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Introduction

India possesses one fifth of theworld totd cattle (185.5 million) and more than haf of
the buffao population (97.6 million) which contribute significantly to the nationa wedth and

economy in the form of milk, mest, hide, manure and draught power. (Chakrabarti et al.,
2005). However, due to poor genetic make up of large nondescript livestock population
owned by rurd farmers, production of individud cow is very low. The atificid insemination
(Al) hasplayed amgor rolefor the past few decadesin the genetic improvement of cattleand
buffaoes by increasing seection intengties of maes and wide dissemingation of ther vauable
germ plasm after cryopreservation, but till the result is far behind than the expectation.

Although, research on semen preservation for Al purposes hasalong history over the
centuries, the problem ill lies with available cryopreservation technique especidly in cross
bred bull semen. The cryopreservation itself decreases motility and survivability of post thaw
spermatozoato about 50 per cent (Cormier and Bailey, 2003). Moreover, thereisa so variable
degree of morphologica, physiological and biochemicd dterationsin remaining population of
live spermatozoa making them unsuitable for optimum fertility. There are factors extrinsic or
intringc respongble for post thaw semen quality. Systematic studies on various aspects of
these factors are very much required for augmentation of fertility and productivity of Indian
livestock.

Bovine semind plasma contains factors, which may have ether beneficid and/or
detrimental effect to sperm function. Some of these factors are contributed by accessory sex
glands. These are proteinous'non proteinous but the nature and characteristics of most of

these factors are not well understood (Manjunath et al., 2008). Several accessory sex gland
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proteins are known to bind to the spermatozoa membrane and affect itsfunction and properties
(Yanagimachi, 1994). Various studies have shown that accessory sex gland secretions participate
in key events related to sperm function, fertilization, and embryo development in the femae
reproductive tract (Henault et al., 1995). However, evidence linking semind plasmaproteins
with fertility indices has been a mgor chalenge (Moura et al., 2006) now a days for
reproductive biologi<.

Therearethree mgjor classes of proteinsnamely the spermadhesins (Topfer-Peterson
et al., 1998), cysteine-rich secretory proteins (CRISP, Schambony et al., 1998) and Fn-11
typeproteinsin semind plaamaof ungulates, which interact with the sperm surface and participate
in gperm function (Topfer-Peterson, 1999). The Spermadhesinsfamily isrestricted to ungulates,
where asfamilies of cysteine-rich secretory proteinsand Fn-I1 proteins are expressed in mae
genitd tract of many mammaian species, indicating common role in fertilization (Manjunath
and Therien, 2002). In other speciestoo, the Fn-11 type proteins congtitute the mgjor semina
plasma proteins viz. horse (Menard et al., 2003), goat (Villemure et al., 2003) and bison
(Boisvert et al., 2003) that are characterized by their conserved gdlatin binding fibronectin-I1
(Fr-11) type module (Smith et d., 2000). Related proteins have also been identified in rat,
mouse, hamgter and human semina plasma(Leblondet al., 1993). These proteinsare secretory
products of the seminal vescles (Manjunath et al., 1987).

It is now wel established that bovine semina plasma proteins and their rdatives
represent anew super family of proteinsin mammals. They bind to sperm membrane choline
phosphoalipids (Desnoyersand Manjunath, 1992) and capacitation factors, namely high dengity
lipoproteins, heparin and glycosaminoglycans a eaculation (Chandonnet et al., 1990). The
interaction of bovine semina plasma proteins with spermatozoa results in the efflux of
phosphetidylcholine (PC) and cholesteral (from intracdllular to extra cdlular) which appears
to be an important step in the capacitation process, a necessary event before fertilization can
occur (Therien et al., 1998; Moreau and Manjunath, 1999). It has been established that
PDC-109 (BSP-A1/-A2) insemind plasmaisbeneficid during fertilizationinfemaereproductive
tract by inducing capacitation, zona binding and acrosome reection (Therien et al., 1998),
hyper-activation (Sanchez-Leungo et al., 2004) and by forming oviduct sperm reservoir
(Gwathmey et al., 2003). In contrast, these proteins dso induce changesin the sperm plasma

Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -15-
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membrane by continuoudy stimulating cholesterol and phosphalipids efflux (Therien et al.,
1997), thus have harmful effect on spermatozoa

Cholegteral has stabilizing effect on sperm membrane (Y eagle, 1985); hence its efflux
isexpected to provoke reorganization or destabilization of membrane (Manjunath and Therien,
2002). The integrity of the plasma membrane is important for the spermatozoa to withstand
harmful effect of cryopreservation process. Exposure of spermatozoafor 4 hto bovine semina
plasma proteins leads to about 25 percent cholesterol efflux (Moreau and Manjunath, 2000).
Thus, the continuous exposure of spermatozoa to seminad plasmais detrimenta to the sperm
membrane, which may render the membrane very sendtiveto sperm storagein liquid or frozen
dates (Viswanah and Shannon, 1997). The epididymal spermatozoa are more resistant to
cold shock than gaculated spermatozoa and this character is cellular and not influenced by
fluid environment in which spermatozoa are suspended. Trangit of spermatozoafrom caudato
gaculate renders them susceptible to cold shock (Ladey and Bogart, 1944) which may be
due to prolong effect of BSP proteins on spermatozoa. Arangasamy (2003) reported that
prolonged exposure of spermatozoa to higher doses of HBP had detrimental effect on
spermatozoamoatility and membraneintegrity. The damage was dose dependent with the higher
doses showing higher damages. Therefore, BSP proteinsin semind plasmaact like adouble-
edged sword, being both beneficid and detrimenta to sperm.

