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Abstract
We hypothesized that ram epididymal tail sperm may be efficiently activated in homologous seminal plasma compared to 
tris and sperm-TALP. Eighty ejaculates were collectedfrom five healthy fertile rams by artificial vagina. Ejaculates with ≥ 3 
mass motility and ≥ 70% initial motility score were considered and pooled. The seminal plasma was harvested by two-
phase centrifugation (A-3000 g, 4 °C, 20 min; B-3600 g, 4 °C, 30 min). Sperm were collected by dissecting epididymal tail 
into 3 equal parts which were placed in three small (35 mm) petri dishes for activation in homologous seminal plasma 
(SP), sperm-TALP (TP) and tris buffer (TR). Sperm quality was assessed at 0, 24, 48 and 72 h of cold storage on the basis 
of motility, viability, HOST and acrosomal integrity. In addition to subjective assessment of motility, acrosomal integrity 
and viability were evaluated using molecular florescent probe combinations-fluorescein isothiocyanate (FITC) conju-
gated to peanut agglutinin (PNA) plus propidium iodide (PI) and carboxyflorescene diacetate (CFDA) plus propidium 
iodide, respectively. Motility, CFDA positive sperm (Viable) and HOST reacted sperm percentage were significantly higher 
(p < 0.05) for SP compared to both TP and TR at 48 and 72 h of cold storage. FITC-PNA negative sperm (Intact acrosomes) 
percentage did also differ significantly (p < 0.05) between SP, TP and TR at various hours of cold storage. In conclusion, 
homologous seminal plasma efficiently activated and preserved epididymal tail sperm compared to tris buffer and sperm-
TALP. This study provides an opportunityto further explore the role of homologous seminal plasma in cryoprotection 
and fertilizing capacity of epididymal tail sperm.
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1 Introduction

Epididymal tail has a great potential to be used as a source of sperm in assisted reproductive technologies [1]. Sper-
matozoa retrieved from epididymal tail (Cauda epididymis) are motile and mature, and have produced live births [2, 3]. 
Therefore, there is considerable interest in recovering quality sperm from the epididymal tails of deceased animals of 
high genetic merit and endangered species/breeds for development of germplasm banks [4]. The recovery of motile 
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and fertilizable sperm from the epididymal tail of an animal at death is a proven technique to preserve its germplasm 
and later on generate new chances for artificial breeding and revival of that genotype [5, 6]. Motile and viable sperm 
have been successfully recovered from epididymal tails stored either at room temperature or at 5 ℃ in boar [7], stallion 
[8], tom cat [9], bull [10], dog [11], and ram [12–14].

To enable fertilization, sperm must interact with a variety of factors present in the female reproductive tract which 
include proteins, hormones, endometrial epithelial cells, and immune cells. Many of these interactions are thought to 
involve proteins on the spermatozoa’s outer membrane [15], derived mostly from protein-rich seminal plasma [16, 17]. 
Retrieving viable sperm from epididymal tail in synthetic buffers [18], inseminating them directly into the uterus [19] 
have resulted in successful births [2, 3] possibly indicating that seminal plasma is not at all required to affect fertilization. 
However, strong evidence in sheep indicate that insemination with ejaculated spermatozoa achieve considerably greater 
pregnancy rates than epididymal spermatozoa [20, 21], suggesting presence of a factor in ram seminal plasma which 
plays a crucial role in aiding sperm transport across the cervix. Besides this, seminal plasma in sheep contains a protein 
called RSVP-14 which is homologous to BSP in bull [22]. This protein has been reported to provide protection to ram 
spermatozoa during its cryostorage [23]. It binds to the plasma membrane of sperm [24] and helps in capacitation [25].

