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ABSTRACT

A study was carried out to investigate the effect of storage of testes-epididymis complex at 5oC for 24 h and 
supplementation of lyophilized heterologous seminal plasma (LHSP) at different concentrations on the sperm quality 
during cool storage. Six pairs of testicles were collected immediately after orchiectomy from six stallions. One 
testes-epididymis (F1) was immediately processed for sperm retrieval and second testes-epididymis (F2) complex 
of each stallion was stored at 5℃ for 24 h. Spermatozoa were harvested from the epididymis by flotation technique 
and evaluated. Highly significant difference was observed among mean values of progressive motility (%) of 
epididymal sperm after 0 and 24 h of testicular-epididymal complex storage at 5°C, while no significant difference 
was observed among mean values of live sperm, membrane integrity and acrosomal integrity (%).  Both epididymal 
sperm suspensions were supplemented with skim milk glucose semen extender fortified with different concentrations 
(0, 2, 5 and 10 mg/ml) of LHSP and cooled for 24 h. Sperm suspension evaluation at 0, 12 and 24 h of cool storage 
revealed that addition of 2 mg/ml LHSP has beneficial effect as compared to control on progressive motility and 
HOST in both epididymal sperm suspension at 12 h and 24 h of cool storage at 5℃. From the current study, it was 
inferred that the sperm quality was not deteriorated even after the sperm retrieval after 24 h from the epididymis 
on storage at 5℃. Further, LHSP supplemented @2 mg/ml originated from good fertility stallion is the suitable 
concentration for cool-storage of equine epididymal sperm suspension.
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Unexpected death, calamitous injury or castration 
can prematurely terminate a stallion’s reproductive life. 
Breeders ask for a final semen collection as an alternative 
to preserve the genetic value of a stallion. Epididymal 
sperm extraction has been developed to collect the sperm 
after terminal cases. The timing and often location of the 
castration or post-mortem tissue recovery are not always 
appropriate for sperm handling and preservation. Equine 
testicles can be safely stored at 5°C in ice or equitainer used 
for shipping for 24 h (Mislei et al. 2016), while preserving 
sperm motility and viability. Stallion sperm recovered from 
the epididymal cauda either immediately after castration or 
after 24 h storage at 4°C in the epididymis have similar 
fertility capacity as ejaculated sperm (Monteiro et al. 
2011a). 

Seminal plasma (SP) is a complex mixture of proteins 
and non-protein substances such as ions and organic 

substances of low molecular weight that include free amino 
acids, monosaccharides, lipids, polyamines, prostaglandins 
and steroid hormones. SP constituents are considered to play 
an important role in sperm physiology and provide natural 
environment for spermatozoa to act as vehicle for sperm 
transportation, influence uterine inflammatory response to 
insemination and affect gamete interaction (Wood et al. 
2016). Various workers have reported beneficial effect of 
SP supplementation on epididymal sperm characteristic on 
preservation.

This study investigated the effect of storage of equine 
epididymis at 5°C in situ on the quality of harvested sperm 
and keeping quality of cooled epididymal spermatozoa in 
skimmed milk glucose extender fortified with different 
concentrations of LHSP was evaluated.