The hypothesis that there is a strong need to undertake work on sequestration of
semind plasmaprotein PDC-109 from the g aculate a thetime of collectionitsaf was supported
by inference from experimenta work of Nauc and Manjunath (2000). They quantified the
BSP proteinsin bovine semind plasma (Holstein breed) on gaculated sperm membrane and
a 5o on frozen thawed spermatozoa by Radio Immune Assay. Theresult indicated that 31.4 to
46.7 mg/ml of BSP proteins are present in semind plasma (total protein fractions 75.5t0 93.0
mg/ml) and the mgjor BSP protein was BSP-A1/-A2 (PDC-109). The averageratio of BSP-
A1/-A2, BSP-A3 and BSP-30 kDa was 10:1:1 respectively. In the same experiment, the
result showed that al three BSP proteins were present in the sperm membranes even after
several washings and represented aratio of 4:1:1 for BSP-A1/-A2, BSP-A3 and BSP-30
kDa respectively. Smilarly, the average ratio of BSP proteins in frozen-thawed sperm was
3:1:1for BSP-A1/-A2, BSP-A3 and BSP-31 kDarespectively. Abovefindingsclearly indicate

Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -16-
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that athough egg yolk used in semen extenders binds with BSP proteins and causes its
sequedration (Singh et al., 2007), even then the egg yolk mediated sequestration isnot complete
to prevent cryocapacitation during preservation of semen at ultralow temperature. Also it is
possiblethat the lipoproteinsin egg yolk facilitate the non regulated cryocapacitation (Cormier
et al., 1997). Thisnecessitatesto evolve technique for sequestration of BSP proteinsfrom the
gaculate at the time of collection itself and to assess its effect on fertilizing ability of frozen
thawed spermatozoa.

It is, therefore hypothesized that detrimental effect of PDC-109 (major congtituent of
BSP proteins) on the spermatozoa during cryopreservation process could be minimized to
certain extent by sequestration of PDC-109 from the g acul ate at the collection time aswell as
during processing. Thus the remaining concentration of PDC-109 in semind plasmawill exert
minimum detrimental effect during cryopreservation process. The available literatures so far
reved noinformation on thisagpect hence the proposed experiment was designed with following
objectives:

1 Sequestration of PDC-109 at semen collection aswell as during processing.

2. To investigate the effect of sequestrated semen on minimization of cryo

damagesand in vitro fertilizing ability of sper matozoa.

25 &5 25
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Seminal plasma proteins

Inbovines, ssmind plasmaproteinspartly originate from the blood plasmaby exudation
through the lumen of themale genita tract, and partly synthesized and excreted by testis (Kato
et al., 1985), epididymis (Turner and Reich, 1987), vas deferens (Feng et al., 1995) and
semind vesdes (Manjunath et al., 1994). Aumuller et al. (1988) reported that most of the
proteins of semina plasma are secretory products of the semind vesicle. The semind vescle
secretion condtitutes aportion of semind plasmaon gaculation and influences the metabolism,
motility and surface properties of spermatozoa (Peitz, 1988) thus influencing the fertilizing
ability. Henault and Killian (1996) hypothesized that one could improve the fertility of sub
fertile permatozoa by combining them with semind plaama obtained from a highly fertile bull
semen. Further, Amann et al. (1999) reported that a peptide derived from the semind plasma
protein (progposin) can increase the fertility of bovine spermatozoa.

2.1 Protein content in bovine seminal plasma

Electrophoretic profile of semind plasma of cettle and buffaloes showed 7 to 10 and
9 to 12 different proteins, repectively. Albumin and immunoglobulin were identified in the
semind plasmaof both cattle and buffaloes. At least 410 6 proteinsin the sesmina plasmawere
antigenically smilar to those in the blood serum whereas 5 to 6 and 6 to 7 proteins were
gpecific to cattle and buffalo semind plasma respectively (Kulkarni, 1985).

The average totd protein concentration in semind plasma was 11.6, 8.7, 10.3 and
10.7 gmg/2100 ml in Sindhi, Jersey, Jersey x Sindhi and Sindhi x Friesian bulls respectively
(Seshagiri and Pattabhiraman, 1991). Kulkarni et al. (1995) reported mean values of tota
proteinsin semind plasma5.63 £ 0.23 (2.810 8.7) and 2.43 + 0.08 (0.6 to 3.7) gms/100 ml
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in cattle and buffalo, respectively.