The seminal plasma contains a robust antioxidant enzyme system in the form of reduced glutathione (GSH), glu-
tathione peroxidase (GSH-PX), catalase (CAT) and superoxide dismutase (SOD) which counter harmful effects of excess 
ROS [26]. Several studies [27–29] have reported the positive effect of seminal plasma supplementation on sperm motility, 
capacitation status, and ability to penetrate cervical mucus in frozen-thawed ram spermatozoa.

At the time of ejaculation, the epididymal tail sperm become activated on mixing with the seminal fluid secreted 
from accessory sex glands. This is called activated motility [30]. Contrary to this, under in vitro conditions, epididymal 
tail sperm remain deprived of important critical seminal plasma components and optimal activation of epididymal tail 
sperm from an animal after its death has always been a challenge. Therefore, optimal activation of epididymal tail sperm 
is crucial to its preservation and subsequent fertility.

To date, epididymal tail sperm of different species have been activated/retrieved in synthetic buffers such as tris, 
sodium citrate, powdered coconut water and sperm-TALP [12–14, 31–33] with varying results. Seminal plasma being 
natural secretion and loaded with a huge number of critically important components, activation/recovery of ram epididy-
mal tail sperm in homologous seminal plasma may have a tremendous beneficial effect on the sperm activation and 
subsequent preservation at 4 °C. There are reports of its use as a supplement in various extenders. However, to the best 
of our knowledge, there is no published report on the use of homologous seminal plasma for activation of epididymal 
tail sperm in any of the species. In this endeavor, we conducted this experiment to investigate the epididymal tail sperm 
activation potential of homologous seminal plasma in comparison to sperm-TALP and tris buffer and their impact on 
sperm quality during its cold storage for 72 h.

2  Materials and methods

Animals were ethically handled throughout this trial. All chemicals used were of reagent grade. Florescence probes 
such as FITC-PNA (CAT No L7381–1 mg), PI (P4864–10 mL) and CFDA (C4916–25 mg) and antifading agent-DABCO 
(290734–100 mL) were procured from Sigma–Aldrich (St. Louis, MO, USA). Other chemicals were procured from Himedia 
Pvt. Ltd. India.

2.1  Study location, selection and management of the rams

The present study was carried out in Sperm biology laboratory which is situated at the foot hills of greater Himalayan 
mountainous region of Kashmir with latitude 34°5′ North and longitude 74° 48′ East and lies at an altitude of 1585 m 
above mean sea level. The temperature ranges between 20 and 33 °C during summer and – 5 to –15 °C during peak 
winter months. Five healthy crossbred breeding rams with proven fertility (2–5 years age) were selected from Mountain 
Research Centre for Sheep and Goat (MRCS&G), Faculty of Veterinary Science and Animal Husbandry, Shuhama during 
breeding season (September-December) when day light length is short (average 8 h/day). The rams were fed concen-
trate at the rate of 200 g/animal/day with 6 h of grazing during September and October and then from November to 
December were managed exclusively under intensive system. Intensive feeding included 500 g of concentrate/animal/
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day and hay (roughage) at the rate of 1 kg/animal/day. Molasses were also given at the rate of 15–30 g/animal/day. Water 
and salt were provided ad libitum.

2.2  Collection of semen and homologous seminal plasma (SP)

Semen ejaculates (n = 80) were collected by artificial vagina twice a week for sufficient amount of SP collection. Average 
ejaculate volume ranged between 0.7 and 1.1 ml. The average collection of SP from each ejaculate varied between 0.4 
and 0.6 ml. Before semen collection, peri-prepucial area of all rams was thoroughly cleaned with normal saline and long 
hair was clipped to minimize contamination at the time of semen collection. All ejaculates were examined grossly for any 
abnormality followed by microscopic examination. Microscopically, mass activity and initial sperm motility of ejaculates 
were evaluated. Ejaculates with ≥ 3 mass motility score and ≥ 70% initial motility score qualified and thus were pooled. 
Homologous seminal plasma (SP) was obtained from pooled ejaculates after processing in two-phase centrifugations 
(A-3000 g, 4 °C, 20 min; B-3600 g, 4 °C, 30 min). To ensure that there was no sperm present in the SP, a drop of recovered 
HSP was examined under microscope. In case the sperm were spotted under microscope, a third –phase of centrifuga-
tion (3600 g, 4 °C, 30 min) was applied. To avoid microbial growth during its storage, Streptopenicillin @ 1 mg/ml was  
added to the SP samples and were stored at − 20 °C till further use.

