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Ab s t r Ac t
The study was conducted on 48 pairs of abattoir-derived testicles from mature bucks, irrespective of breed. The testicles were collected 
and packed in plastic bags in an icebox at 4°C and immediately transferred to the laboratory. The testicles were randomly divided into 
six storage groups, i.e., 6, 12, 24, 48, 72, and 96 hours; 8 pairs of testicles in each group and were preserved in the refrigerator at 4°C. 
After completion of storage time, testes of respective storage groups were cleaned with physiological saline solution, and the fascia, 
blood vessels, and sheath were removed using BP blade and thumb forceps. Epididymal semen was harvested, split into four aliquots 
and diluted with Tris Fructose-yolk-glycerol (TFYG) dilutor without and with additives, viz. alanine @ 25 mM, arginine @ 25 mM, or 
glutamine @ 50 mM. Ten straws from each diluted aliquot were filled, sealed, and placed in cold handling cabinet at 4°C for further 24 
hours of storage. The sperm motility, viability and HOS reactivity were evaluated on dilution and again after 24 hours of cold storage 
of straws using standard procedures. There was a gradual and significant deterioration in sperm quality with increasing storage time 
of testes from 6 to 96 hours at 4°C. Inclusion of all three amino acid additives in TFYG dilutor, and glutamine in particular, significantly 
improved sperm motility, viability, and HOS reactivity on dilution and at 24 hours of cold storage following each interval of testicles’ 
preservation. Therefore, epididymal semen of elite buck testes preserved at 4°C can be utilized for artificial breeding up to 12-24 hours 
following dilution with TFYG dilutor containing amino acid additives, particularly glutamine @ 50 mM. 
Keywords: Abattoir testes, Additives, Buck, Cold storage, Epididymal semen.
Ind J Vet Sci and Biotech (2021): 10.21887/ijvsbt.17.3.11

Role of Alanine, Arginine and Glutamine on Storage Capacity 
of Abattoir Derived Epididymal Buck Semen at Refrigerated 
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In t r o d u c t I o n

Antioxidant properties of amino acids may help to protect 
sperm cells against cold shock (Sangeeta et al., 2015). 

Amino acids with glycerol improves post-thaw sperm motility 
by virtue of its combined cryoprotective action in sperms of 
several species, including goat (Kundu, et al., 2001); however, 
exact cryoprotective mechanism is yet not clear (Santiago-
Moreno et al., 2019). Use of alanine as an additive gave higher 
post-thaw sperm recovery from goat epididymal semen 
(Kundu et al., 2001) and in ejaculated buffalo spermatozoa 
(Sheshtaway et al., 2008). Arginine promotes the motility 
of epididymal sperm by improving glycolysis rate, which 
elevates the rate of Adenosine-5’-triphosphate (ATP) and 
lactate generation in spermatozoa (Patel et al., 1998). 
Arginine plays an important role in the physiology of goat 
spermatozoa, enhances cell metabolism, and has a protective 
effect against lipid peroxidation (Srivastava et al., 2000). 
Hassanpour et al. (2010) reported that low concentrations 
of L-arginine (0.001, 0.01 and 0.1 mM) after 45 or 90 min of 
incubation had little effect on ram epididymal sperm motion 
parameters. Glutamine probably shows cryoprotective action 
on the sperm membrane by preventing lipid peroxidation 
(Khlifaouia et al., 2005). The literature on effect of cold 
storage of testes on epididymal sperm quality and inclusion 
of different additives in dilutor on sperm preservability of 
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semen harvested at different storage intervals of testes at 4°C 
is meager. Therefore, the present study was aimed to evaluate 
the effect of different cold storage intervals of slaughtered 
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buck testes and then adding amino acids in Tris extender on 
harvested epididymal sperm quality on dilution and after 24 
hours of further storage at 4°C. 