The overadl mean vaues of totd protein, heparin-binding (HB) and gdatin-binding
proteins were recorded as 29.0 = 2.7, 2.61 and 0.2 mg/ml respectively in Murrah buffaloes
(Arangasamy et al., 2005). Nauc and Manjunath (2000) reveded that in Holstein bull semen
BSP proteins represented 40 to 57 per cent of thetotal seminal plasma proteins (25 to 47 per
cent of BSP-A1/-A2, 3to 5 per cent of BSP-A3 and 3to 7 per cent of BSP-30 kDa) and 4
to 6 per cent of sperm total protein (2.5 to 4 per cent of BSP-A1/-A2, 0.4 to 0.9 per cent of
BSP-A3 and 0.5to 1 per cent of BSP-30 kDa). The concentration of PDC-109 has been
reported to be 15 to 20 mg/ml in bovine semind plasma (Cdvete et al., 1994).

2.2 Heparin-/gelatin-binding proteinsin seminal plasma

Severd sudiessuggest that semind plasmacontainsfactorsthat modulate thefertilizing
ability of spermatozoa. A number of factors in semind plasma have been investigated like
heparin binding protein (Miller et al., 1990), clusterins, heat shock proteins, acrosin and many
other unidentified proteins as molecular fertility markers (Kulkarni et al., 1996). HBP are
abundant on the surface of gaculated spermatozoa but are less abundant on the plasma
membrane of epididymal spermatozoa (Miller et al., 1990). Phelpsand Ax (1992) found that
digtribution of HBP on sperm surface to be 1) over the anterior tip of the head, 2) patches
localized to the equatorid region and 3) over the entire head. The phosphorylcholine containing
phospholipids, to which the HBP are supposed to bind, congtitute more than 73 per cent of
total lipids present in the plasma membrane of bovine sperm (Clegg and Foote, 1973).

Miller et al. (1990) described three groups of semina plasmaheparin-binding proteins
with molecular weight of 14 to 17, 24 and 30 kDa. Proteins of 14 tol7 kDahad pl of 4.1to
6.0 and were associated with sperm membrane and fertility. One of the heparin-binding proteins
that bind to spermatozoa had amolecular mass of 30 kDawhich is synthesized by the semind
vescleand prostate glands (McCauley et al., 1999). It was observed that this 30 kDa protein
has sequence smilarity to DNase -1 and has been termed Fertilization Associated Antigen
(FAA). Another HBP with a molecular mass of 24 kDa was supposed to be related with
fertility. Thisprotein hasan amino acid sequence rdated to tissue inhibitor of metalo proteinases
-2 (McCauley et al., 2001).

Chandonnet et al. (1990) reported the ability of these proteins to bind to heparin as
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well as gelatin. These proteins are secretory products of semind vesicles (Manjunath and
Sairam, 1987) and werefound to modul ate sperm properties (Bdllinet al ., 1988).The presence
of HBP on sperm membrane was indicative of the fertility potentid of the bulls. Bulls with
detectable quantity of HBP on sperm membrane were 11 percentage points more fertile than
bullswith undetectable quantity of HBP on sperm membrane (Bellinet al., 1995). Thedifference
in bull fertility may be related to production and secretion of high affinity HBP complex into
semind fluid and/or the ability of sperm to bind and incorporate these complexesin its plasma
membrane. HBP were found to modulate capacitation and zona binding ability of buffalo
epididyma spermatozoa (Arangasamy et al., 2005).

2.3 Bovine Seminal Plasma (BSP) proteins

Themgor protein fraction (40 to 57 per cent) of bovine semind plasmaisrepresented
by afamily of phospholipids-binding proteins collectively caled as BSP proteins (Therien et
al., 1995). Thethreemgor heparin-binding acidic proteins secreted by semind vesicles(Gerwig
et al., 1996) in bovine semina plasma are BSP-A1/-A2, BSP-A3 and BSP-30 kDa
(Manjunath and Sairam, 1987). BSP-A1 and BSP-A2 are amiilar but differ only inglycosylation
and their mixtureis called PDC-109 or gonadodtatins (Esch et al., 1983). BSP-A3 does not
contain any carbohydrate whereas BSP-30 kDa is dso a glycoprotein (Manjunath et al.,
1988). The molecular weight of BSP-A1, BSP-A2 and BSP-A3 are between 12 and 15 kDa
whereas the mass of BSP-30 kDa protein is 30,000 Da (Manjunath et al.1987). BSP-A3is
homologousto BSP-A1/-A2 (PDC-109) with 70 per cent sequenceidentity including presence
of two tandem Fn-11 domains (Seidah et al., 1987). The structure of each BSP protein contains
two tandemly arranged homol ogous domainsthat are smilar to thetype |1 structure present in
the collagen-binding domain of fibronectin (Cavete et al., 1996,b). This structura property
dlows BSP proteins to bind heparin, gdatin (Cardin and Weintraub, 1989), high density
lipoprotein (HDL), choline phosphalipids and low-dengity lipoprotein fraction (LDF) from
hen’segg yolk (Therien et al., 1997).