2.3  Composition of tris buffer and sperm‑TALP

Tris buffer contained 3.028 g tris (Hydroxymethyl amino methane), 1.70 g citric acid monohydrate, 1.25 g fructose and 
100 mg strepto-penicillin dissolved in triple glass distilled water up to 100 mL. Sperm-TALP contained 2.886 g Sodium 
chloride, 0.115 g Potassium chloride, 0.21 g Sodium dihydrogen phosphate, 0.147 g Calcium chloride dehydrate, 0.1115 g 
Magnesium chloride, 1.85 g Lactic acid, 1.05 g Sodium hydrogen carbonate dissolved in triple glass-distilled water up 
to 500 mL.

2.4  Collection of testicles, in vitro quality check and experimental design

A total of 25 testicles were collected from freshly slaughtered rams from the local slaughter house and were trans-
ported in zip lock bags to the semen biology laboratory in an ice chest (4–5 °C). The testicles were processed within 
2 hours of slaughter. The experimental design is depicted in the Fig. 1. After reaching at the laboratory, the weight 
of the testicles was measured with a weighing balance (CY-104, Citizon, India). Testicles ≥ 100 g were selected for 
subsequent processing. The mean weight of testicles was 150 ± 2.06. The connective tissue around each testicle was 
removed with the help of a scissor. The epididymal tails were separated from the testicles and their weight was also 
measured. The mean weight (g) of epididymal tails was 3.64 ± 0.19. To ensure that epididymal tails contain normal 
sperm, an in vitro sperm quality check was conducted. A small amount of epididymal fluid containing sperm was 
extracted with the help of 5 ml syringe and was put on a warm slide. A drop of tris buffer was added to it and a 
coverslip was placed on the mixture drop. After 2–3 min, it was examined at × 400 magnification of a phase contrast 
microscope (Eclipse E200, Nikon, Japan). Appearance of vigorous motile sperm with no major sperm abnormalities 
was considered as testicles being from a normal breedable male. Only 9 testicles (constituted 9 replicates) passed 
the quality check and were considered for this experiment. Epididymal tail sperm were activated by equally dis-
secting epididymal tail into 3 parts which were then placed in three small (35 mm) petri dishes designated as SP 
(Homologous seminal plasma), TP (sperm-TALP), and TR (Tris buffer) each containing 3 ml of respective activation/
recovery fluids- SP, TP and TR which constituted three groups. These dishes were kept at 30 °C for 20 min to allow 
full sperm activation. After 20 min, the epididymal tail pieces were first squeezed and then discarded. Each sperm 
sample recovered in the dishes was kept in 15 ml centrifuge tubes. A small portion (100 µL) from each group was 
kept in respective designated 0.5 mL micro centrifuge tubes at 30 °C for pre-storage sperm quality evaluation (this 
was considered as quality at 0 h). The rest of the samples were stored at 4 °C for subsequent evaluation at 24, 48, 
and 72 h. The samples were held as such in lab for half an hour before placed in a refrigerator. It took 40 min to one 
hour to reach 4 °C so the samples were cooled slowly to avoid cold shock.
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2.5  Sperm quality evaluation

Sperm plasma and acrosome membrane integrity and their proper function are essential for sperm metabolism, capaci-
tation, oocyte binding and acrosome reaction [34]. The most basic sperm attributes to affect successful fertilization 
include sperm motility, plasma and acrosomal membrane integrity. The most common sperm variables determined at 
farm or semen station level include motility, plasma membrane and acrosome integrity which are considered enough 
[35]. Thus we also considered only basic parameters to study the activating potential and quality during cold storage.

