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Abstract

Open Access
A total of 28 ejaculates collected from four Swamp buffalo bulls aged five to
eight years maintained at the Network Project on Swamp Buffalo, College of
Veterinary Science, Khanapara, Guwahati, Assam were used to study the leakage
of sperm membrane protein, cholesterol, ALT and AST during cryopreservation
of Swamp buffalo bull semen in Tris-egg yolk-citrate-glycerol extender. The
mean levels of sperm membrane protein (SMP) in fresh, after equilibration and
after freezing were 5.13+0.12, 3.95+0.10 and 3.83+0.11 mg/ 10° spermatozoa,
respectively. The mean levels of cholesterol in fresh, after equilibration and after
freezing were 21.95+0.44, 18.27+0.40 and 14.74+0.60 pg/ 10® spermatozoa,
respectively. The mean levels of sperm membrane proteins and cholesterol
were significantly (p<0.01) lower after equilibration and freezing. The mean AST
activity was 12.63+1.14, 28.60+1.71 and 57.20%4.52 units/ 10® spermatozoa
while the mean ALT activity was 0.89+0.11, 1.73+0.21 and 4.00+0.20 units/ 102
spermatozoa in fresh, after equilibration and freezing, respectively. The mean
activity of AST and ALT was significantly (p<0.01) higher after equilibration and
freezing. From the present study, it can be concluded that cryopreservation
induces leakage of sperm membrane protein, cholesterol, ALT and AST of the
swamp buffalo bull semen, which is an indicator of cryodamage.
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Introduction (Talukdar et al., 2015a). Studying cryocapacitation in

Preservation of semen samples under liquid nitrogen leads  SWamp buffalo spermatozoa is vital because the freeze-

to considerable changes in the morphological and functional
attributes, which ultimately leads to poorer fertility of
preserved semen as compared to fresh semen (lbrahim,
2024). Cryodamage of buffalo spermatozoa is more severe
because of its distinctive physiology, especially the presence
of more polyunsaturated phospholipids in the sperm
membrane, making them more susceptible to freezing stress
than bull spermatozoa, leading to significant loss of viability,
membrane integrity and DNA integrity (Said et al., 2024).
Cryopreservation increases ROS production, damaging
lipids, proteins and DNA leading to poor fertility of preserved
buffalo spermatozoa (Talukdar et al., 2015a; Arunkumar et
al., 2022). Numerous mechanisms have been ascribed to
the reduced fertility of preserved semen; among them are
capacitation-like changes in frozen-thawed spermatozoa
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thaw process induces premature capacitation-like changes.
These alterations cause membrane destabilization, calcium
influx and an untimely acrosome reaction, ultimately
shortening sperm lifespan in the female tract and leading
to significantly lower post-thaw fertility compared to
fresh semen. Moreover, preserved spermatozoa have a
transformed membrane state, which is functionally similar
to capacitation (Watson, 1995; Talukdar et al., 2017). Cryo-
capacitation is one of the major factors associated with
reduced and poor survivability of preserved spermatozoa
in the female genital tract (Talukdar et al., 2015b). There is
leakage of sperm membrane proteins, cholesterol and other
biomolecules which reduces the fertility of preserved semen
(Chavda et al., 2022). Cholesterol efflux leads to changes in
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membrane structure, increased bi-layer penetrability and
fluidity that give rise to the capacitated state of the sperm
cells (Talukdar, 2014). There are also changes in sperm
membrane proteins, which might be due to sub-lethal
damage occurring during preservation leading to loss of
sperm surface proteins (Kadirvel et al., 2011). Although
cryopreservation-induced biochemical alterations have been
investigated in cattle and Murrah buffalo, limited information
is available regarding leakage of sperm membrane protein,
cholesterol and transaminases in swamp buffalo semen
during cryopreservation. Moreover, by understanding how
cryocapacitation affects the depletion of membrane proteins
and cholesterol allows researchers to design improved
extenders. Supplementing with protective agents, such
as cholesterol-loaded cyclodextrins (CLC), antioxidants, or
novel extenders, can stabilize membranes and preserve
fertilization capacity (Talukdar et al., 2017). Improving the
cryosurvival of buffalo semen is the foundation of successful
Al programs. Swamp buffaloes are essential agricultural
assets (for draft power and meat/milk production) in
Southeast Asia and parts of India, so optimizing their
reproductive efficiency directly impacts livestock breeding
(Talukdar et al., 2015b). That is why the present study was
undertaken to assess the changes in swamp buffalo sperm
cells during preservation under liquid nitrogen with respect
to transaminases activities, sperm membrane protein and
cholesterol content.

