratory for further processing. On arrival the samples were divided into six per
treatment time (n=6) the 0 h (control were processed at room temperature immediately on arrival to the laboratory) and the
remaining samples were stored at 5 °C in refrigerator to be processed at 6, 12, 24, and 48 h post-slaughter, respectively.

2.3. Experimental procedure

The epididymides along with testes were thawed at room temperature (35 ± 2 °C) for 15min and then immersed into a water
bath at 37 °C for 5min until the outer surface of the testes as well as epididymides were in the thawed state. Testicles were dissected
from the tunica vaginalis and other extraneous tissues during the period when tissues were thawing. A scalpel blade was used to make
an incision from the dorsomedial aspect of the testis. The skin of the scrotum was reflected laterally, and the subcutaneous tissue and
scrotal fascia were incised to expose the tunica vaginalis. The tunica albuginea was carefully removed from the testis. The epididymis
was then carefully separated from the testes using the scalpel blade and thumb forceps. The testes and epididymides were excised,
separated and weighed on a sensitive balance scale. Spermatozoa were collected from the cauda epididymides at room temperature
by the incision method (Abu et al., 2016). Several longitudinal incisions were made at the terminal end of the cauda epididymides to
enable spermatozoa swim out into pre-warmed (37 °C) 3ml, 2.9% sodium citrate buffer in a petri dish. There was 1ml of the solution
used to rinse the cauda epididymis.

2.4. Epididymal morphometry

Epididymal lengths were evaluated using a piece of thread and the lengths were obtained using a ruler with the procedures being
utilized that have been previously reported (Osinowo et al., 1981). All weighing of samples was conducted using a sensitive balance
in the laboratory.

2.5. Determination of spermatozoa progressive motility

Spermatozoa total progressive motility of different storage groups including control (0 h group) were evaluated by placing a drop
(10 μl) of semen sample on a pre-warmed, grease-free slide. A cover slip was placed over the drop and there was examination of the
sample using the high-power objective (×40 magnification) of a microscope, and the percentage of progressive motility was de-
termined using the method recommended by Zemjanis (1970).
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2.6. Determination of semen concentration

Sperm concentration of each sample was determined using the improved Neubauer haemocytometer after dilution in 0.05%
formol-saline (Rekwot et al., 1987; Eljarah et al., 2013). A 1:20 dilution of the sperm sample in 0.05% formol saline was used for this
determination. A specific amount (10 μl) of each of the semen sample was placed on both sides of the haemocytometer. The number
of sperm cells in five of the large central squares (made up of 16 smaller squares) were counted on both chambers and the average
was calculated. Sperm concentration of the sample was obtained using the formula; number of spermatozoa×multiplication factor
(50,000)× dilution factor (20) (Rekwot et al., 1987). The results were expressed as concentration/ml.

2.7. Determination of spermatozoa viability

Viability of sperm cells was determined by placing a drop (10 μl) of semen sample on a clean, grease-free slide and mixed with a
single drop of eosin-nigrosin stain. The spermatozoa were allowed to interact with the stain for at least 2 min and then a smear was
prepared. The prepared smear was air-dried and examined using an oil immersion objective (×100 magnifications). Spermatozoa
that stained either partially or completely were considered to be dead, and spermatozoa that appeared colourless were considered to
be viable. Spermatozoa (n=200) were randomly examined in different fields and the percentage of live sperm cells was determined.
The mean results were expressed as percentage viable spermatozoa (Blom, 1973).

2.8. Determination of acrosome integrity

Acrosome status was determined by adding (10 μl) a drop of the sample on a clean slide and making a smear. The smear was air-
dried and kept in Hancock’s fixative for 15–20min in a coupling jar. The slides were washed using slow running tap water for another
15–20min and were subsequently rinsed with distilled water. The slides were stored in a coupling jar containing Giemsa working
solution overnight. The next day, the stained slides were rinsed using slow-running tap water, air-dried, and observed using an oil
immersion objective (×100 magnification). Spermatozoa (n=200) were randomly examined in different fields and the percentage
of spermatozoa with an intact acrosome was determined. The mean results were expressed as percentage intact acrosomes (Watson,
1975).