Fig. 1  Experimental design
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2.6  Sperm motility

Sperm motility was subjectively assessed as per the method of Mortimer [36]. A drop of a sperm sample was placed on a 
clean grease free slide kept on a warmer stage (37 °C) and a cover slip was put over the drop and then examined at × 400 
magnification of a phase contrast microscope (Nikon eclipse 200, Japan). The number of spermatozoa that moved in 
forward direction in various fields was estimated. Three independent researchers evaluated progressive motility of each 
sample and average of the three values was considered as the final value for sperm motility.

2.7  Sperm viability using molecular probe CFDA + PI

Sperm viability was determined using molecular probes-Carboxyflorescene diacetate (CFDA) and propidium iodide (PI) 
as per the method of Harrison and Vickers [37] with some modifications. Firstly, working concentrations of CFDA (0.5 mg/
ml) and PI (0.3 mg/mL) were prepared. To make stock solution (25 mg/mL) of CFDA, 1 mL of dimethyl sulphoxide (DMSO) 
was added to the vial containing 25 mg powdered CFDA at room temperature (20–22 °C) under dark conditions. Working 
concentration (0.5 mg/mL) was prepared by diluting an aliquot of stock solution with DMSO using C1V1 = C2V2 formula. PI 
stock is available as 10 mg/mL and working concentration (0.3 mg/mL) was prepared by diluting an aliquot of stock with 
PBS (pH = 7.2). First semen sample was washed twice in TALP by centrifugation @ 90 g for 3 min. To 40µL of suspension, 
15µL of CFDA working solution was added in 0.5 mL microcentrifuge tube under dark condition and incubated at 37 ℃ 
for 15 min. Then 2 µL PI working solution was added to the mixture and the resulting mixture was again incubated for 
5 min. Finally 100 µL of TALP was added to the tube for washing at 90 g for 5 min. Supernatant was discarded and a thin 
smear was prepared from the sediment on a clean grease-free slide. Air dried smear was examined under epifluorescence 
microscope (Magnus MLXi21 EPILED, India). The microscope was connected to the computer through Magcam MU2A 
with 2.3 MP 1/1.19″ CMOS sensor (Magnus, India) operated through Magvision software installed on a computer. Fluo-
rescence was studied using blue (excitation wavelength of 480 nm) and green filters (excitation wavelength of 535 nm). 
Sperm cells that emitted green fluorescence under blue filter were considered as CFDA positive (live sperm-Fig. 2) and 
those emitted red fluorescence on green filter were considered as CFDA negative (dead sperm). More than 400 sperm 
were counted in different fields (10–12) and percentage of CFDA positive sperm cells was determined.

2.8  Acrosomal status using molecular probe (FITC‑PNA)

The acrosomal status was evaluated by using FITC-PNA molecular probe (fluorescein isothiocyanate conjugated to 
peanut agglutinin) as per the method of Singh et al. [38] with some modifications. Briefly, working concentration of 
FITC-PNA (0.04 mg/mL) and PI (0.3 mg/mL) were prepared. First semen sample was washed twice in TALP by centrifu-
gation @ 90 g for 3 min. The sediment was resuspended in TALP and 40 µL of suspension (10 million sperm) was taken 
into a 0.5 mL microcentrifuge tube and 15 µL of FITC-PNA working solution was added to it under dark condition 
and incubated at 37 ℃ for 15 min. Then 2 µL PI working solution was added to the mixture and was again incubated 
for 5 min. The stain mixture was washed twice in 100 µL of TALP by centrifugation at 90 g for 5 min. Supernatant 
was discarded and a thin smear was prepared from the sediment on a clean grease-free slide. Air dried smear was 
examined under epifluorescence microscope similarly as in CFDA plus PI staining. Sperm with green fluorescence 

