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Abstract

The experiment was conducted to study the sperm lipid peroxidation status and plasma membrane
integrity of frozen thawed buffalo semen treated with heparin binding protein (HBP). Buffalo semen
straws from 10 bulls were procured from Central Frozen Semen Production and Training Institute,
Hesseraghatta, Banglore-560088. The frozen straws were thawed at 37 °C for 30 seconds and emptied
into a 15mL sterile plastic centrifuge tube containing 1mL capacitation medium (control), addition of
25ug/mL (treatment 1), 50pg/mL (treatment I1) and 100pug/mL (treatment I11) of HBP. The contents were
incubated at 37 °C for 2 hours. The sperm LPO status was measured by production of malondialdehyde
(MDA) level. The MDA levels were significantly (P<0.05) low in HBP treatment | (1.34 pmol/ml +
0.08) and Il (1.23 pmol/ml + 0.06) and Il (1.21 pmol/ml + 0.03) when compared to control (1.85
pMol/mL £ 0.02). MDA levels did not differ significantly among different treatments. The sperm
functional membrane integrity was studied by hypo-osmotic swelling test (HOST). The functional
membrane integrity of spermatozoa in HBP treatment I, 11 111 and control were 59.20% + 0.90, 53.50% +
0.71,52.00% + 0.47and 51.50% = 0.73, respectively. Significantly (P<0.05), higher percentages of
spermatozoa were lost their plasma membrane integrity in HBP treatments as compared to control. It is
evident from this study that supplementation of HBP in capacitation medium reduces sperm lipid
peroxidation and destabilizes plasma membrane integrity.

Keywords: Heparin binding protein, lipid peroxidation, plasma membrane integrity, spermatozoa,
buffalo semen

Introduction
Indian buffaloes are an important source of milk supply today and yield nearly three times as
much milk as cows. In order to achieve the maximum production from these animals, it is
necessary that maximum number of females to be served with the semen from bulls of superior
genetic constitution. The fertility in bovines is directly correlated with the quality of
spermatozoa used for fertilization [, Though artificial insemination (Al) is already used as a
tool for the production of successful next generation calves in cattle, it is not so powerful tool
in case of buffaloes. Reduced efficiency of Al in buffaloes has necessitated to find out the
factors that contribute to the infertility. Several studies have been conducted in the past
decades in search of exact potential fertility markers in bulls ],
The influence of seminal proteins in male reproduction has drawn attention because many
studies proved that their expression is associated with fertility scores in dairy cattle I, beef
cattle “ and horses . Studies have proved correlations between non return rates of bulls and
seminal plasma proteins [% - &, Some of these proteins are bound to the sperm surface during
gjaculation and thus protein-coating layers are formed Pl In the female reproductive tract,
seminal plasma proteins bound to the sperm surface most probably participate first in the
formation of the oviductal sperm reservoir [*% 11 second, in the control of sperm capacitation
by the intensive action of negative (decapacitation factors) and positive regulatory
(capacitation-stimulating factors) factors, and finally in central fertilization events such as
sperm-zona pellucida interaction and sperm-egg fusion [*2 231,
A number of seminal plasma proteins have been investigated which act as molecular markers
of fertility in different species ', Proteins such as bovine seminal plasma proteins (BSP Al,
A2 and A3),heparin binding proteins (HBPs),osteopontin (OPN), fertility associated antigen
(FAA), prostaglandin D synthase, phospholipase A2, sperm adhesion Z13, clusterin (CLU)
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and heat shock proteins (HSPs) have been reported as markers
of fertility 4. HBP is one of seminal plasma proteins and has
been identified in bovine seminal plasma which are shown to
bind with sperm membrane and affect a series of events that
contribute to normal fertility, such as sperm capacitation 1%,
formation of the oviduct reservoir 11 and binding to the
oocyte 7],