Materials and Methods

A total of 28 semen samples were collected using the
artificial vagina method from each of the four swamp buffalo
bulls aged five to eight years maintained at the Network
Project on Swamp Buffalo, College of Veterinary Science,
AAU, Khanapara, Guwahati, Assam (Latitude: 26.1240° N,
Longitude: 91.8178° E). Immediately after collection, the
ejaculates were evaluated for volume, concentration and
initial motility. Semen samples having volume 1.0 ml or more,
mass activity 3+ or more and initial sperm motility of 70% or
more were utilized for the present study. The experimental
plan of study was duly approved by the Institution Animal
Ethics Committee of College of Veterinary Science, AAU,
Khanapara, Assam (Approval No. 770/ac/CPCSEA/FVSc/
AAU/IAEC/12-13/164).The semen sample was evaluated
for sperm membrane protein levels (Cheema et al., 2011),
cholesterol levels (Srivastava et al., 2013b) and ALT and AST
activity was estimated using a commercially available kit
method. The ejaculates found suitable were extended (1:10)
with Tris extender [Tris (hydroxymethyl) amino methane:
2.422 g; citric acid monohydrate: 1.36 g; fructose: 1.0 g;
penicillin G sodium: 1000 IU ml?; streptomycin sulphate:
100 mg ml%; double distilled water up to 100 ml] with 20%
egg yolk and 6.4% glycerol to yield approximately 60 million
motile sperm ml? (Foote, 1970). French mini straws (0.25
ml) of four different colours were used to fill the extended
semen. A particular colour of the straw was used for a
particular animal (bull). The straws were filled by suction
at room temperature. The straws were cooled gradually
to 5 °C @ 1 °C per 3 minutes with the help of crushed ice
cubes. One hour before the end of 4 hours equilibration
period, the straws were taken out of the water and wiped
dry using pre-cooled (5 °C) towels. After drying, the straws
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were arranged horizontally in a freezing rack and then
transferred into an insulated freezing container (thermocol
box) so that the straws were 4 cm above the level of liquid
nitrogen. Immediately after 10 minutes of freezing in liquid
nitrogen vapour, the straws were collected in a goblet full of
liquid nitrogen and transferred to a liquid nitrogen container
for storage. After 24 hours of storage in liquid nitrogen, the
frozen semen was thawed in warm water at 37 °C for 30
seconds and evaluation was done after that.

The data obtained from present study subjected to statistical
analysis and significance of difference was calculated by
using Duncan’s Multiple Range Test (SPSS software version
20.0) and presented as mean * standard error (SE).

Results and Discussion

The mean levels of sperm membrane protein (SMP) in
fresh, after equilibration and after freezing were 5.13+0.12,
3.95+0.10 and 3.83+0.11 mg/ 10° spermatozoa, respectively
(Table 1; Figure 1). As per report, in the course of capacitation,
sperm surface proteins are modified, added or removed
and an array of proteins have been shown to undergo
tyrosine phosphorylation in different species (Cheema et
al., 2011; Srivastava et al., 2013a) and in fertilization, these
mammalian sperm membrane proteins are also involved
in the penetration of cumulus matrix, recognition of zona
pellucida and fusion with the oocyte plasma membrane
(Bansal, 2010; Talukdar et al., 2016). In present study, the
mean level of sperm membrane protein differed significantly
(p<0.01) between the stages of evaluation, i.e., at fresh, after
equilibration and after freezing. The mean level of sperm
membrane protein was significantly (p<0.01) decreased
after equilibration and freezing compared with fresh. The
mean level of sperm membrane protein recorded after
equilibration and freezing in the present study was higher
than that reported by Dhanju et al. (2001). The alteration in
the sperm membrane proteins might be due to sub-lethal
damage that occurred during cryopreservation, leading
to loss of sperm surface proteins (Lessard et al., 2000;
Abdelnour et al., 2024), segregation of membrane proteins
(De Leeuw et al., 1990), inactivation of membrane-bound
enzymes and decreased lateral protein diffusion within the
membrane (Arunkumar et al., 2022).

The mean levels of cholesterol in fresh, after equilibration and
after freezing were 21.95+0.44, 18.27+0.40 and 14.74+0.60
ug/ 108 spermatozoa, respectively (Table 1; Figure 1). During
capacitation, the sperm enzymes get inactivated which
ultimately cause efflux of the cholesterol and influx of
Ca* through the plasma membrane and outer acrosomal
membrane and thus, resulting into acrosomal reaction
(Srivastava et al., 2013b). Various reports suggested an active
participation of the sperm plasma membrane in the process
of capacitation, mainly through the loss of cholesterol
(Talukdar et al., 2015). The cholesterol efflux during in vitro
capacitation increases the disorder of phospholipid packing
and results in increased bilayer permeability (Kadirvel et
al., 2009; Talukdar et al., 2016). Similar to physiological and
in vitro capacitation, a significant reduction of cholesterol
content after cryopreservation was observed in the present
study. The mean level of cholesterol differed significantly
(p<0.01) between the stages of evaluation, i.e., at fresh, after
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equilibration and freezing. The mean level of cholesterol
was significantly (p<0.01) decreased after equilibration and
freezing than fresh. The mean level of cholesterol recorded
after equilibration and freezing in the present study was
higher than the values reported by Kadirvel et al. (2009)
and Srivastava et al. (2013b). Membrane cholesterol has
stabilizing effect on spermatozoa membrane; hence, any
change in its content is expected to induce reorganization or