2.9. Determination of spermatozoa morphological abnormality

Spermatozoa morphological abnormality was determined by viewing the Gyms stained slides. Spermatozoa (n=200) were ex-
amined in different fields and the percentage of spermatozoa with abnormal morphology was determined. The mean results were
expressed as percentage of spermatozoa with abnormal morphology (Watson, 1975).

2.10. Statistical analysis

The percentages of the raw data were converted to arcsin values. The Gaussian assumption for all the data was assessed utilising a
normality test (Kolmogorov-Smirnov) before subjecting the data to a one-way ANOVA. For progressive motility the probability was
greater than 0.05 for all groups except at 12 h of storage, therefore, these data had a normal distribution and an ANOVA was directly
applied. Normality results for intact acrosomes were less than 0.05 meaning that the data were not normally distributed and,
therefore, the data were converted before subjecting data to a one-way ANOVA. Probability values for normality results related to
spermatozoa viability were all less than 0.05 meaning that these data were not normally distributed and, therefore, data were
converted before these data were analysed using a one-way ANOVA. Probability values for the normality test for spermatozoa
morphology abnormalities were greater than 0.05 for all groups and, therefore, these data were normally distributed and a one-way
ANOVA was utilised for data analyses. Also raw data were subjected to the leven test using R Core Team, 2018. R: A language and
environment for statistical computing (R Foundation for statistical computing Vienna, Austria). The probability values for results for
sperm progressive motility, intact acrosome, viability, concentration and abnormal morphology all were associated with a P-
value > 0.05 indicating that variances were homogenous before subjecting these data to a one-way ANOVA.

Data were expressed as mean ± standard error of the mean using the Graph Pad Prism version 4.0 for windows. The differences
between means were analysed using the Tukey’s multiple comparisons test. The level of significance was set at 5%.

3. Results

3.1. Epididymal biometry

The mean values for epididymal lengths, and weights for each storage duration (0, 6, 12, 24, and 48 h) for both testes are
presented in Table 1. There were no differences (P > 0.05) in weight and length of the right and left epididymis when there was 0, 6,
12, 24 and 48 h of storage, respectively.
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3.2. Epididymal spermatozoa evaluations after recovery

3.2.1. Spermatozoa motility
Mean percentage spermatozoa motility of each storage time is presented in Table 2. Semen motility decreased (P < 0.05) as

duration of storage from 12, 24 and 48 h increased. There were no differences (P > 0.05) in spermatozoa motility between 0 and 6 h,
and also between 24 and 48 h of storage.

3.2.2. Spermatozoa concentration
There were no differences (P > 0.05) in the mean spermatozoa concentration between the 0 h and 6 h of storage. There, how-

ever, were differences (P < 0.05) between the 0 h and 12 h, between 24 and 48 h. There were no significant differences (P > 0.05)
between 12 and 24 h of storage time, but there were differences (P < 0.05) between 12 and 48 h of storage. There were also no
significant difference (P > 0.05) between 24 and 48 h storage time for spermatozoa concentrations (Table 2).

3.2.3. Spermatozoa viability
There were no differences (P > 0.05) in the mean percentage spermatozoa viability between 0 and 6 h, 6 and 12 h and 24 and

48 h of storage. At 48 h of storage, spermatozoa viability was less (P < 0.05) when compared with that at the 0 h (Table 2).

3.2.4. Acrosome integrity
There were no differences (P > 0.05) in the mean percentage acrosome integrity between 0 and 6 h nor between 6 and 12 h, but

there was a difference (P < 0.05) between 24 and 48 h for acrosome integrity (Table 2).

3.2.5. Spermatozoa abnormalities
There was an increase in spermatozoa abnormalities as duration of storage increased (Table 2). The mean percentage of sper-

matozoa abnormalities at the 48 h storage time was greater (P < 0.05) than the 0 h time. There, however, were no differences
(P > 0.05) between 0 and 6 h, 12 and 24 h and 24 and 48 h of storage.