During normal course of mating in mammals, spermatozoa migrate to the ste of
fertilization within minutes of gaculation after serialy undergoing process of cgpacitation,
acrosome resction, hyper activation and zona binding for successful union of gametes. These

changesinclude reorganization of membrane proteins, metabolism of membrane phospholipids
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and reduction in membrane cholesteral leve (Y anagimachi, 1994). These are thought to aid
sperm movement towards oviduct as well as enable spermatozoa to move away from the
oviductd epithdium (Demott and Saurez, 1993) and to provide the motive thrust needed for
penetration of the zonapdlucida(Rathi et al., 2001). A recent report demonstrated that BSP-
A1/-A2 (PDC-109) proteins enable spermatozoa to bind to the oviductal epithelium and
playsamgor rolein the formation of the oviducta spermatozoa reservoir (Gwathmey et al.,
2003).

Semind plasmacontains BSP-homol ogous proteinsin avariety of mammalian species:
such as pB1 (Calvete et al., 1995 b), HSP-1, HSP-2 and HSP-12 kDa, (Calvete €t al.,
1995 g) and GSP-14 kDa, GSP-15 kDa, GSP-20 kDaand GSP-22 kDa (Villemoureet al .,
2003) in boar, sdlion and goat respectively. BSPlike antigens are aso present inrat, hamster
and human semind plasma (Leblond et al., 1993).

2.3.1 BSP-A1/-A2 (PDC-109)

BSP-A1/-A2 or PDC-109 was named following the nomencl ature system of Tatemoto
and Muitt (1980). The nomenclature is based on their amino (N-) and carboxy (C-) termina
amino acids (one letter system). PDC-109 therefore designates “the peptide (P) having N-
termind aspartic acid (D) and C-termind cysteine (C) with 109 amino acids’.

Purification and primary structure determination of PDC-109 have been reported
(Eschet al., 1983). It isapolypeptide of 109 amino acidsand containstwo tandemly repesating
fibronectin type-Il (Fn-11) domains, preceded by a23 residueN-termina domain. Thisprotein
IS present at about 15-25 mg/mL concentration in the semina plasma (Scheit et al., 1988).

Binding of PDC-109 with sper matozoa plasma membrane

Manjunath et al. (1988) reveded that BSP proteins bind to the plasma membrane of
spermatozoa. Around the sametime Aumuller et al. (1988) reported that the major protein of
thebovine semind plasma (PDC-109) bindsto the surface of the spermatozoa. Freshly gaculated
and washed spermatozoabind approximately 9.3 x 10° moleculesof PDC-109 per cdll (Cavete
et al., 1994). PDC-109 was detected on gjaculated sperm by indirect immunofluorescence
and Western blots, but it was not detected on epididyma spermatozoa. Purified PDC-109
when added to the epididyma spermatozoa bind to the plasma membrane overlying the
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acrosome (Gwathmey et al., 2003). This was demonstrated by using indirect
immunofluorescence and by labeling sperm directly with fluorescein-conjugated PDC-109.
Sanchez-Luengo et al. (2004) suggested that PDC-109 aso bindsto the mid piece of sperm
once they pass the ampulla of the vas deferens during emission.

Asdemongrated by Muller et al. (1998), binding of PDC-109 to membraneisavery
rapid, biphasic processwith haf times of less than one second. Maxima binding of PDC-109
to smd| unilamelar vesicles was achieved with a stoichiometric ratio of 10-11 PC molecule/
PDC-109 molecules. Gasset et al. (2000) found maximal binding of PDC-109 to
phosphatidylcholine modd membranes at a 12:1 phosphatidylcholine to protein molar ratio.
The process was independent of the membrane structure and involved adight conformationdl
change of the protein.

PDC-109 vis a visoviduct spermatozoa r eservoir

Experiments conducted by Gwathmey et al., (2003) reveded that Sgnificantly fewer
epididymal than gaculated spermatozoa bind to explants of oviduct epithelium. Addition of
PDC-109 to epididymal spermatozoa increased epithelia binding to the level observed for
gaculated sperm. In addition, binding of gaculated sperm to oviduct epitheium was inhibited
by addition of excess soluble PDC-109. Ejaculated spermatozoa lost the ability to bind to
oviduct epitheium after heparin-induced capacitation, but trestment with PDC-109 restored
binding. In vivo, loss of PDC-109 from spermatozoa during capacitation could therefore
account for release of spermatozoafrom the oviduct reservoir. Thelossof PDC-109 could be
initiated in vivo by an increase in heparin like glycosaminoglycans in the oviduct (Parrish et
al., 1989) or by follicular fluid entering the oviduct with the cumulus mass. These results
demondirated that PDC-109 enables spermatozoa to bind to oviduct epithelium and plays
mgjor rolein formation of the bovine oviduct sperm reservoir necessary for fertilization. It has
been shown in numerous studiesthat the binding of sperm to the oviduct presentsamechanism
for selecting competent sperm population characterized by morphology, matility, membrane
integrity, cytosolic cacium levels, sperm protein tyrosine phosphorylation, capacitation and a
high fertilizing competence (Gudltieri and Tdevi, 2003).
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PDC-109 vis a vis sper matozoa hyper activation

PDC-109 binds to the choline group of phosphorylcholine-containing phospholipids
in a very rapid process (Muller et al., 1998). Interaction of PDC-109 with artificial
phosphorylcholine vesicles provoked permesatiility changesand partid disruption of thevesicles
(Gasset et al., 2000). Thereby, it imulates cholesteral after binding to the sperm membrane
and phospholipids efflux in the early stages of capacitation (Manjunath and Therien, 2002).
Furthermore, it binds to choline lipids, thereby increasing the heparin-docking sites on the
spermatozoa surface (Therein et al., 1999).