MATERIALS AND METHODS

Experimental animals: Healthy adult stallions reported 
for routine castration at Veterinary Polyclinic, Udaipur 
were utilized for study. Further study was conducted at 
Semen lab, Department of Veterinary Gynaecology and 
Obstetrics, CVAS, Navania, Udaipur, Rajasthan, India. Age, 
breed and breeding history of stallion reported for routine 
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castration was recorded. Twelve testicles were collected 
immediately after orchiectomy. Harvesting of sperm was 
performed from both epididymis (Roels et al. 2014). The 
spermatic cord was ligated with silk to avoid sperm loss 
and to ensure closure of the ductus deferens. The ligature 
was performed the farthest possible from epididymal 
cauda, so that viable sperms can be obtained from this 
region. The testicles and epididymis were rinsed using an 
isotonic solution such as a normal saline solution to remove 
blood and contaminants. The testicles and epididymis were 
packed in gloves filled with 0.9% NaCl solution to prevent 
tissues from desiccation and sent to semen laboratory in a 
styrofoam box with ice packs as soon as possible. Upon 
arrival at the semen laboratory, the testis was removed 
from the epididymis. The epididymis spermatozoa were 
harvested by flotation method. Twelve to fifteen incisions 
were made along the epididymis before placing in a petri 
dish filled with approximately 20 ml of warmed semen 
extender (Fig. 1). During ten minutes, spermatozoa were 
allowed to swim out of the epididymis. Thereafter, the 
remnants of the epididymis were removed and the extender 
with the semen were collected for further processing. For 
preparation of skim milk glucose extender, non-fat dry milk  
(2.4 g) and glucose (4.9 g) were poured in a beaker. The 
distilled water was added (92 ml) and mixed until milk and 
glucose were dissolved. The sodium bicarbonate (2 ml) and 
gentamycin sulfate (2 ml) were added. pH was measured 
and adjusted as needed to 7.0 by adding either an acid 
(HCl) or a base (NaOH) (Mccue 2014).

carefully to avoid spillage from the side of cover slip placed 
over the haemocytometer. The semen sample was allowed 
to settle for 2 min. The total 5 counting squares (4 corners 
and 1 center) were counted for presence of sperm under 
40× objective. Then sperm concentration was calculated as 
per the following formula:

Sperm concentration (million/ml) = (Dilution Factor= 40) 
(Count in 5 secondary squares) (0.05 × 106).

The progressive motility of the sperm was subjectively 
examined by placing 10 µL of the sperm suspension onto a 
pre-warmed glass microscopic slide at 37°C and visualized 
under a light microscope at 400× magnification. Motility 
was expressed as the percentage of progressively motile 
sperm (Pamornsakda et al. 2011).

For sperm viability, stained sperm smear was prepared 
in duplicate, by using eosin-nigrosin staining and 200 
sperm per slide were evaluated. One drop (5 µL) of semen 
was placed together with one drop (5 µL) of dye on a 
slide, and a smear was made after 2-3 min incubation on a 
stage warmer at 37°C (Soni et al. 2019). The spermatozoa 
classified as intact membrane (viable) were not stained by 
eosin, while the non-intact membrane (non-viable) showed 
the pink-red stained nuclei. From each one, a sample of 
200 sperm cells were counted under common optical 
microscope.

Evaluation of the plasma membrane/functional integrity 
of sperm membrane was done by hypo-osmotic swelling 
test (HOST) by incubating 30 µl of semen with 300 µl of 
a 150 mOsmol Fructose-base hypo-osmotic solution at 
37°C for 60 min. After incubation, 20 µl of the mixture 
was spread on a warm slide with a cover slip, subsequently, 
the sperm were analysed by counting 300 sperm cells from 
each sample in phase contrast microscope (40×) (Talluri  
et al. 2012). The number of swollen spermatozoa out of 
300 was counted; swelling was characterised by a coiled 
tail, indicating that the plasma membrane is intact. The 
cells were classified by the degree of coiling at the tail 
region and hypo-osmotic stress test-positive cells (Fig. 2) 
in each sample were calculated. 

To examine the acrosome integrity, diluted semen drop 
was kept on a clean grease-free slide, and a thin smear was 

Fig. 1. Flotation technique for sperm retrieval (A) Epididymis 
in petridish with media; (B) 10 to 12 incision by scalpel blade on 
epididymis.

A B

Fresh sperm suspension 1 (F1) from first epididymis and 
sperm suspension II (F2) from second stored epididymis 
were evaluated for microscopic parameters, sperm 
concentration, progressive motility (PM), viability, plasma 
membrane integrity and acrosome integrity immediately 
after harvesting. 