4. Discussion

There was an investigation of the effect of storage time on epididymal biometry variables and quality of spermatozoa reserves in
the cauda epididymis when abattoir-derived samples were processed immediately (0 h) or stored at 5 °C for 6, 12, 24, and 48 h,
respectively. The decrease in spermatozoa motility, concentration, viability, and intact acrosomes recovered post-slaughter and
stored for 6, 12, 24 and 48 h at 5 °C observed in this study have been attributed to accumulation of toxic products of metabolism
primarily oxygen reserves. As a result, there is lipid peroxidation of the spermatozoa membrane as has been reported by Kishikawa
et al. (1999) in mice, Kikuchi et al. (1998) in boars, Foote (2002) in bulls, Weiss et al. (2008) in stallions and Tajik and Hassan-
NejadLamsoo (2008) in camels. Furthermore, there have been similar findings in studies of Nigerian breeds of dogs (Chima et al.,

Table 1
Mean (± SEM) epididymal biometry of WAD rams recovered post slaughter, processed immediately without storage (0 h) and after storage at 5 ºC
for 6, 12, 24, and 48 h.

Variables Storage Time (hours)

0 6 12 24 48
S

Right epididymal weight (g) 9.20 ± 0.65 10.65 ± 0.58a 9.46 ± 0.79 10.93 ± 1.13 6.25 ± 0.88
Left epididymal weight (g) 8.96 ± 0.56 10.71 ± 0.50 9.93 ± 0.94 11.75 ± 2.24 6.08 ± 0.80
Right epididymal length (cm) 13.81 ± 0.59 13.18 ± 0.32 13.53 ± 0.71 13.26 ± 0.51 12.08 ± 0.78
Left epididymal length (cm) 13.98 ± 0.90 13.91 ± 0.30 14.08 ± 0.80 13.43 ± 0.45 12.50 ± 0.64

Means without superscripts in the same column of paired organs are not different (P < 0.05); SEM = Standard Error of Mean.

Table 2
Mean (± SEM) epididymal semen variables of WAD rams recovered post-slaughter, processed immediately after recovery without storage (0 h) and
after storage at 5 °C for 6, 12, 24 and 48 h.

Variables Storage Time (hour)

0 6 12 24 48
Motility (%) 87.5 ± 2.1a 85.0 ± 1.8a 73.3 ± 3.6b 53.3 ± 2.5c 50.0 ± 2.9c

Conc.(million) 157.5 ± 8.2a 152.3 ± 5.8ab 125.3 ± 4.4c 106.2 ± 2.9d 98.5 ± 3.5d

Viability (%) 84.0 ± 1.4a 82.8 ± 2.2a 77.3 ± 1.7b 69.8 ± 1.5bc 66.8 ± 2.0c

Intact acrosome (%) 90.7 ± 1.0a 89.3 ± 2.0a 85.5 ± 1.6a 79.0 ± 2.4c 73.3 ± 2.1d

Abnormal Morphology (%) 9.2 ± 1.9a 11.8 ± 1.2a 21.0 ± 1.5b 26.5 ± 1.2bc 31.8 ± 2.0c

Means with different alphabet superscripts in the same rows are different (P < 0.05); SEM = Standard Error of Mean.
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2017) and the Red Sokoto goat buck (Abu et al., 2016). Variation in quality of cauda epididymal sperm cells recovered post-mortem
have been ascribed to handling conditions or species differences (Lubbe et al., 2000; Bertol et al., 2013; Abu et al., 2016).

