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Abstract
Aim: Storage of testes-epididymides at refrigeration temperature is a promising method of short-term sperm preservation for use in reproductive biotechnology in dogs. This study aimed to determine the effect of storage time at
4˚C on the quality of Nigerian local dogs’ cauda epididymal spermatozoa recovered post-castration. Materials and Methods: Testes along with their epididymides collected immediately after castration of local dogs were either
processed immediately (0th hour) or stored at 4˚C in the refrigerator for 12th,
24th or 48th hours and then processed. Each storage group comprised 5 pairs
of testes-epididymides. Sperm motility, concentration, livability, acrosome
integrity and morphology from the various storage groups were evaluated and
means with standard error of the mean (±SEM) were recorded. Results: Mean
percent sperm motility at 0th hour (77.0 ± 2.6) decreased significantly (p <
0.05) after 12 hours (68.0 ± 1.2), 24 hours (66.0 ± 2.4) and 48 hours (60.0 ±
1.6) of storage at 4˚C. No significant difference (p > 0.05) was found when the
mean sperm concentrations (×107/ml) of the storage groups (5.86 ± 47, 5.24 ±
26 and 5.38 ± 31) were compared with the control (6.48 ± 0.75). Mean percent
sperm livability did not differ significantly (p > 0.05) between the 0th, 12th,
24th and 48th hour groups (86.4 ± 1.5, 78.0 ± 3.1 and 75.0 ± 1.8 respectively).
However, there was a significant decrease (p < 0.05) in mean percent sperm
livability after 48 hours of storage (69.8 ± 4.2) as compared with the 0th hour
group. No significant difference (p > 0.05) was detected in the mean percent
acrosome integrity between the 0th, 12th, 24th and 48th hour groups (90.0 ±
1.5, 83.0 ± 3.5, 84.6 ± 4.6 and 82.2 ± 3.9 respectively). A significant increase (p
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< 0.05) in percent sperm morphological defect was detected after 48 hours of
storage (37.6 ± 2.7) as compared to the 0th hour group (27.4 ± 2.0). Conclusion: The current study has shown that viable spermatozoa can be recovered
after 48 hours of storage at 4˚C of the cauda epididymides of Nigerian local
dogs.
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1. Introduction
Reproduction in dogs can be achieved naturally through mating or artificially
through assisted reproductive technologies such as artificial insemination (AI),

in vitro fertilization (IVF), and intracytoplasmic sperm injection (ICSI). Effective preservation of semen is essential to the success of these reproductive technologies [1]. Chilling and freezing of semen are two ways by which semen could
be preserved for use in assisted reproductive technologies. Interest in the use of
cauda epididymal spermatozoa for assisted reproductive technologies has grown
recently [2] [3] [4]. Cauda epididymal spermatozoa can be recovered either
during castration or post mortem. Pregnancies and live births have been reported in horse [3], sheep [5], rat [6] [7], cow [8] [9], goat [10], human [11] [12]
[13] and also in dogs [4] [14] when epididymal spermatozoa were used. Recovery of the epididymal spermatozoa helps to ensure that the genetic materials of a
highly priced or valuable animal are not lost.
Retrieval and short term storage of the epididymal sperm under refrigeration
temperature for transport to sperm banks for long term cryopreservation or to
areas where they could be used immediately for artificial insemination provides
an avenue to preserve the genetic materials of such an animal. The conditions
(temperature, time, and environment) under which the epididymides are transported to the laboratory or sperm bank could affect the quality of the spermatozoa. To the best of our knowledge, little work has been done on the effects of
cold storage on the quality of cauda epididymal spermatozoa of Nigerian local
dogs.

2. Materials and Methods
Ethical approval: This study was conducted in conformity with the ethics
guidelines of the College of Veterinary Medicine, Federal University of Agriculture, Makurdi, Nigeria.

2.1. Study Location
The research was carried out at the Theriogenology laboratory of the Veterinary
Teaching Hospital Annex, Federal University of Agriculture, Makurdi. Makurdi
is located in the southern guinea savannah, and at Latitude 7˚14'North and LonDOI: 10.4236/ojvm.2017.711016
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gitude 8˚21'East. The area has a warm temperature range of 24˚C to 36˚C. High
temperatures are experienced between late February and April in this area. The
level of rainfall is between 508 and 1016 mm. Two weather seasons are experienced: the rainy season (May-October) and dry season (November-April)
[15].