Fig. 2  Sperm cells with green 
fluorescence are CFDA posi-
tive (live sperm) and those 
with red fluorescence are PI 
positive (dead sperm)

CFDA positive sperm (live)

Excited with blue filter
PI positive sperm (dead)

Excited with green filter
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on head tip (Fig. 3) were counted as FITC-PNA positive sperm (damaged acrosome) while as sperm with no green 
fluorescence on head tip were counted as FITC-PNA negative sperm (intact acrosomes). More than 400 sperm were 
counted in different fields and acrosome intact percentage was determined.

2.9  HOS test (hypo‑osmotic swelling test) for functional sperm plasma membrane integrity

The HOS test was performed as per the method described by Vasquez et al. [39]. Briefly 10 µL of a sperm sample was 
added to 150 µL of the HOS medium (75 mOsm/kg: Sodium citrate 0.367 g and fructose 0.675 g dissolved in 100 ml 
of distilled water) in a 0.5 mL microcentrifuge tube, which was incubated at 37 °C for 15 min. After incubation, 10 µL 
of the mixture was placed on a clean, grease-free slide with a cover slip over it and examined at × 400 magnifica-
tion. Sperm with swollen or coiled tails were counted as HOST reacted sperm (Fig. 4) indicating functionally intact 
sperm plasma membrane. More than 200 spermatozoa were counted to determine the percentage of HOST reacted 
spermatozoa.

2.10  Statistical analysis

The data generated were first examined for normal distribution. All the percentage data for each parameter were not 
normally distributed and were square root transformed. Sperm motility, viability, HOST reacted sperm and percent 
intact acrosome at different time points of cold storage within groups and between treatment groups at each time 
point were analyzed using one-way ANOVA. The difference between the means was determined by Tukey’s HSD tests 
(Post hoc test). The p ≤ 0.05 was considered as statistically significant.

Fig. 3  Sperm with green fluo-
rescence on head tip are FITC-
PNA positive sperm (damaged 
acrosomes) while as sperm 
with no green fluorescence on 
head tip are FITC-PNA nega-
tive sperm (intact acrosomes)

FITC-PNA Positive 

sperm

FITC-PNA negative 

sperm

Fig. 4  Sperm with coiled 
tail are considered as HOST 
reacted while as with straight 
tail are HOST negative

HOST reacted sperm have coiled tail
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3  Results

The sperm motility percentage (Fig. 5a) was significantly (p < 0.05) higher for SP (64.33 ± 4.80–48 h; 52.50 ± 2.14–72 h) 
group compared to both TP (51.66 ± 2.10–48 h; 40.83 ± 3.00–72 h) and TR groups (52.50 ± 4.03–48 h; 41.66 ± 3.33–72 h) 
at 48 and 72 h of cold storage. Further, it declined significantly (p < 0.05) from 0 to 72 h of cold storage within all the 
groups (Fig. 5b). The CFDA positive sperm (Viable sperm) percentage (Fig. 6a) for SP group (72.39 ± 0.62) was also sig-
nificantly (p < 0.05) higher than TP (67.13 ± 1.29) and TR group (66.89 ± 1.65) at 48 and 72 h of cold storage (63.37 ± 2.19-
SP, 56.13 ± 1.60-TP, 58.18 ± 1.49-TR). However, it declined significantly (p < 0.05) from 0 to 72 h of cold storage in all the 
groups except in SP group where no significant difference was observed from 0 to 24 h of cold storage (Fig. 6b). Again 
HOST reacted sperm percentage (Fig. 7a) for SP group (65.10 ± 1.55) was significantly (p < 0.05) higher at 48 h than TP 
(59.95 ± 0.24) and TR (61.50 ± 1.11) and also at 72 h of cold storage (55.09 ± 1.17-SP, 46.53 ± 0.78-TP, 50.16 ± 0.16-TR). 
Further HOST reacted sperm percentage declined significantly (p < 0.05) from 0 to 72 h of cold storage in all the groups 
(Fig. 7b). FITC-PNA negative sperm percentage (intact acrosome, Fig. 8a) in SP group was significantly (p < 0.05) higher 
than TP and TR groups at 0 (91.66 ± 0.90-SP, 88.13 ± 1.02-TR), 48 (75.54 ± 0.70-SP, 74.49 ± 1.07-TP) and 72 h (68.27 ± 1.15-SP, 
61.97 ± 1.35-TP, 62.91 ± 1.53-TR) of cold storage. Further it declined significantly (p < 0.05) from 0 to 72 h of cold storage 
in all the groups (Fig. 8b).