Sperm concentration varies not only among animals but also among species of livestock (Bergeron & Manjunath, 2006). The
results of the present study indicate epididymal spermatozoa of WAD rams had a low percentage motility after 48 h of storage at 5 ºC
compared to the 0 h value. These findings are consistent with those of Abu et al. (2016) where it was reported there was a lesser
spermatozoa motility after 48 h of storage of Red Sokoto goat buck epididymides at 4 °C. Goodrowe and Hay (1993) reported similar
results for cat epididymides after overnight storage at 5 °C. Mir et al. (2012) reported there was a decreased motility after 48 h of
epididymides storage at 4 °C. Kilian et al. (2000), after 108 h of storage at 4 ºC, reported similar results for African buffalo epididymal
sperm motility. Strand et al. (2016) reported that there was lesser bull spermatozoa motility as compared with that at the time of
epididymides collection when bulls were between 37 and 51 weeks and for bulls between 52 and 115 weeks of age after 48 h of
epididymal storage at 5 °C. There were differences (P < 0.05) in the mean epididymal spermatozoa concentration between 0 h and
48 h of storage which was also reported by Abu et al. (2016) in a study with Red Sokoto goat bucks, Mir et al. (2012) in Indian
indigenous rams, Chima et al. (2017) in a Nigerian breed of dogs, and Hori et al. (2004) in Beagle dogs. The possible reasons for the
decrease in spermatozoa concentration as duration of storage increased is that in live animals, the cauda epididymides provides an
optimal environment for the immature spermatozoa to mature and acquire motility. Furthermore, results of studies indicate that
spermatozoa from cauda epididymides become motile only when spermatozoa come in contact with seminal fluid or media (Amann
and Almquist, 1962; Lima et al., 2013), however, these processes do not occur with collection of spermatozoa post-mortem. There are
also reports that the handling conditions of testicles recovered post-mortem affect the concentration of spermatozoa (Foote, 2002).
The enhanced spermatozoa metabolic rate and degeneration of sperm cells post-mortem can lead to a reduction in sperm con-
centration. There was a decrease in sperm viability as storage time increased in the present study. This finding is consistent with those
from a previous study in dogs of a Nigerian breed (Chima et al., 2017) and Red Sokoto goat bucks (Abu et al., 2016).

The success of assisted reproductive techniques such as artificial insemination (AI) and in vitro fertilization (IVF) depends on the
use of a sufficient number of motile spermatozoa with an acrosome intact that have the potential of contributing in the fertilization
process with the oocyte (Reckova et al., 2015). In the present study, there was a lesser (P > 0.05) mean percentage of spermatozoa
with an intact acrosome as duration of storage increased. These findings are consistent with previous results of a study with Red
Sokoto goats (Abu et al., 2016) and Indian indigenous rams (Mir et al., 2012). The mean percentage spermatozoa morphological
abnormalities increased as duration of storage increased in the current study. These results are consistent with the findings of Hori
et al. (2004) in Beagle dogs, and by Hoseinzadeh-Sani et al. (2013) in Iranian goats where it was reported there was an increase after
0 h and at 48 h of storage time in spermatozoa tail abnormalities. This could be attributed to the effects of changes in osmotic pressure
of the epididymal fluid due to storage at lesser temperatures than occurs in vivo (5 ºC).

Ultra structural damage during refrigerated storage is accompanied with biochemical changes, some of which are major losses
from spermatozoa including glutamic oxaloacetic transaminase (GOT), lipoproteins and amino acids. Furthermore, with ultra-
structural damage to spermatozoa, there is a decrease in phosphatase activity, a decrease in loosely bound cholesterol protein, an
increase in sodium and decrease in potassium content, an inactivation of hyluronidase and acrosin enzymes, a loss of prostaglandins,
a reduction of ATP and ADP systems, and a decrease in acrosomal proteolytic activity (Salaman and Maxwell, 1995). Denaturization
of DNA can also occur, as modifications in the spermatozoa chromatin structure of bulls, boars, cats, humans and rams has been
observed (Gillan and Maxwell, 1999). These ultrastructural and biochemical cryogenic changes to spermatozoa could be responsible
for a decrease in the functional integrity in vivo and fertilization capacity. Although the motility, viability and acrosome integrity of
the spermatozoa are within the acceptable limits after 48 h of storage at 5 °C this does not mean that these spermatozoa will have the
capacity for fertilisation if utilized for AI. This is because cold storage in ram sperm will induce apoptotic and capacitating-like
changes, along with DNA damage that will reduce spermatozoa fertilising capacity.