MAt e r I A l s A n d Me t h o d s

The experiment was carried out at deep-frozen semen (DFS) 
laboratory of the Department of Veterinary Gynaecology 
and Obstetrics of the College at ANDUAT, Ayodhya, UP, 
India. Forty eight pairs of testes (total 96) were collected 
immediately after slaughter of bucks, irrespective of breed, 
from local abattoirs of Faizabad and Sultanpur districts of UP 
and AL-Nafees Proteins Pvt Ltd, Mewat, Haryana. The testes 
were soon packed in plastic bags in ice chest at 4°C and 
immediately transferred to DFS lab. Testicles were randomly 
and equally divided into six storage groups, i.e., 6, 12, 24, 48, 
72 and 96 hours; 8 pairs of testicles in each group and stored 
at 4°C in the refrigerator.  After completion of storage time, 
epididymal semen of respective groups were harvested in 
small graduated test tubes, pooled for each pair, re-divided 
into four equal aliquots, and then diluted at 35°C with Tris 
fructose-yolk-glycerol (TFYG) extender without and with 
three amino acid additives. 

Four combinations of TFYG dilutor used were Control 
or C (TFYG alone), T1 (TFYG + alanine @ 25 mM), T2 (TFYG 
+ arginine @ 25 mM), and T3 (TFYG + Glutamine @ 50 
mM). Semen samples were extended at 35°C to a final 
concentration of 10 million sperm/ml with each extender 
and soon evaluated for sperm motility, viability and HOS 
reactivity. Moreover, 10 straws were filled, sealed, racked, 
and stored in a cold handling cabinet at 4°C for 24 hours and 
re-evaluated from each diluted aliquot. 

The progressive sperm motility was assessed subjectively 
using a high power objective (40X) of a phase-contrast 
microscope (Olympus, Japan) with a warm stage at 37°C. The 
rectilinear forward movement of spermatozoa was regarded 
as progressive motility. The sperm viability was determined 
by eosin-nigrosin staining under a phase-contrast microscope 
and completely unstained sperm cells were considered as 
viable. The functional integrity of the plasma membrane of 
spermatozoa was assessed by a hypo-osmotic swelling test 
(HOST) (Ahmad et al., 2014), following 1 hours of incubation 
of treated semen at 37°C using a phase-contrast microscope 
at 400X magnification. Spermatozoa with visible coiling of tail 
were considered to be HOS reactive (Khatun et al., 2021) and 
were assumed to have intact plasma membrane. 

The data were processed for analysis of variance (one-way 
ANOVA) followed by Tukey’s Column statistics for significance 
by the Graph pad prism using Version 5.00 software. The 
differences with values of p  < 0.05 were considered to be 
statistically significant. Pearson’s correlations were worked 
out between sperm quality parameters of diluted and post-
preserved semen.  

re s u lts A n d dI s c u s s I o n

The sperm quality parameters observed on dilution with TFYG 
extender without and with three amino acids and following 
24 hours of further storage at 4°C of buck epididymal semen 
harvested at different cold storage intervals are depicted 
in Table 1. There was a progressive and significant drop 
in sperm quality parameters with respect to increased 
storage time of buck testes at 4°C from 6 hours to 96 hours. 
However, the differences in observations between 6 hours 
and 12 hours of storage were statistically non-significant 
for all three parameters. These observations concurred well 
with several of previous studies on epididymal semen of 
ram and buck (Mir et al., 2012; Sasaf et al., 2015; Ouennes 
et al., 2019; Patel et al., 2021). Although cold storage can 
protect epididymal spermatozoa to some extent by delaying 
post-mortem changes, elongation of post-mortem time to 
epididymal sperm retrieval gradually alters the chemical 
composition and reduces pH of the epididymal lumen, which 
in turn deteriorate sperm quality. Wachida et al. (2019) also 
recorded a gradual drop in sperm quality of epididymal 
semen following storage of slaughtered ram testes at 5°C for 
different intervals as we used in the present study.  