Sanchez-Leungo et al., (2004) described a novel biochemica feature of PDC-109
during its interaction with bovine epididyma spermatozoa. Studying the activity of plasma
membrane-bound calcium ATPases in bovine spermatozoa, they found a strong stimulatory
effect of PDC-109 on spermatozoa moatility. This effect was dose-dependent, saturable, and
potentidly irreversble on gperm plasma membrane ATPases, resulting in increased matility of
the spermatozoa. Preincubation of PDC-109 at temperature above 37°C and pH ranging
from below 6.5 and above 8.5 led to loss of the stimulatory effect. Suarez and Ho (2003)
indicated that increased free calcium plays amgor role in regulating hyper activated matility.
They further showed that dthough hyper activation and capacitation occur Smultaneoudy,
both events are regulated by different pathways.

PDC-109 vis a vis sper matozoa capacitation and acr osome reaction

Thebiochemica characteristics of BSP proteins have been well described (Manjunath
et al., 1988). These bind to spermatozoa membrane choline phospholipids a gaculation
(Desnoyers and Manjunath, 1992) as well as capacitation factors such as HDL and heparin
(Manjunath et al., 1989), and potentiate spermatozoa capacitation induced by HDL and
heparin (Therein et al., 1995). The binding of PDC-109 to spermatozoa membrane increase
the number of heparin binding sites on the spermatozoa surface and binding of heparin to these
sites induce capacitation (Visconti and Kopf, 1998).

Capacitation of bovine spermatozoaby Glycosamino-glycans (GAGs) isstimulated at
amaturationa step induced by semind plasma. Ejaculated spermatozoarequire 9 h of incubation

with GAGs to undergo acrosomd exocytoss without addition of zonae pellucida, whereas
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epididyma spermatozoa require 22 h (Lee et al., 1985). A 20-min exposure of epididymal
spermatozoa to semina plasma reduces the time required for the acrosome reaction to 9 h
(Lee et al., 1985). The exposure of epididyma spermatozoa to semina plasma in vitro
enables those spermatozoa to be capacitated by heparin and to respond to zonae pdlucida
with anincreasein acrosome reactionsin amanner smilar to g aculated spermatozoa (Florman
and Firg, 1988). These findings suggest that BSP proteins present in semind plasmamay be
responsible for capacitation and acrosome reaction of spermatozoa. However, PDC-109
does not actudly induce capacitation per se but rather enhances capacitation in the presence
of high-dengty lipoproteins, such as those found in bovine follicular fluid (Manjunath et al.,
1989; Therien et al., 2001). Thus, PDC-109 would not initiate capacitation until promoters

are avalable in the oviduct.
PDC-109 vis a vis sper matozoa cholesterol efflux

During thetrandt through thefemde genitd tract, mammadian gpoermatiozoamust undergo
the process of capacitation and acrosome reaction before successful fertilization of the ovum
(Chang, 1951). Sperm capacitation is a multi step process that is not well understood and
involves severd biochemical and ultrastructura changesin the sperm membrane. Many studies
have shown that sperm capacitation isaccompanied by achangein thelipid compogtion of the
gperm plasma membrane (involves a decrease in the membrane cholesterol: phospholipids
ratio, Davis, 1981). These changes gppear to be areversble phenomenon that influencesthe
fluidity and ionic permegbility of the sperm membrane (Langlais and Roberts, 1985). Severd
studies have demongtrated that cholesteral influx reduces the rate of spontaneous acrosome
reacted spermatozoa(Davis, 1980; Heming and Y anagimachi, 1981) and dsoinhibit fertilization
by ether inhibiting or delaying capacitation in bovines (Ehrenwad et al., 1988 a). They have
aso shown that the efflux of membrane cholesterol leads to bovine sperm capecitation and
predisposes the spermatozoa to penetrate ova a a higher rate than those spermatozoa with
higher cholesteral leves.

During capacitation cholesteral is lost from the sperm plasma membrane and when
aufficient cholesteral isremoved the membrane becomes ungtable, enhancing its ability to fuse
with the outer acrosoma membrane, resulting in the acrosome reection (Nolan et al., 1992).

During atypica freeze-thaw cycle, the soerm membrane must undergo phase trangition during
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cooling and again a reewarming. Holt et al. (1992) obtained some evidence that phase
trangtions might beinvolved in the manifestation of cryoinjury during therewarming of cdlsat
thawing. Besides causing physica disruption of the plasmamembrane by theinduction of lipid
packing, lipid phase trangtion effects cause non-linear kinetic responses in some enzymes,
including some of the membrane ATPases whose activity depends upon the physica Sate of
annular lipids (Kimelberg, 1977). It is likely that such effects are partly respongble for the
poor control of intracellular calcium concentration, which is evident at temperature below
17°C (Baley et al., 1994). Moreover, the cryopreserved spermatozoa membrane has to
undergo smilar fluidity changes to those seen during capacitation. They are permegble to
cacium ions which promote both capacitation and the acrosome reaction. These changesin

the sperm membrane cause limited survival of capacitated spermatozoa (Watson, 1995).