The sperm concentration in sperm suspension 
sample mixed with diluting fluid was estimated by  
haemocytometer according to Kant (2016) with some 
modification. Diluting fluid used was prepared by 
dissolving 0.05 g Eosin Y (water soluble) and 1 g sodium 
chloride (NaCl) in 100 ml distilled water. 50 µL of sperm 
suspension sample was extended in 2 ml of diluting fluid 
in a micro-centrifuge tube to make a 1:40 dilution.  The 
diluted sperm suspension sample (1:40) was dispensed 

Fig. 2. Positive and negative response of spermatozoa for 
sperm plasma membrane integrity (HOST) (400×).
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prepared. After air-drying the smear, the slide was fixed 
in methanol for 15 min and then after washing, the fixed 
slide was kept in working solution of Giemsa for 90 min  
(Kumar et al. 2019). Excess stain was removed by 
washing under gentle stream of water. It was dried in air 
and examined under the bright field 100× oil immersion 
objective of the phase-contrast microscope. Around 300 
spermatozoa were assessed in different fields of a slide, and 
the same were expressed in percentage.

Semen from a proven fertile stallion was collected and 
seminal plasma (SP) from that stallion was isolated and 
lyophilized. For LHSP preparation, immediately after 
semen collection, the gel portion of the semen was removed 
through a sterilized gauze filter. The remaining gel-free 
semen was immediately centrifuged at 3000× g for 30 min 
to separate the SP from the spermatozoa. The harvested SP 
was re-centrifuged at 3500× g for 20 min to obtain sperm 
free SP and stored at –20°C for a minimum of 24 h before 
lyophilisation. Lyophilisation of SP was carried out using 
a modified protocol described by Gianaroli et al. (2012). 
Samples were put inside a Freeze Dry System (Labconco, 
Freezone, USA) and exposed to a 30 h lyophilisation cycle 
with a condenser temperature of –50°C and vacuum of 
25×10-3 mbar. Lyophilized samples were mixed and stored 
at room temperature. 

The epididymal sperm suspension was supplemented 
with extender fortified with different concentrations of 
lyophilized heterologous seminal plasma (LHSP) keeping 
final concentration of 50 million sperm/ml (Monteiro et al. 
2013a) and final LHSP concentration as groups Control 
group (C1) without LHSP, T1 with LHSP at 2 mg/ml, T2 
with LHSP at 5 mg/ml and T3 with LHSP at 10 mg/ml 
concentration.  Usuga et al. (2020) and Mehra (2021) used 
nearly similar concentrations of SP. Epididymis sperm of 
all four groups (C1, T1, T2 and T3) were evaluated for PM, 
viability, membrane integrity and acrosomal integrity at 
immediate (0 h), 12 h and 24 h of cooling at 5°C. 

Completely randomized mixed models were fitted for 
statistical analyses of data. Data normality was assessed 
with the Shapiro-Wilk test and means were compared using 
Tukey’s test with significance level P<0.05. Statistical 
analyses were conducted using SAS version 9.2 software 
(SAS Inst. Inc., USA).

RESULTS AND DISCUSSION

The mean of left and right epididymal sperm output 
(×109) was 12.13±0.76 and 11.25±0.72, respectively 
which was non-significantly (P>0.05) different. Similar 
observations were recorded by Monteiro et al. (2011b) and 
Mislei et al. (2016) but lower value of total epididymal 
sperm output/epididymis was reported by Heise et al. (2011) 
in warm blooded Welsh and Boerperds breed stallions aged 
4-5 yrs and Guimarães et al. (2012) in Peruvian Paso Fino 
and Lusitano stallions aged 3-10 yrs and higher value of 
total epididymal sperm output/ epididymis was reported 
by Guasti et al. (2013) in Brazilian Jumping horses aged 
3 to 5 years and Monteiro et al. (2013b) in Brazilian 

Jumping, Quarter, Mangalarga Marchador and Lusitano 
aged 4-6 years old. These variations can probably be due to 
differences in age, breed of the stallions and season. 