Results of the present study indicate it is possible to recover the testes-epididymides fromWAD rams that have been incapacitated,
making them incapable of naturally mating, or with any form of retractable illness or unexpected death. If the spermatozoa cannot be
processed immediately, temporary storage or transport of the testicle at 5 °C for as long as 48 h will preserve the cauda epididymal
sperm cells so that spermatozoa can subsequently be recovered for use in AI with assisted reproductive technologies. This process will
allow for continuation of the propagation of rams with high genetic value. This finding could also be extended to other animal
species.

Conflict of interest

The three authors have all contributed in the samples collection, processing and writing of this manuscript. The research was
funded by the authors with the assistance from the University. The authors has agreed that the manuscript should be send to the
Journal of Animal Reproduction Science. Therefore, there is no conflict of interest between the authors and also the institution.

Acknowledgment

Our profound gratitude goes to Vice Chancellor of the Federal University of Agriculture Makurdi, Benue State, Nigeria (Prof. E.
Kucha) for permission and support to carry out this research work to a successful completion. My appreciation goes to the Director
and staff of Veterinary Teaching Hospital for their contributions that ensured success of this work. I also thank the Dean of the College
of Veterinary Medicine and the Head of Department of Veterinary Surgery and Theriogenology. My utmost appreciation to Dr A. A.
Adikwu who made the data analysis possible, Dr U. Chima who provided some of the materials used for this work.

N. Wachida, et al. Animal Reproduction Science 205 (2019) 144–149

148



References

Abu, A.H., Kisani, A.I., Ahemen, T., 2016. Evaluation of sperm recovered from caudaepididymides of red sokoto bucks. Vet. World 9 (12), 1440–1444.
Adu, I.F., Ngere, L.O., 1979. The indigenous sheep of Nigeria. World Rev. Anim. Prod. 15, 51–62.
Afolayan, R.A., Abubakar, N.I.D., Osinowo, O.A., 2001. Inheritance of growth and lactation parameter in yankasa sheep production. Malan-Aduli, A.E.O., Adeyinka,

I.A. (Eds.), Proceedings of the 26th Annual Conference: Strategies for Poverty Alleviation-Animal Production Option 9–13.
Amann, R.P., Almquist, J.O., 1962. Reproductive capacity of dairy bulls VIII direct and indirect measurement of testicular sperm production. J. Dairy Sci. 47, 774–781.
Bertol, M.A.F., Weiss, R.R., Thomaz-Soccol, V., Kozicki, L.E., Fujita, A.S., Azevedo de Abreu, R., Green, K.T., 2013. Viability of bull spermatozoa collected from the

epididymis stored at 18-20°C. Braz. Arch. Biol. Technol. 56 (5), 777–783.
Blom, E., 1973. The ultrastructure of some characteristic sperm defect and a proposal for a new classification of bull spermiogram. Nord. Vet. Med. 25 (7-8), 383–391.
Chima, U.M., Abu, A.H., Dawuda, P.M., Kisani, A.I., Ahemen, T., 2017. Effect of storage time on cauda epididymal sperm parameters of Nigerian local dogs. Open J.

Vet. Med 7, 151–161.
Edeneil, J.P., Valete, E.R.S., Maylem, M.B., Ocampo, E.A., Lerma, C.O., 2015. Post mortem viability of epididymal sperm from philippine native water buffalo

(bubalusbubalis). J. Agric. Technol. 11 (8), 2283–2294.
Eljarah, A., Chandler, J., Jenkins, J.A., Chenevert, J., Alcanal, A., 2013. Usefulness of haemocytometer as a counting chamber in a computer-assisted sperm analyzer