In non-capacitated spermatozoa, cholesterol isdistributed over the entire sperm head,
but after induction of the acrosome reaction, cholesterol redistributes from the equatoria to
the apical region of the sperm head. Davis (1981) reported that in gaculated spermatozoa,
coating substances and other components of semina plasma occupy the acrosomal region of
the sperm head and have to be removed before capacitation can occur. Rate of capacitation
depends ontherate of cholesterol depletion from the sperm plasmamembrane (Gaddlaet al .,
2001), thus, spermatozoa with high cholesterol content (e.g. spermatozoafrom man, bull and
galion) are dow to undergo capacitation whereas Spermatozoawith lower cholesterol content
(e.g. from boar and ram) seem to capacitate much faster (Witte and Schafer-Somi, 2007).

Therefore, if compounds that increase cholesterol remova from sperm membranes
such as BSA or cyclodextrins containing no cholesterol are added to the medium, sperm
capacitation is enhanced (Visconti et al., 1999). Much of cryopreserved sperm damage
depends on the structurd stability of the plasma membrane (De Leeuw et al., 1993). The
susceptibility of the plasma membrane to undergo lipid phase trandtions during cooling is
inversdly related to the level of cholesterol present. Lower cholesterol levels are present in
boar and ram spermatozoa, which are consdered to be senstive to cooling than in rabbit and
human spermatozoa that are less susceptible (Gaddla et al., 2001)

Thenet cholesteral efflux that isobserved during capacitation isaffected by the capacity
of the medium to bind cholesterol. Many studies have shown that dbumin (Daviset al ., 1980)
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and high-dengty lipoprotein (HDL, Ehrenwadet al ., 1990) are acceptor of cholesterol. HDL,
the only classes of lipoprotein present in bovine as wdl as human oviduct and fallicular fluid
appearsto be amore efficient acceptor of cholesterol than abumin (Ehrenwald et al., 1990).
Therefore, HDL appearsto play animportant rolein the sperm sterol modification that occurs
during at an early stage of capacitation.

Muller et al. (2002) studied theinteraction of PDC-109 with cholesterol by employing
spin-labelled and ogues. It was found that PDC-109 does not interact directly with cholesterol
molecules. However, in the presence of phospholipids, astrong reduction of cholesterol motion
by PDC-109 was observed. The sdlectivity observed for the phosphocholine-containing lipids,
phosphatidylcholine and sphingomydin, is the highest among other lipids for their interaction
with PDC-109 (Thomaset al., 2003). The binding of Lysophosphetidyl choline (LPC, anegg
yolk lipid) to PDC-109 is 250-fold stronger than that of phosphorycholine, thesmaler negative
entropy of binding associated with LPC resulting in its significantly stronger binding to PDC-
109 (Anbazhagan and Swamy, 2005).

Cholegteral at aconcentration of 1 ug/ml in semenisabletoinhibit spontaneousacrasome
resction. It is present in sperm plasma membrane (13 nmol/10° cells in human spermatozoa)
aswell asin human semind plasmaat therate of 250 pg/ml (Rethi et al., 2001). Widevariation
between bulls as well as between gaculates has been reported by various workers. The
cholesterol content of bull spermatozoavariesfrom 7.87 to 16.75 g per 50x10° spermatozoa
(Snhaet al., 1996). Therien et al. (1998) reported cholesterol content of 720 + 41 pg/
50x108 spermatozoain bull. Kadirvel (2006) reported mean cholesterol content as9.92 + 1.6
and 5.38 £ 1.85 ug/50x10° spermatozoain fresh and frozen thawed semen samplesin buffalo
bulls repectively. Therien et al. (1995) observed that amount of cholesterol did not change
up to 48 h of storage at 4°C but phospholipids content of spermatozoa decreases by 30 per
cent between 1 h and 24 h of storage and consequently the cholesterol phospholipids ratio
increases from 0.19 to 0.28 between 1 h and 48 h of storage.

Harshan (2007) observed thet trestment of spermatozoawith PDC-1091edtoanincreased
cryoinjury. The damage was dose dependent with the higher doses showing higher damages.
Dhami et al. (2004 a) observed that the total cholesterol in semind plasmawas highest in cross-
bred in comparison to Gir bulls (45.93 + 12.58 vs. 31.87 + 2.39 mg per cent).
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Detrimental effect of PDC-109 on sper matozoa