HBPs have been associated with removal of cholesterol from
sperm membrane during capacitation (8, Cholesterol is
believed to limit protein insertion into the phospholipid
bilayer, to restrict lateral motility of membrane components
and to modulate the activity of membrane proteins by
changing their conformation [*°1. The ability of spermatozoa to
transport compounds selectively across its membrane is
essential for maintenance of sperm motility, induction of
acrosome reaction and other events associated with
fertilization and binding of the spermatozoa to the oocyte
surface 0. The integrity of sperm plasma membrane for
successful cryopreservation is important and it is well known
that rearrangement of sperm plasma membrane occurs during
freezing and thawing [?,

Cholesterol is recognized to have a stabilizing effect on
membranes 2 and changes in cholesterol level in the plasma
membrane over the middle piece and principal piece increases
the lateral mobility of membrane components 31, Exposure of
sperm for 4 h to BSP leads to about 25% cholesterol efflux
(241 Cholesterol efflux is expected to provoke reorganization
or destabilization of the membrane [?l.Spermatozoa itself
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produce small amounts of ROS that are essential for many of
physiological processes i.e. capacitation, hyperactivation and
sperm oocyte fusion 261, But, excessive levels can negatively
impact the quality of spermatozoa and impair the fertilizing
capacity ?71. Addition of H,O, causes significant increase in
LPO levels in frozen thawed bull spermatozoa and
supplementation of 28to 30 kDa HBP helped in controlling
the oxidative stress of sperm cells induced by H,0, 2,

Fresh spermatozoa with higher cholesterol content are
expected to resist destabilization of membrane following
cryopreservation. Since membrane integrity is altered with
cryopreservation, spermatozoa with more cholesterol content
will resist membrane damage . Hence, the study was
carried out to determine the effects of HBP on lipid
peroxidation status and plasma membrane integrity of frozen
thawed buffalo semen.

Materials and Methods

Materials

All the plasticware used for this study were purchased from
Tarson, India. All the glassware used in this study were
purchased from Borosil, India. All chemicals used in this
study were procured from Sigma-Aldrich chemicals Co.,
USA.

Methods
Capacitation stock solution

Capacitation stock solution / Sperm TALP was prepared as detailed below.

Components For 1000 mL (in mM)
Sodium chloride (NaCl) 114
Potassium chloride ( KCI) 3.2
Calcium chloride ( CaCl2.2H-0) 2.0
Magnesium chloride (MgCl,.6H20) 0.5
Sodium lactate ( 60% syrup) 1.86 ul/mL
Sodium dihydrogen orthophosphate (NaH2PO4.H20) 0.34
Phenol red 10pg/mL

Pyruvate stock solution

Sodium pyruvate

22mg/10 mL capacitation medium

Heparin stock solution

Heparin 5mg/10mL capacitation medium
Gentamicin stock solution
Gentamicin 50mg/mL in saline

All the stock solutions were filter sterilized (0.2 um) and stored at 4°C until use.

Capacitation working solution

Components For 10 mL
Capacitation stock solution 9.5 mL
Pyruvate stock solution 0.1 mL
Heparin stock solution 0.4 mL
Gentamicin stock solution 10 pL
Bovine serum albumin (Fatty acid free) 60 mg

The working solution was prepared freshly, filter sterilized
(0.2 pm) and pre-warmed at 37 °C for 30 minutes before use.
pH and osmolality of the stock and working medium were
maintained at 7.6-7.8 and 280-300 mOsm, respectively.

Sperm Preparation

Frozen semen straws from ten buffalo bulls were procured
from Central Frozen Semen Production and Training Institute,
Hesseraghatta, Banglore-560088. The straws were collected
in liquid nitrogen (LN, at -196 °C) container, transported and
stored in the semen bank of Madras Veterinary College,

Chennai- 600 007. The frozen straws were thawed at 37 °C
for 30 seconds and emptied into 15 mL sterile plastic
centrifuge tube containing 1 mL of capacitation medium and
treated as below.