(CASA. Anim. Reprod. 10 (4), 708–711 State of the World’s Animal Genetics Resources for Food and Agriculture.Pp.512.
Foote, R.H., 2002. Fertilizing ability of epididymal sperm from dead animals. J. Androl. 23 (6), 839–844.
Gillan, L., Maxwell, W.M.C., 1999. The functional integrity and fate of cryopreserved ram spermatozoa in female tract. J. Reprod. Fertil. Suppl. 5, 271–283.
Goodrowe, K.L., Hay, M., 1993. Characteristics and zona binding ability of fresh and cooled domestic cat spermatozoa. Theriogenology 40, 967–975.
Hori, T., Ichikawa, M., Kawakami, E., Tsutsui, T., 2004. Artificial insemination of frozen epididymal sperm in beagle dogs. J. Vet. Med. Sci 66 (1), 37–41.
Hoseinzadeh-Sani, S.K.A., Barati, F., Mahabady, M.K.M., 2013. The effects of ex vivo cold-storage on cryopreservation of the goat (caprushircus) epididymal sperm.

Iran. J. Reprod. Med. 11 (9), 747–752.
Ibrahim, A.A., Aliyu, J., Ashiru, M., 2012. Biometric study of the reproductive organ of three breeds of sheep. Int. J. Mopholo. 30 (4), 1597–1603.
Kaabi, M., Paz, P., Alvarez, M., Ariel, E., Boixo, J.C., Rouissi, H., Herraez, P., Ariel, L., 2003. Effects of epididymis handling conditions on the quality of ram

spermatozoa recovered postmortem. Theriogenology 60 (7), 1249–1259.
Kikuchi, K., Nagai, J., Kashiwazaki, N., Ikeda, H., Noguchi, J.O., Shimada, A., 1998. Cryopreservation and ensuing in vitro fertilization ability of boar spermatozoa

from epididymides stored at 5°C. Theriogenology 50, 615–623.
Kilian, I., Lubbe, K., Bartels, P., Friedmann, Y., Denniston, R.S., 2000. Evaluating epididymal sperm of African wild ruminants: longevity when stored at 4 °C and

viability following cryopreservation. Theriogenology 53 (1), 336 (Abstract).
Kishikawa, H., Kawa, H., Tateno, H., Yanagimachi, R., 1999. Fertility of mouse spermatozoa retrieved from cadavers and maintained at 4 ºC. J. Reprod. Fertil. 116,

217–222.
Lima, I.C.S., Andrade, I.R.A., Aquiar, G.V., Silva, M.M., Catunda, A.G.V., Martins, G.A., Gadelha, C.R.F., Compos, A.C., 2013. In vitro evaluation of goat cauda

epididymal sperm, cooled in different extenders at 40C arch. Zootec. 62 (239), 429–437.
Lone, F.A., Islam, R., Khan, M.Z., Soli, K.A., 2011. Effect of transportation temperature on the quality of caudal epididymal spermatozoa of ram. Anim. Reprod. Sci. 123

54-33859.
Lubbe, K., Bartels, P., Kilian, I., Friedmann, Y., Godke, R.A., 2000. Comparing motility and morphology of horse, zebra and rhinoceros epididymal spermatozoa when

cryopreserved with two different cryodiluents or stored at 4°C. Theriogenology 53, 338.
Martins, C.F., Driessen, K., Costa, P.M., Carvalho- Neto, J.O., De Sousa, R.V., Rumpf, R., Dodec, M.N., 2009. Recovery, cryopreservation and fertilization potential of

bovine spermatozoa obtained from epididymides stored at 5°C by different periods of time. Anim. Reprod. Sci. 116 (1-2), 50–57.
Mir, S.S., Lone, F.A., Khan, M.Z., Malik, A.A., Islam, R., Sofi, K.A., 2012. Effect of cold storage period on the quality of ram cauda epididymal spermatozoa recovered

postmortem. Turk. J. Vet. Anim. Sci. 36 (6), 683–687.
Muradás, P.R., Weiss, R.R., Kozicki, L.E., Granemann, L.C., Santos, I.W., Pimpão, C.T., 2006. Some viability parameters from equine spermatozoa harvested by

artificial vagina and by epididymal tail washing. Arch. Vet. Sci. 11 (3), 69–74.
Osinowo, E.O., Molokwu, E.C., Osori, D.C., 1981. Growth and testicular development bunaji bulls. J. Anim. Res. 1 (1), 55–67.
Reckova, Z., Machatkova, M., Machal, L., Jeseta, M., 2015. Relationship between acrosome integrity changes and in vitro fertilising ability of bovine spermatozoa. Vet.