The flotation method applied for sperm harvesting in 
present study is rapid and performed with ease. Flotation 
method yielded less sperm per epididymis as compared 
to retrograde flush, but flotation technique is selective 
for more functional sperm that are able to swim out of 
epididymis while flushing method is more traumatic to 
individual spermatozoa (Falomo et al. 2016, Carneiro et al. 
2017 and Rana 2017). In contrast to the flotation technique, 
retrograde method of flushing was also tried in the previous 
studies, which was also found to be more effective than the 
flotation technique (Talluri et al. 2023a and Talluri et al. 
2023b). 

Mean values of PM (%) of epididymal sperm after 0 (F1) 
and 24 h (F2) of testicular-epididymal complex storage at 
5°C was 24.25±1.13 and 19.92±1.02, respectively, which 
was highly significant (P≤0.01). Mean PM (%) of F1 and 
F2 supplemented with different concentrations of LHSP at 
0 h (immediate), 12 h and 24 h of cool storage (5°C) are 
mentioned in Tables 1 and 2. It was observed that there was 
an increase in PM on addition of skimmed milk glucose 
extender with different concentrations of LHSP (0, 2, 5 and 
10 mg/ml) immediately and there was reduction during 
storage at 5°C in all groups at 12 and 24 h of storage.

The 2 mg/ml LHSP increased (P≤0.05) PM as compared 
to control, while 5 mg/ml had intermediate effect and  
10 mg/ml LHSP addition reduced PM non-significantly  
as compared to control. Present results of cooling 
epididymal sperm are supported by Guimarães et al. 
(2012), Brogan et al. (2015), Neuhauser et al. (2018) and 
Miro et al. (2020). The  findings are consistent with the 
hypothesis by Monteiro et al. (2011b) that regardless of 
the inferiority of the initial epididymis parameters, after the 
addition of the diluent, there was a significant enhancement 
in the sperm parameters.

The present results are in concurrence with Stout  
et al. (2000), Heise et al. (2011) and Morrell et al. (2014).  
Ellerbrock et al. (2017) rationale behind adding SP to 
flushing techniques is the need for SP proteins to initiate 
motility in live, but quiescent sperm, which corroborate 
with findings of this study. Several molecules showing 
motility regulatory effects on spermatozoa have been 
identified and located in epididymis which initiate motility 
of spermatozoa (Dungdung et al. 2016)

The results of reduced PM by 10 mg/ml LHSP 
supplementation may be caused by excess antioxidant 
compounds and therefore, a pro-oxidant effect (Usuga  
et al. 2020). Contrary, Tiplady et al. (2002) documented 
non-significant improvement in PM in similar studies.  

Mean values of live sperm (%) of epididymal sperm 
after 0 and 24 h of testicular-epididymal complex storage at 
5°C were 85.67±1.69 and 82.75±1.11, respectively which 
is non-significant (P>0.05) difference. Mean viability of 
F1 and F2 sperm suspension supplemented with different 
concentrations of LHSP at 0 h (immediate), 12 h and  
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24 h of cool storage (5°C) are mentioned in Tables 1  
and 2. There was a decrease in viability on addition 
of skimmed milk glucose extender with different 
concentrations of LHSP (0, 2, 5 and 10 mg/ml) 
immediately and there was reduction during storage 
at 5°C in all groups at 12 and 24 h of storage. 
These findings proved non-significant beneficial 
effect of 2 mg/ml LHSP supplementation, but 
non-significant detrimental effect of 5 mg/ml and  
10 mg/ml LHSP supplementation for both F1 and 
F2 epididymal sperm suspensions.

Similarly, studies by Brogan et al. (2015), 
Guimarães et al. (2012) and Miro et al. (2020)  
also support findings of the study, that viability 
is retained to satisfactory (90, 83.5 and 83.8% 
respectively) level by cooling stallion epididymal 
sperm for 24 h and more.  Brogan et al. (2015) 
documented that 5°C is most common chilling 
storage temperature in practice, cooling 
spermatozoa results in lowered membrane lipid 
fluidity and associated membrane alterations, 
due to which most enzymatic process are slowed. 
Similarly, Stout et al. (2000) and Mislei et al. 
(2016) also reported non-significant improvement 
in sperm viability after addition of heterologous SP 
in epididymal sperm preservation. 