Experimental groups and Method of treatment

Experimental Method of treatment
groups
Control Capacitation medium alone (sperm TALP)
Treatment | Capacitation medium + Heparin binding
protein (HBP-25ug/ml)
Capacitation medium +Heparin binding
Treatment I} protein (HBP-50pg/ml)
Capacitation medium +Heparin binding
Treatment 111 protein (HBP-100ug/ml)

The contents were incubated at 37 °C for 2 hours. After
incubation, sperm lipid peroxidation status and plasma
membrane integrity were assessed.
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Evaluation of Sperm LPO Status

Lipid peroxidation level of spermatozoa was estimated in
semen samples by measuring MDA production using TBA
with slight modifications in sperm concentration and
incubation time. The semen was thawed and washed twice in
Tris buffer by centrifugation at 500 g for 5 minutes. Then, the
sperm pellet was resuspended in 1 mL of PBS (pH 7.2) or a
variable volume of PBS to obtain a sperm concentration of
30x106/mL. Lipid peroxidation level was measured in
spermatozoa after the addition of 2 mL of TBA-TCA reagent
(15% w/v TCA and 0.375% w/vTBA in 0.25N HCI) to 1 mL
of sperm suspension. The mixture was kept in a boiling water
bath for 45 minutes. After cooling, the suspension was
centrifuged at 500 g for 15 minutes. The supernatant was
separated and absorbance measured at 535 nm under UV
spectrophotometer (Cecil CE 2021, 2000 series). The MDA
concentration was determined by the specific absorbance
coefficient (1.56x105/molcm-3) B,

) OD x 10° x total volume (3mL) oD x 30
MDA (uMol/mL) = _ =
1.56 x 107 x test volume (1mL) 1.56

Evaluation of Sperm Functional Membrane Integrity

100ul semen from each group was taken in a separate
Eppendorff tube and 500ul distilled water was added and
mixed properly. This solution was kept at 37 °C for 1 hour.
After 1 hour incubation, one drop of the well mixed sample
was placed on a clean grease free glass slide and covered with
cover slip. Spermatozoa were observed under 40X.
Spermatozoa with intact functional membrane showed coiled
tail and those without intact functional membrane showed

straight tail. A minimum of 200 spermatozoa were observed
[31]

Statistical Analysis

The statistical analysis was carried out by IBM, SPSS version
20.0 for windows. The percentage value of variables was
converted into Arsine value before performing one way
analysis of variance (ANOVA).

Results

Effect of HBP on Sperm LPO Status

The sperm LPO status was measured by production of
malondialdehyde (MDA) level. MDA levels in frozen thawed
capacitated buffalo semen samples of control and HBP
treatments are presented in Table 1. The MDA level in control
was 1.85 pMol/mL + 0.02 and in HBP treatment I, Il and IlI
were 1.34 pMol/mL + 0.08, 1.23 pMol/mL + 0.06 and IlI
(1.21 pMol/mL £ 0.03), respectively. MDA levels were
significantly (P<0.05) low in HBP treatments when compared
to control. Among HBP treatments, insignificant difference in
MDA levels was observed.

Effect of HBP on Sperm Functional Membrane Integrity

The sperm functional membrane integrity was studied by
hypo-osmotic swelling test (HOST). Table 2 shows that
40.80% £0.90 spermatozoa in control had lost functional
membrane integrity and in HBP treatment I, Il and IlI,
46.50% + 0.71, 48.00% =+ 0.47and 48.50% =+ 0.73
spermatozoa, respectively had lost functional membrane
integrity. Significantly (P<0.05), higher percentages of
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spermatozoa lost their plasma membrane integrity in HBP
treatments as compared to control. But, difference was not
significant among HBP treatments. However, 59.20% =+ 0.90
spermatozoa in control had intact functional membrane and in
HBP treatment I, Il and 111, 53.50% + 0.71, 52.00% + 0.47and
51.50% + 0.73 spermatozoa, respectively had intact functional
membrane. Significantly (P<0.05), higher percentages of
spermatozoa retained their plasma membrane integrity in
control as compared to HBP treatments. Again, insignificant
difference was noticed among HBP treatments.