destabilization of the membrane as reported by Srivastava et
al. (2013a). The alteration in the cholesterol level might be
due to damage to their membrane during freezing (Chavda et
al., 2022). Cholesterol efflux leads to changes in membrane
design, increased bilayer permeability and fluidity that give
rise to the capacitated state of the sperm cells (Talukdar et
al., 2015b).

Table 1: Changes in sperm membrane protein, cholesterol, AST and ALT levels during cryopreservation of swamp

buffalo semen (n = 28)

Stage - Fresh Equilibrated Frozen-thawed F-value
Parameters {,
SMP (mg/ 10° sperm) 5.13°+0.12 3.95°+0.10 3.83°¢0.11 37.88"
Cholesterol (ug/ 10 sperm) 21.95°+0.44 18.27°+0.40 14.74°40.60 53.57"
AST (unit/ 10® spermatozoa) 12.63°+1.14 28.60°+1.71 57.20°+4.52 61.95™
ALT (unit/ 10® spermatozoa) 0.897+0.11 1.73°+0.21 4.00°40.20 75.42™

“Means with different superscripts within a row differ significantly (p<0.01)
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Figure 1: Sperm membrane protein (SMP) (mg/ 10° sperm),
cholesterol (ug/ 108 sperm) level of fresh, equilibrated and
frozen-thawed swamp buffalo spermatozoa

The mean AST activity was 12.63+1.14, 28.60+1.71
and 57.20%4.52 units/ 10® spermatozoa in fresh, after
equilibration and after freezing, respectively; while the
mean ALT activity was 0.89+0.11, 1.731£0.21 and 4.00+0.20
units/ 108 spermatozoa in fresh, after equilibration and after
freezing, respectively (Table 1; Figure 2). The mean activity
of AST and ALT differed significantly (p<0.01) between
the stages of evaluation, i.e., at fresh, after equilibration
and after freezing. The mean activity of AST and ALT was
significantly (p<0.01) higher after equilibration and freezing
than in fresh samples. The mean activity of AST and ALT in the
present study after equilibration was lower than the values
reported by Nath et al. (1996) and higher than the values
reported by Nagendrakumar and Kathiresan (2009). The
present values of AST and ALT after freezing were lower than
the values reported by Nath et al. (1996) and higher than
the values reported by Pratap et al. (1999) and El-Harairy
et al. (2011). The activity of transaminases (AST and ALT) is
a good indicator of semen quality. Good-quality semen was

characterized by lower AST and ALT activities, as reported
by Taha et al. (2000). This may be due to temperature shock
and sperm cell injury associated with freezing (Singh et al.,
1991), changes in mitochondrial sheath with loss of protein
from the mid-piece (Graham et al., 1974) and an increase
in cell membrane permeability with or without rupture
(Talukdar et al., 2015b).
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Figure 2: Aspartate Aminotransferase (AST) and Alanine
Aminotransferase (ALT) level of fresh, equilibrated and
frozen-thawed swamp buffalo spermatozoa (unit/ 10%
spermatozoa)

Conclusion

In the present study, it was observed that the mean levels
of sperm membrane protein (SMP), cholesterol were
significantly reduced (p<0.01) while preserving the Swamp
buffalo bull semen in Tris-egg yolk-citrate-glycerol extender.
The mean activity of AST and ALT were significantly (p<0.01)
increased after equilibration and freezing of Swamp buffalo
spermatozoa. It can be concluded that there was a breakage
of sperm plasma membrane, loss of membrane selective
permeability, change in membrane fluidity, leakage and
aggregation of phospholipids, proteins and enzymes.
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Future research on swamp buffalo semen aims to mitigate
cryocapacitation, premature capacitation-like changes
that reduce post-thaw viability. Key directions include:
(i) evaluating antioxidants (e.g., melatonin) to neutralize
oxidative stress; (ii) developing novel extenders and
cryoprotectants; (iii) assessing biomarkers of cryodamage
(e.g., specific proteins or enzyme leakage); and (iv)
correlating biochemical changes with actual conception
rates. Exploring these mechanisms will help preserve
membrane stability and boost artificial insemination success
rates in swamp buffalo breeding programs.
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