Mean values of HOST (%) of epididymal sperm 
after 0 and 24 h of testicular-epididymal complex 
storage at 5°C were 73.92±1.54 and 70.25±1.59, 
respectively, which is non-significantly (P>0.05) 
different. Mean membrane integrity of F1 and F2 
sperm suspension supplemented with different 
concentrations of LHSP at 0 h (immediate), 12 h 
and 24 h of cool storage (5°C) are mentioned in 
Tables 1 and 2. There was reduction in HOST 
positive spermatozoa in all groups at 12 and 24 h 
of storage. 

Results prove beneficial (P≤0.05) effect of  
2 mg/ml LHSP supplementation as compared to 
control. 5 mg/ml LHSP had intermediate beneficial 
effect and 10 mg/ml LHSP supplementation had 
non-significant detrimental effect on HOS reactive 
sperm in both F1 and F2 epididymal sperm 
suspension at 0, 12 and 24 h of cool storage. The 
current study results are concurrent with similar 
findings by Monteiro et al. (2011 a, b) and Usuga 
et al. (2020). 

Deleterious effect of higher concentration is 
supported by Kareskoski et al. (2006) and Monteiro 
et al. (2013b) who stated that there is no exposure 
of epididymal sperm to SP; supplemented SP has 
a greater pH and greater Na+ and Cl− content, 
which are detrimental to sperm survival during the 
conservation process. Deleterious effect of SP on 
sperm quality is due to biochemical changes that 
increase membrane permeability (Lozano et al. 
2011) which cause greater susceptibility to cooling 

53



RAM ET AL. [Indian Journal of Animal Sciences 94 (9) 790

damage on the sperm plasma membrane.
Mean values of acrosome integrity (%) of epididymal 

sperm after 0 and 24 h of testicular-epididymal complex 
storage at 5°C were 72.92±1.23 and 71.83±0.73, respectively 
which is non-significant (P>0.05). Mean acrosome integrity 
of F1 and F2 sperm suspension supplemented with different 
concentrations of LHSP at 0 h (immediate), 12 h and 24 
h of cool storage (5°C) are mentioned in Tables 1 and 2. 
There was reduction in mean acrosome integrity in all four 
groups for both F1 and F2 epididymal sperm samples after 
24 h of cooling. It proves the beneficial effect of 2 mg/
ml LHSP supplementation as compared to control, though 
non-significant. 5 mg/ml LHSP had intermediate effect and 
10 mg/ml had deleterious effect on acrosome integrity, both 
non-significant.

Reduction in acrosome integrity in all four groups 
by cooling supports the statement that sperm exhibit a 
decreased percentage of post-thaw quality parameters as 
compared to fresh, which is a characterization of the cold 
stress (Papa et al. 2015). Other studies by Morrell et al. 
(2014) also support these results. Contrary, Mehra (2021) 
reported detrimental effects on acrosomal integrity of 
cooled semen by supplementation of SP (2 mg/ml) in semen 
extender. Results of other researchers showing acceptable 
quality of epididymal sperm parameters by preservation 
through freezing or vitrification also strengthen these 
results (Papa et al. 2015, Gloria et al. 2016, Carneiro et al. 
2017, Guasti et al. 2017, Álvarez et al. 2019, Neuhauser  
et al. 2019). These results on cooling of stallion epididymal 
sperm are encouraging and supported by Atroshchenko  
et al. (2017) who stated that confirmation of the high safety 
of epididymal spermatozoa, as well as their resistance to 
cryopreservation, allows us to make a promising forecast 
for the development and application of the preservation 
technology for epididymal sperm of stallions. 
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