4  Discussion

Male epididymal duct secretions gradually alter the proteins and lipids on the sperm membrane; however, spermato-
zoa become mixed with a different set of surface-remodeling substances produced by the accessory sex glands during 
ejaculation [40]. These proteins together with antioxidant agents are responsible for protection of sperm during cold and 
cryostorage and enhancement of quality may result due to interaction between molecules on the surface of spermatozoa 
and in seminal plasma [41, 42]. With this concept, numerous studies [43, 44] have been conducted on supplementation 
of seminal plasma in the extenders with an aim to improve the quality of the sperm during preservation. But activation 

Fig. 5  a Sperm motility 
percentage of epididymal tail 
sperm samples activated in 
homologous seminal plasma 
(SP), sperm-TALP (TP) and Tris 
(TR) at different time points 
of cold storage. a,bDifferent 
alphabets indicate significant 
(p < 0.05) difference between 
means. b Sperm motility 
trend from 0 to 72 h of cold 
storage within each treatment 
group/activation fluid (SP, TP, 
TR). a,b,c,dDifferent alphabets 
indicate significant (p < 0.05) 
difference between means
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Fig. 6  a CFDA positive sperm 
(Viable sperm) percentage in 
epididymal tail sperm samples 
activated in homologous 
seminal plasma (SP), sperm-
TALP (TP) and Tris (TR) at 
different time points of cold 
storage. a,bDifferent alphabets 
indicate significant (p < 0.05) 
difference between means. 
b CFDA positive sperm trend 
from 0 to 72 h of cold stor-
age within each treatment 
group/activation fluid (SP, TP, 
TR). a,b,c,dDifferent alphabets 
indicate significant (p < 0.05) 
difference between means

(a)

0
10
20
30
40
50
60
70
80
90

100

0 24 48 72

C
FD

A
 p

os
iti

ve
 sp

er
m

 (%
)

Time point of cold storage (hours) 

SP

TP

TR

a
b  b a

b  b

(b)

0
10
20
30
40
50
60
70
80
90

100

0h 24h 48h 72h 0h 24h 48h 72h 0h 24h 48h 72h

SP TP TR

C
FD

A
 p

os
iti

ve
 sp

er
m

 (%
)

Time point of cold storage (hours) within treatment groups

a a
b

c

a b
c

d

a
b

c
d

Fig. 7  a HOST reacted sperm 
percentage in epididymal tail 
sperm samples activated in 
homologous seminal plasma 
(SP), sperm-TALP (TP) and Tris 
(TR) at different time points 
of cold storage. a,bDifferent 
alphabets indicate significant 
(p < 0.05) difference between 
means. b HOST reacted sperm 
trend from 0 to 72 h of cold 
storage within each treatment 
group/activation fluid (SP, TP, 
TR). a,b,c,dDifferent alphabets 
indicate significant (p < 0.05) 
difference between means
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of epididymal tail sperm in homologous seminal plasma has not been tried yet. Taking lead, the present experiment was 
designed to find how efficiently SP activate epididymal tail sperm in comparison to sperm-TALP and tris buffer and its 
impact on sperm quality during its cold storage for 72 h.