Further, a significant (p  < 0.05) improvement in sperm 
motility, viability and HOS reactivity was recorded in T1, 
T2 and T3 extenders as compared to control, and T3 in 
particular on dilution and even after 24 hours of refrigeration 
preservation of epididymal semen for each storage interval 
of testes. Moreover, the values of sperm motility and viability 
were reduced highly significantly (p  < 0.01) after 24 hours 
of refrigeration of diluted semen as compared to values 
on dilution at each interval of testicular storage, but no 
appreciable changes were noted on HOS reactivity between 
dilution and 24 hours of storage at 4°C. These findings 
concurred well with Kulaksij et al. (2012). In the present 
study, the addition of selected amino acids (alanine @ 25 
mM, arginine @ 25 mM and glutamine @ 50 mM) in TFYG 
medium significantly improved the storage ability of buck 
epididymal sperm, which might be due to charged molecule 
nature of amino acids. Higher sperm motility observed in the 
presence of alanine concurred with the findings of Kundu et 
al. (2001), who also recorded higher post-thaw recovery of 
epididymal buck sperm. Sheshtaway et al. (2008) reported 
dose-dependent effect of alanine on post-thaw recovery of 
buffalo spermatozoa. Patel et al. (1998) reported increased 
metabolic activity of bucks epididymal sperm cells, lactic 
acid accumulation and increase in pH of cell suspension at 
low concentration of arginine addition. Sadeghi et al. (2020) 
reported higher total motility in liquid semen preserved at 
5°C (0, 24, 48 hours) than at 17°C. They mentioned refrigerated 
storage of goat sperm impaired sperm motility, mitochondrial 
membrane potential and response to oxidation as storage 
time increased. 
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The percentage of viable cells normally exceeds that of motile 
cells; therefore it is clinically important to know whether 
immotile sperms are alive or dead. Viability results should 
be assessed in conjunction with motility results from same 
semen sample. The presence of a large proportion of vital but 
immotile cells may indicate structural defects in the flagellum 
(Chems and Rawe, 2003). High HOS reactive spermatozoa in 
amino acids treated group may be due to membrane stabilizer 
action of these amino acids on spermatozoa. Similar finding 
was also observed by de Mercado et al. (2009) in boar semen. 

In present study, significantly (p  < 0.05) higher sperm 
motility and viability observed after 24 hours of storage of 
semen in glutamine treated group compared to alanine, 
arginine and control might be due to variable degree of 
membrane stabilizing property of these amino acids (Kundu 
et al., 2001; Khlifaouia et al., 2005), however, the exact mode 
of action yet is not clear. Furthermore, Kruuv et al. (1998) 
and Trimeche et al. (1998) reported toxic effect of higher 
glutamine concentration (152.7 mM and 240 mM, resp.) on 
mammalian sperm cells by virtue of its osmotic effect and 
biochemical toxicity and concluded that the sensitizing 
effect of the hyper-tonicity neutralizes the protective effect 
of glutamine. The membrane integrity (HOS reactivity) was 
recorded higher in all amino acids treated groups in our study. 
It may be due to protective role of amino acids on cauda 
epididymal spermatozoa. The variation observed in semen 
quality in different studies might be due to the difference 
in concentration of amino acids used and thereby altered 
osmolarity and toxicity of the medium. 

Pearson’s correlations studied among three vital sperm 
quality parameters at 6 hours of cold storage stage of testes 
between post-dilution and post-preservation (for 24 hours at 
4°C) in tris extender with amino acids additives (Table 2), as 
expected physiologically, revealed highly significant (p < 0.01) 
positive interrelationships among sperm motility, viability 
and HOS reactivity on dilution (r = 0.93-0.96) and at post-
refrigeration preservation (r = 0.72-0.87) stage. Moreover, 
the values of all three parameters on dilution of epididymal 
semen had significant (p  < 0.01) positive correlations with 
values on post-refrigeration of diluted semen for 24 hours (r 
= 0.83-0.97). The magnitudes of correlations were somewhat 
higher in samples extended in TFYG dilutor with amino acids 
as compared to control dilutor on dilution, post-refrigeration 

as well as between post-dilution and post-refrigeration 
periods. These correlations suggest that the initial sperm 
quality determines the storage capability of semen at 4°C 
temperature.  

co n c lu s I o n

From the study, it can be concluded that the testes as whole or 
epididymal semen can be preserved satisfactorily at 4°C up to 
12-24 hours of the slaughter of elite buck and further utilized 
for breed improvement in goat. The addition of glutamine @ 
50 mM in TFYG dilutor significantly improves motility, viability 
and HOS reactivity of epididymal buck semen up to 24 hours 
of storage at 4°C; however, its effect on in vitro fertilization 
and embryo production is still to be explored.
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