Discussion

Effect of HBP on Sperm LPO Status

In this study, significant decrease in the level of MDA on
treatment with HBP was observed. This result showed that
HBP had a protective effect on spermatozoa by preventing
oxidative stress and thereby reducing LPO.

The MDA values obtained for frozen buffalo bull sperm in the
present study were in accordance with reported the values
ranging between 0.34 + 0.18 and 4.95 £ 0.31uMol/ mL in
frozen thawed bovine semen 2 and lesser than the reported
values of 8.00 = 0.31 puM/ml at immediate post thaw and 9.36
+ 0.36 uM/ml at 120 min post thaw incubation in buffalo
frozen semen (31, The elevated level of MDA concentration in
buffalo sperm in comparison with bull sperm might be due to
the fact that the sperm membrane of buffalo is rich in poly
unsaturated fatty acids (34,

The resumption of metabolic activity of the sperm cells after
freeze-thawing leads to generation of excessive ROS.
Activation of an aromatic amino acid oxidase enzyme from
dead sperm cells might be an additional source of ROS in
frozen thawed semen samples 3. Fertility associated proteins
helped in combating oxidative stress of sperm cells in bulls.
Exogenous addition of protein reduces MDA level because
the seminal proteins might counteract the lipid peroxidation
on dose dependent manner (561,

Seminal proteins added alone or with other compounds
showed a protective effect and accounted for an increase in
the sperm enzyme activity levels not only in the fresh sample
but also after freezing and thawing. Oxidative stress to the
sperm cells increased during incubation of frozen thawed
semen samples and the addition of fertility associated proteins
of sperm membrane helps in controlling the level of lipid
peroxides in frozen thawed semen samples 7. Hence,
addition of HBP to the capacitation medium would have
reduced LPO and generation of ROS in this study.

Effect of HBP on Sperm Functional Membrane Integrity
In this study, significant influence was noticed on functional
membrane integrity of spermatozoa by supplementing with
HBP. Higher percentages of spermatozoa in HBP treatments
lost the functional membrane integrity.

Loss of functional membrane integrity is due interaction
between HBP and heparin which leads to structural and
biochemical modifications in spermatozoa, such as changes in
membrane composition and fluidity [® 39 increased
intracellular 9, cytoplasmic alkalinization 4% 42 activation
of ion channels 3 44 and generation of reactive oxygen
species > 461 which are essential events in sperm capacitation
for subsequent acrosome reaction and successful fertilization.
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Table 1: Effect of HBP Supplementation on Sperm LPO Status of Frozen Thawed Buffalo Semen

Groups Malondialdehyde (uMol/mI+SE)
Control 1.852+0.02
Treatment | (HBP-25pg/mL) 1.34° +0.08
Treatment Il (HBP-50pg/mL) 1.23° +0.06
Treatment |11 (HBP-100pg/mL) 1.21°+0.03

Mean with different superscripts (a and b) in a column are significantly different

(P<0.05) between groups.
Data are presented as mean % * SE

Table 2: Effect of HBP supplementation on sperm functional membrane integrity of frozen thawed buffalo semen

Functional membrane Functional membrane non
Groups intact spermatozoa intact spermatozoa
(% £ SE) (% £ SE)
Control 59.202+0.90 40.80%+0.90
Treatment | (HBP-25ug/mL) 53.50°+0.71 46,500 +0.71
Treatment Il (HBP-50pg/mL) 52.00°+0.47 48.00° + 0.47
Treatment |11 (HBP-100ug/mL) 51.50°+0.73 48.50° + 0.73

Mean with different superscripts (a and b) in a column are significantly different (P<0.05) between groups.

Data are presented as mean % * SE

Conclusion

This study suggested that supplementation of HBP in
capacitation medium reduces sperm lipid peroxidation and
destabilizes plasma membrane integrity for subsequent sperm
capacitation, acrosome reaction and successful fertilization.
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