Here we report significantly higher sperm motility, CFDA positive sperm (Live sperm), FITC-PNA negative sperm (Intact 
acrosome) and HOST reacted (functionally viable) sperm percentage in SP compared to TALP (TP) and tris (TR). Efficient 
activation and subsequent better sperm quality during cold storage might indicate better interaction of epididymal tail 
sperm with the constituents of seminal plasma during recovery than when sperm are recovered directly in TR and TP. 
Expectedly such an interaction does not exist in TP and TR. When sperm are directly exposed to seminal plasma as in SP 
group, they become mixed with a different set of surface-remodeling substances present in it produced by the acces-
sory sex glands during ejaculation. These proteins together with antioxidant agents could be responsible for efficient 
activation and protection of sperm during cold and cryostorage [41, 42, 45]. There are no published data to compare 
the present findings directly, however, supplementation of seminal plasma in extenders have been reported to improve 
sperm quality even incomplete interaction with the components of seminal plasma due to dilution effect [46]. Yoval-
Montemira et al. [43] and Neuhauser et al. [47] reported increase in motility with the addition of seminal plasma to tris at 
10% level indicating beneficial effect of seminal plasma components on sperm attributes. The beneficial effect can also 
be explained on the fact that SP contains protective proteins and robust antioxidant system that prevent sperm from 
oxidative stress and cryocapacitation [48, 49]. Studies have also been conducted species-wise on the beneficial effect 
of homologous SP or heterologous SP on sperm attributes. It was found that homologous seminal plasma benefit ram 
spermatozoa more than bull spermatozoa after its supplementation to extender [50]. This indicates that this effect is 
quite prevalent in sheep. Nongbua et al. [51] also investigated the effect of adding homologous or heterologous bovine 
seminal plasma to seminal plasma free sperm samples before freezing on sperm quality after thawing. The authors 
reported that addition of 5% homologous seminal plasma offered beneficial effect on sperm quality compared to 5% 

Fig. 8  a FITC-PNA negative 
sperm (Intact acrosome) 
percentage in epididymal tail 
sperm samples activated in 
homologous seminal plasma 
(SP), sperm-TALP (TP) and Tris 
(TR) at different time points 
of cold storage. a,bDifferent 
alphabets indicate significant 
(p < 0.05) difference between 
means. b FITC-PNA nega-
tive sperm (Intact acrosome) 
trend from 0 to 72 h of cold 
storage within each treatment 
group/activation fluid (SP, TP, 
TR). a,b,c,dDifferent alphabets 
indicate significant (p < 0.05) 
difference between means
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heterologous seminal plasma obtained from high fertility bulls. These findings are in agreement with the findings of 
our study. Beneficial effect of homologous seminal plasma obtained from high fertile bulls on motility characteristics 
of bull cauda epididymal sperm has also been reported by Holden et al. [52]. These findings also support our results as 
homologous SP obtained from high fertile rams in our study also efficiently activated the epididymal sperm and had 
profound effect on the quality of epididymal tail sperm during cold storage. Nikolovski et al. [53] also reported better 
sperm quality with combination of glutathione and homologous seminal plasma (20%). Our results are also corroborate 
well with the findings of Fernando-gago et al. [54] who reported that 50% of seminal plasma supplementation is most 
efficient concentration compared to 0 and 10% for maintaining the sperm quality in boar during thawing. The significant 
outcome in this study is that ram epididymal tail sperm could be efficiently activated in homologous seminal plasma, 
stored and then may be processed/extended before using in various assisted reproductive techniques for better outcome 
or for prolonged storage. In conclusion, activation of ram epididymal tail sperm in homologous seminal plasma (SP) 
may be adopted for high quality sperm recovery for efficient short and long term preservation. This study being the first 
report has opened new avenues of research in this direction and provides an opportunity to further explore the role of 
seminal plasma in cryoprotection and enhanced fertilizing abilities of epididymal tail sperm.
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