2.2. Sample Collection and Experimental Design
The animals used in this study were 20 apparently healthy mature male dogs
aged 2 - 5 years with body weights ranging from 9.8 to 18 kg (mean: 13 ± 1.55).
The dogs were housed in the dog kennels (1.5 × 1.43 × 2.2 m) at the Veterinary
Teaching Hospital Annex of the Federal University of Agriculture Makurdi.
They were fed once daily with homemade food and drinking water was provided

ad libitum.
Testes along with their epididymides were surgically removed under general
anaesthesia. The inguinal region of each dog was shaved and aseptically prepared for surgery. The dogs were premedicated with atropine sulphate (Pauco
Pharmaceuticals, Nigeria) (0.04 mg/kg) and xylazine (Wuhan Wang Lianshang
Biotechnology, China) (2 mg/kg) intramuscularly. The animals were placed indorsal recumbence with the hind legs extended. They were then draped and
general anaesthesia was induced using thiopental sodium (Pan Pharma, S.A.
France) at 10 mg/kg intravenously. Each testis was advanced to the prescrotalposition and a midline incision about 3 - 4 cm in length was made on the skin
anterior to the scrotum or posterior to the bulbourethral gland of the penis. The
left and the right testicles were exteriorized through the incision by pressure
over the scrotum. The tunica vaginalis covering the testis was incised. The spermatic cord was clamped with two artery forceps, and two ligatures using chromic catgut size 0 (Agary, Nigeria) was applied above the upper forceps and the
second ligature below the lower forceps. The cord was then severed between the
two forceps and the lower forceps was then slowly released. Following complete
arrest of haemorrhage, deep and superficial subcutaneous layers and sub-dermal
skin were closed with size 0 chromic catgut in a simple interrupted fashion. The
skin was then sutured with interrupted suture pattern using size 3 nylon suture
material (Agary, Nigeria).
A combination of procaine penicillin G (Zhongnuo pharmaceuticals, China)
(200,000 IU/kg) and streptomycin (Shanxi pharmaceuticals, China) (20
mg/kg) was administered for 5 days post-castration and pentazocine (Emzor
pharmaceuticals, Nigeria), was administered at 3 mg/kg for post-operative analgesia.
Group I comprised 5 pairs of testicles with their epididymides that were
processed at room temperature immediately after excision (0th hour). Each of
groups II, III and IV comprised 5 pairs of testicles with their epididymides that
were processed after storage in the refrigerator at 4˚C for 12th, 24th and 48th
hours respectively.
DOI: 10.4236/ojvm.2017.711016
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2.3. Testicle Storage Procedure
The tunica vaginalis and blood vessel leading to the testes and vas deferens were
carefully trimmed off using scissors. The excised testes were covered with two
layers of sterile gauze and placed in a rectangular stainless steel surgical pan withan airtight stainless steel lid and lined with two layers of sterile gauze. Sterile
physiological saline (Juhel pharmaceuticals, Nigeria) was added to the gauze until they were completely wet to prevent the samples from drying out. The pan
was then placed in a standard refrigerator at 4˚C.