The biochemical characteristics of PDC-109 have been well described by Manjunath
et al. (1988). Thisbindsto sperm membrane choline phosphalipids at gaculation (Desnoyers
and Manjunath, 1992) as well as capacitation factors such as high density lipoprotein (HDL)
and heparin (Manjunath et al., 1989). This potentiates sperm capacitation induced by HDL
and heparin (Therien et al., 1997) and is beneficid for spermatozoa function. In contrast,
recent studies show that the PDC-109 induces changes in sperm plasma membrane by
gimulating cholesterol and phospholipids efflux (Therien et al., 1999). This lipid efflux by
PDC-109 is time and concentration dependent. At higher concentration of PDC-109 (j.e.
semina plasma) and/or longer exposure (as in modulated semen), more cholesterol and
phospholipidsareremoved. Theremova of lipids, particularly cholesteral, resultsin spermatozoa
membrane destabilization. Evidence shows that the decrease in cholesterol content in plasma
membrane al o gppearsto decrease permatozoares stance to cold shock and freezing (Darin-
Bennett and White, 1977). It is obvious that prolonged exposure of spermatozoato semina
plasmathat contains PDC-109 has ddl eterious effect on spermatozoa. Therefore PDC-109in
semind plasmahasthe potentia to act asboth beneficid and detrimental factorsto spermatozoa
depending on its concentration in semina plasma and exposure time.

2.3.1.1 Isolation and purification of PDC-109

Semind plasma protein PDC-109 has been purified and characterized by various
workers (Esch et al., 1983; Aumuller et al.1988; Calvete et al., 1996 b).

Miller et al. (1990) described method of isolation for HBP using heparin-Sepharose
affinity chromatography. Activation of Heparin-Sepharose column wasdone using citrate buffer
and equilibrated with phosphate buffer containing 2mM EDTA followed by addition of clear
semind plasma. The unabsorbed proteins were washed with same equilibration buffer. The
unbound proteinswereduted as 3 ml fractionswith 20 ml of sameequilibration buffer containing
1M NaCl.

Manjunath et al. (1987) isolated BSP-A1/-A2, BSP-3, and BSP-30 kDa proteins
usng Geain-Agarose affinity chromatography. The absorbed fractions were resolved on
Sephadex G-75 and G-200 columns under the specific conditions and the BSP proteinsisol ated
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by this procedure were lipid-free (Manjunath and Sairam, 1987). The purity of the proteins
(yield 90 to 95 per cent) was assessed by SDS-PAGE (Laemmli, 1970). For isolation of BSP
proteins Manjunath et al. (2002) carried out get filtration chromatography on a Sepharose
CL04 column (70x 2.5 cm) equilibrated with PBS at a flow rate of 80 mi/h. After a40-min
interval, fractions of 3 ml were collected and the absorbance was determined at 280 nm.

Other workershave dsoisolated semind plasmaprotein PDC-109 following different
protocol with greater degree of purity. Calvete et al. (1996 a) used size-exclusion
chromatography of semind plasmafor isolation and the peak containing PDC-109 was applied
to a DEAE-Sephadex A25 column. At high sdt concentration only PDC-109 wasretained in
the column due to its reported affinity for akyl groups (Desnoyers and Manjunath, 1993).

A combination of heparin affinity chromatography and DEAE ion exchange
chromatography was aso used by Gasset et al. (1997). Semind plasmawas applied onto a
Heparin-Sepharose column and bound proteinswere € uted with 10mM o-phosphorylchaoline.
The euted proteins were extensvely didyzed againg 20 mM TrisHCL buffer (pH 6.4)
containing 1 M NaCl, and loaded on a DEA E-Sephadex column. The column was washed to
remove the unbound proteins. PDC-109, which is the only protein retained under this ionic
srength was eluted with 10 mM o-phosphorylcholine.

Gwathmey et al. (2003) aso isolated and purified PDC-109 from bull semind plasma
following above method.

2.3.1.2 Sequestration of PDC-109 from gaculate

Therole of glyceral in cryopreservation isthat it contributes to spermatozoa integrity
conservation (Anchordoguy et al., 1987); however the protection afforded by egg yolk is
more complex. The egg yolk has been shown to increase the spermatozoa fertilizing ability
when present in extenders for semen storage a ambient temperature (Phillips and Lardy,
1940) and appears to prevent spermatozoa cell damage at cooling and freezing (Ladey and
Mayer, 1944). Various components of egg yolk have been investigated to identify the most
active component (s) responsible for protective effect (Watson, 1976). Evidence indicates
that low-dengty lipoprotein fraction (LDF), shows the highest protective ability, however the
mechanism by which this protection is provided to sperm remainsdusive. It is speculated that
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L DF associates with sperm membranes and provides protection against membrane damage.
Viswanath et al. (1992) suggested that EY lipoproteins compete with detrimenta semind
plasma cationic peptidesin binding to the soerm membrane and thus protect the spermatozoa.
The average concentration of BSP proteinsin semen is 35 to 50 mg/ml (Nauc and Manjunath,
2000) and of LDF in 20 per cent egg yolk is10to 15 mg/ml (Manjunath et al., 2002). Semen
isnormdly diluted 10 times or higher (20 per cent) with egg yolk containing medium (EYTG
extender) prior to cryopreservation. At thisdilution, most of the BSP proteins may be associated
with LDF. However, cholesteral efflux by BSP proteins may start well before extenders
containing EY isadded, necessitating sequestration of BSP proteinsat thetime of collection of
gaculate itdf.