Med. 60 (9), 469–475.
Rekwot, P.I., Lamidi, O.S., Adamu, A.M., Egbuedo, C.U., Ruwaan, J.S., Okereke, S.N., 1987. Reproductive performance of bunaji bulls grazing natural pasture and

receiving supplement containing palm karnel meal. Nig. Vet. J. 18, 26–36.
Ringleb, J., Waurich, R., Wibbelt, G., Streich, W.J., Jowgenow, K., 2011. Prolonged storage of epididymal spermatozoa does not affect their capacity to fertilize in vitro

domestic cat oocytes. Reprod. Fertil. Dev. 23 (6), 818–825.
Salaman, S., Maxwell, W.M.C., 1995. Frozen storage of ram semen. I. Processing, freezing, thawing and fertility after cervical insemination and methods of im-

provement. Anim. Reprod. Sci. 37, 185–249.
Strand, J., Ragborg, M.M., Pederson, H.S., Kristensen, T.N., Pertoldi, C., Callesen, H., 2016. Effects of post-mortem storage conditions of bovine epididymides on sperm

characteristics: investigating a tool for preservation of sperm from endangered species. Conservation Physiology 4 (1), cow069. https://doi.org/10.1093/conphys/
cow069.

Tajik, P., Hassan-NejadLamsoo, M.R., 2008. Assessment of epididymal sperm obtained from dromedary camel. Iran. J. Vet. Res. 9, 46–50.
Timi, E.O., Tor, T., 2006. The changing rainfall pattern and its implication for flood frequency in Makurdi northren Nigeria. J. App. Sci. Env. Managt. 10 (3), 97–102.
Watson, P.E., 1975. Use of a giemsa stain to detect changes in acrosome of frozen ram spermatozoa. Vet. Rec. 97, 12–15.
Weiss, R.R., Muradás, P.R., Graneman, L.C., Meira, C., 2008. Freezing sperm from cauda epididymis of castrated stallions. Anim. Reprod. Sci. 107 (3-4), 302–360.
Zemjanis, R., 1970. Diagnostic and Therapeutic Techniques in Animal Reproduction, 2nd ed. Williams & Wilkins Co., Baltimore.

N. Wachida, et al. Animal Reproduction Science 205 (2019) 144–149

149

http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0005
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0010
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0015
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0015
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0020
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0025
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0025
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0030
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0035
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0035
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0040
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0040
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0045
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0045
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0050
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0055
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0060
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0065
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0070
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0070
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0075
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0080
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0080
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0085
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0085
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0090
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0090
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0095
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0095
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0100
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0100
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0105
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0105
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0110
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0110
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0115
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0115
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0120
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0120
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0125
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0125
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0130
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0135
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0135
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0140
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0140
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0145
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0145
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0150
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0150
https://doi.org/10.1093/conphys/cow069
https://doi.org/10.1093/conphys/cow069
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0160
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0165
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0170
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0175
http://refhub.elsevier.com/S0378-4320(18)30932-1/sbref0180

	Effect of storage time on the quality of cauda epididymal spermatozoa of West African dwarf (WAD) rams
	Introduction
	Materials and methods
	Study location
	Sample collection
	Experimental procedure
	Epididymal morphometry
	Determination of spermatozoa progressive motility
	Determination of semen concentration
	Determination of spermatozoa viability
	Determination of acrosome integrity
	Determination of spermatozoa morphological abnormality
	Statistical analysis

	Results
	Epididymal biometry
	Epididymal spermatozoa evaluations after recovery
	Spermatozoa motility
	Spermatozoa concentration
	Spermatozoa viability
	Acrosome integrity
	Spermatozoa abnormalities


	Discussion
	Conflict of interest
	Acknowledgment
	References