2.4. Experimental Procedure
The stored testes and epididymides were warmed to room temperature for 15
minutes. The testes and epididymides were then immersed in a water bath at
37˚C for 5 minutes until their outer surfaces were softened. The excised testes
and epididymides were separated using a scalpel blade (size 23, Life care medical, Nigeria). Sperm cells were recovered from the cauda epididymis at room
temperature (22˚C to 28˚C) by the incision method. Several incisions were made
on the lower end of the epididymis to enable sperm cells swim out into prewarmed (38˚C) three milliliters of 2.9% sodium citrate buffer in a Petri dish (95
mm). The cauda epididymis was then severed into the Petri dish containing
2.9% sodium citrate buffer solution and placed in a water bath at 37˚C for 30
minutes.
2.4.1. Determination of Spermatozoan Progressive Motility
Spermatozoan progressive motility of different storage groups including control
(0th-hour group) were evaluated by placing a drop (10 μL) of sperm sample on a
grease-free slide. A cover slip was put over the drop and examined under the
high-power objective (40× magnification) of a microscope (Olympus®), and the
percentage of progressive motility was determined [16].
2.4.2. Determination of Sperm Concentration
Epididymal sperm concentration of each sample was determined using the improved Neubauer haemocytometer after appropriate dilution in 0.05% formol-saline [15].
2.4.3. Determination of Spermatozoan Livability
Livability of sperm cells was determined by placing a drop (10 μL) of sperm
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 under oil immersion objective (100× magnification). Spermatozoa
that stained either partially or completely were considered as dead, and spermatozoa that appeared colourless were considered as alive. Two hundred spermatozoa were randomly examined across different fields and the percentage of
live sperm cells was determined. The mean results were expressed as percent
[17].
DOI: 10.4236/ojvm.2017.711016
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2.4.4. Determination of Acrosome Integrity
Acrosome status was determined by briefly adding a small (10 μL) 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 - 20 min in a coupling jar. After the prescribed time
interval, the slides were washed under slow running tap water for another 15 20 minutes and finally rinsed with distilled water. The slides were kept in a
coupling jar containing Giemsa working solution overnight. The next day, the
stained slides were rinsed with slow running tap water, air-dried, and observed
under oil immersion objective (100× magnification). Two hundred spermatozoa
were randomly examined across different fields and the percentage of spermatozoa with intact acrosomes was determined. The mean results were expressed as
percent intact acrosomes [18].
2.4.5. Determination of Sperm Morphological Abnormality
Sperm morphological abnormality was determined by viewing the Giemsa
stained slides. Two hundred spermatozoa were examined across different fields
and the percentage of spermatozoa with morphological abnormalities was determined. The mean results were expressed as percent morphological abnormality.

2.5. Statistical Analysis
Data collated were analyzed by One-way analysis of variance (ANOVA) and expressed as mean ± standard error of the mean using GraphPad Prism version 7.0
for windows. The differences between means were analyzed by Tukey’s multiple
comparisons test. The level of significance was set at 5%.

3. Results
Mean percent sperm motility of each storage time group is presented in Table 1.
Sperm motility decreased significantly (p < 0.05) after 12th, 24th and 48th hours
compared to the 0th hour group. There was no significant difference (p > 0.05)
between sperm motility of the 12th hour group and 24th hour group. However,
there was a significant difference (p < 0.05) between the 12th hour group and the
48th hour group. Furthermore, no significant difference (p > 0.05) was found
between the 24th hour group and 48th hour group. No significant difference
(p > 0.05) was detected in the mean sperm concentration between the 0th, 12th,
24th and 48th hour groups.
No significant difference was detected in the mean percent sperm livability
between the 0th, 12th, and 24th hour groups (p > 0.05). However, the sperm livability of the 48th hour group was significantly lower (p < 0.05) than that of the
0th hour group. Furthermore, no significant difference (p > 0.05) was detected
between the sperm livability of the 12th, 24th and 48th hour groups. No significant difference (p > 0.05) was detected in the mean percent acrosome integrity
between 0th, 12th, 24th and 48th hour groups (Table 1).
There was an increase in sperm abnormality relative to storage time (Table 1).
The mean percent sperm abnormality in the 48th hour storage group was
DOI: 10.4236/ojvm.2017.711016
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Table 1. Mean (±SEM) Cauda epididymal sperm parameters of Nigerian local dogs recovered post-castration, processed immediately after recovery without storage (0th hour)
and after storage at 4˚C for 12, 24 and 48 hours.
Parameter

0th hour

12th hour

24th hour

48th hour

Sperm
motility (%)

77.00 ± 2.55

68.00 ± 1.23b

66.00 ± 2.45bc

60.00 ± 1.58c

Sperm concentration
(×107/ml)

6.48 ± 0.75

5.86 ± 47

5.24 ± 26

5.38 ± 31

Sperm
livability (%)

86.40 ± 1.50a

78.00 ± 3.11ab

75.00 ± 1.82ab

69.80 ± 4.21b

Acrosome integrity (%)

90.00 ± 1.52

83.00 ± 3.52

84.60 ± 4.63

82.20 ± 3.85

Morphologically
abnormal sperm (%)

27.40 ± 1.99a

32.80 ± 2.22ab

36.40 ± 2.46ab

37.60 ± 2.66b

Means with different alphabet superscripts in the same row are significantly different (P < 0.05). SEM =
Standard Error of the Mean.

significantly higher (p < 0.05) than the mean percent sperm abnormality in the
0th hour group. No significant difference (p > 0.05) was detected when mean
percent sperm abnormality in the 0th, 12th and 24th hour storage groups were
compared.

4. Discussion
The method of recovery and cold storage of cauda epididymal spermatozoa at
4˚C has been reported to be an effective way to preserve spermatozoa for use in
the short term in Red Sokoto bucks [15], ram [19], red deer [20] and Beagle dogs
[4]. Refrigeration slows down metabolic functions, hence allowing the spermatozoa to survive for longer periods than at room temperature [21]. However,
long term cold storage of spermatozoa may lead to a reduction in their motility
and damage to the integrity of their membranes and morphology [22]. Some researchers suggested that these changes might be attributed to the accumulation
of toxic products of metabolism, especially reactive oxygen species (ROS) [23].
Oxidative stress originating from the generation of reactive oxygen species
(ROS) causes structural damages to cellular components. Epididymal spermatozoa may be more susceptible to oxidative stress than ejaculated spermatozoa
since they are not exposed to seminal plasma which contains the complex secretions of the accessory sex glands which are regarded as the major source of antioxidant protection for spermatozoa [24].
Another possible cause of the decrease in epididymal sperm quality after 48
hours of storage at 4˚C is change in osmotic pressure of the epididymal fluid.
The osmotic pressure of epididymal fluid has been reported to be higher than
that of seminal plasma and fluid in the reproductive tract of females [25]. When
spermatozoa are exposed to the lower osmotic pressure of seminal plasma during ejaculation, they can reverse the low osmotic-pressure induced changes in
volume and adapt to the pressure [4]. It is conceivable that changes in osmotic
DOI: 10.4236/ojvm.2017.711016
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pressure of the epididymal fluid due to storage of the epididymides at 4˚C might
have contributed to the decrease in sperm quality and increased incidence of
abnormal sperm after 48 hours of storage. Variations in the quality of epididymal sperm cells that have been stored at 4˚C can be attributed to handling conditions or species differences [15] [26].
It was found that epididymal sperm ofthe local dogs were still motile after 48
hours of storage at 4˚C, although, motility decreased significantly (p < 0.05)
compared to the 0th hour storage group. Some researchers recorded motility of
61% after 48 hours of storage at 4˚C of epididymal spermatozoa of beagle dogs
[4]. This was cryopreserved and afterwards used for intrauterine inseminations
which resulted in a conception rate of 80% (4 out of 5 bitches). It was observed
that the motility of fresh semen decreased from 84% to 76% after 24 hours and
to 63% after 48 hours [27]. However, these researchers reported that pregnancy
rates obtained following artificial insemination with fresh dog semen was 94%
(17/18) while for dog semen that had been extended and chilled for 24 hours and
48 hours were 90% (9/10) and 100% (10/10) respectively. Although these results
were obtained with ejaculated semen rather than epididymal sperm, it offers
some hope that dog epididymal sperm that has been stored at 4˚C for 48 hours,
with a motility of over 60% could be fertile enough to be used in assisted reproductive technologies. There are reports on other species of animals in which epididymal sperm motility has been observed after some days of storage at 4˚C 5˚C. Some scientists reported an epididymal sperm motility of 50.60% ± 0.48%
after 48 hours of storage of epididymides of Red Sokoto bucks at 4˚C [15].
However, 57% motility was obtained for cat epididymal sperm after overnight
cold storage at 5˚C [28]. Similarly, other investigators were able to obtain 5.5%
epididymal spermatozoa motility even after 20 days of storage of mouse cadavers
at 4˚C [29]. A study has shown that 44.17 ± 1.53% of spermatozoa were motile
after 48 hours of storage of ram epididymal spermatozoa at 4˚C [19]. After 108
hours of storage at 4˚C of African buffalo epididymal sperm, a motility of approximately 10% was observed [30]. A study on epididymal sperm motility
showed 42.8% for bulls aged between 37 - 51 weeks and 55.9% for bulls aged
between 52 - 115 weeks old after 48 hours of storage of their epididymides at 5˚C
[31]. Camel epididymal sperm diluted with tris-fructose extender supplemented
with antioxidants were still motile (64%) after 48 hours of storage at 5˚C [24].
There was no significant difference (p > 0.05) in the mean epididymal sperm
concentration of different storage groups. This is in agreement with the findings
of [32] in Beagle dogs. Epididymal sperm concentration varied among the animals. The variations could be due to the use of dogs of different ages and sizes in
each group. Mean epididymal sperm concentration obtained in this study was
lower than the value reported by [32] in Beagle dogs (61.5 ± 10.0 × 107/ml). This
difference could be due to breed variations.
There was a gradual decline in livability as storage time increased in this
study. However, a mean epididymal sperm livability of 69.8% was obtained after
48 hours of storage at 4˚C. A researcher reported a similar trend in livability of
DOI: 10.4236/ojvm.2017.711016
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epididymal spermatozoa in a variety of breeds of dogs whose epididymal sperm
livability decreased significantly (p < 0.05) from 90.3% ± 1.2% at 0th hour to
80.8% ± 1.9% after 48 hours of storage at 4˚C [1]. However, [4] and [33] did not
detect any significant difference (p > 0.05) in the livability of canine epididymal
spermatozoa after 48 hours of storage at 4˚C. Furthermore, a study showed that
though there was no significant difference (p > 0.05) in sperm livability after 48
hours (day 2), the sperm livability decreased significantly after 96 hours of storage of cauda epididymal spermatozoa from a variety of pure and mixed breeds
of dogs at 5˚C [34]. Taken together, these researchers observed variations in the
value of livability of canine epididymal spermatozoa after 48 hours of refrigeration.
It is conceivable that even after 48 hours of storage of canine epididymal
spermatozoa at 4˚C, the spermatozoa could still be viable enough to be cryopreserved or used in assisted reproductive technologies. The findings in this study
were in accordance with the report of [15] on Red Sokoto bucks, whose epididymal sperm livability declined in a storage-time dependent manner. 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
acrosome intact sperm that has the potential of fertilizing the oocyte [35]. An
intact acrosome prevents the loss of acrosomal enzymes such as hyaluronidase
until they are released during acrosome reaction in the female reproductive tract
prior to fertilization [36]. In this study, it was observed that after 48 hours of
storage of the epididymides at 4˚C, there was no significant difference (p > 0.05)
in the mean percent acrosome integrity of the cauda epididymal spermatozoa
between different storage groups. This was in agreement with the findings of [4]
in beagle dogs and [34] in a mixture of pure and mixed breeds of dogs. Similar
findings were obtained in Red Sokoto goats after storage of their epididymides at
4˚C for 48 hours [15] and also in ram [19].
The percentage of sperm morphological abnormality increased with storage
time in our study. This was in agreement with the findings of [4] in Beagle dogs
and [37] in goats. This could be attributed to the effects of changes in osmotic
pressure of the epididymal fluid due to storage at low temperature (4˚C).
Accidents involving dogs getting hit by cars are quite common in our environment. Results of our study suggest that viable spermatozoa can be recovered
from cauda epididymides even if dogs are incapacitated. This study also suggests
that cauda epididymal sperm cells could be useful in assisted reproductive technologies in dogs and other animal species.

5. Conclusion
The current study has shown that viable spermatozoa can be recovered from the
epididymides of our local dogs after storage at 4˚C for 48 hours. The findings of
this study demonstrate a window of opportunity for recovery of spermatozoa of
genetically valuable local dogs that are physically incapacitated. However, further
DOI: 10.4236/ojvm.2017.711016
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studies are needed on the fertilizing capabilities of cold stored epididymal sperm
of local dogs to enhance their usability.
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