Although no work has been reported on this aspect, several workers raised hyper
immune sera containing polyclona antibodies against PDC-109 (Gwathmey et al., 2003) for
their gudiesin formation of oviductd reservoir. Similarly, Nauc and Manjunath (2000) raised
polyclonal antibodies to develop RIA for quantification of BSP proteins.

2.4 Physico morphological characteristics
2.4.1 Semen volume

Volume of semen ranges from 1 to 15 ml with an average of 4 ml in bulls (Roberts,
1982). Under usud breeding conditions, the volume of semen in males does not change much,
but the volume may be influenced by factors like body weight, age, pre-coital stimulation and
frequency of semen collection and scrota size. With the advancement of age of bull and
scrotd Sze and weight, there is a gradud increese in the gaculate volume (Tomar et al.,
1985).

Various workers reported varying amount of gjaculate volume for different breeds of
bulls. Mighraet al. (1989) reported an average volume of 5.19 £+ 0.27 ml in four cross bred
bullswith varying levels of inheritance (Sahiwa x Jersey x Holstein x Red Dane). Sagdeoet al.
(1990) reported an average volume of 3.06 ml and 3.55 ml in Jersey and Holstein crosses,
respectively ascompared to 2.79 ml in purebred Jersey. An average g aculate volume of 3.92
+ 0.24 ml in freezable semen samples of crossbred bulls was dso observed by (Loyi, 2008).
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2.4.2 Mass activity

Massactivity of ssamenisoneof the most common semind atributes used for assessng
itsqudity duetoitssmplicity (Mishraand Tyagi, 2006). Kjaestad et al . (1993) found significant
relaionship between moatility and field fertility whereas Sdisbury et al. (1978) reported that
themotility of fresh spermatozoadoesnot predict either thefertility or the freezability of semen.
Mass activity is Sgnificantly and pogtively correlated with the spermatozoa concentration,
initia motility and live spermatozoa per cent (Patd et al., 1989). Variation in mass activity may
aso be influenced by the season (Tomer et al., 1985).

Mass activity is dso conggtently higher in the pure breeds than their crosses (Surya
Prakasam and Rao, 1993). Mishra et al. (1988) reported average mass motility of 4.06 +
0.13 in three breed crosses (Jersey x Holstein x Sahiwa). Mohanty (1999) recorded much
lower mass activity both in good (2.15 + 0.09) as well as in poor (1.85 + 0.06) freezable
crossbred bull semen. Loyi (2007) reported mass activity of 3.4 £ 0.10 in freezable semen

samples of crossbred bulls.
2.4.3 Concentration

The spermatozoa concentration in abull semen ranges from 300-2500 million/ml with
an average of 1200 million/ml (Roberts, 1982). Smilar, mean vaues have been reported by
Agawa et al. (1987) in 3/4*" cross bred bullsand Patdl et al. (1989) in Kankre cross bred
bulls. Mohanty (1999) recorded a spermatozoa concentration of 999.83 to 1114.50 million/
ml in crossbred bulls and found to have a higher spermatozoa concentration in good freezable
than non freezable semen samples. Loyi (2008) reported a sperm concentration of 724.09 +
53.05 million/ml in freezable semen samples of crossbred bulls.

2.4.4 Individual motility

Spermatozoa become essentialy mature on reaching to cauda epididymisin that they
achieve moatility and capability of fertilizing the eggs (Bedford, 1975). The spermatozoa are
immoatile in the cauda epididymis due to visco-dadtic effect of a glycol protein “immobilin”.
This effect was found to be reversible and non-sperm specific (Ussdman et al., 1984). The
meaturation of spermatozoa during their epididyma trandt involves physico-biochemicd and

morphologica dteration resulting into cyto-physologica changesto achieve cagpacity for matility
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and fertility (Orgebin-Crigt et al., 1976). The individual moatility depends on the factors like
age of thebull (Javedet al., 2000), temperature, frequency of collection and sexud excitement
before collection (Mishraet al., 1994).

Assessment of individua moatility requires screening of individud cells; hence after a
semen dilution with suitable extender, individua cells are viewed under 400 magnifications.
Motility pattern of individua cellsis characterized, counted and expressed as per cent.

Theindividua moatility percentage reported in cross-bred bullswas 83.60 £ 13 (Singh
etal., 1992), 725+ 0.0 (Mishraet a., 1994) and 77.92 + 0.33 (Shuklaand Mishra, 2005)
infresh semen. Individud moatility of 82.99+ 0.27 (Agarwd et al., 1987), 82.98 + 2.72 (Patel
et al., 1989), 79.74 = 0.64 (Singh and Pangawkar, 1990), 55.00 £ 2.02 (Sharma et al,.
1991), and 51.0 £ 11.63 per cent (Suryaprakasan and Rao, 1993), wasreported for crossbred
bullsof BSx HF x H, HF x Jx H, HF x S, HF x Jand HF x ND inheritance respectively. A
reduction of 41 to 53 per cent in spermatozoamatility after cryopreservation was reported by
Rasul et al., (2001). Dhami et al. (1994 a) reported an average post-thaw motility 55.83 £
8.28 per cent in crossbred bulls. Loyi (2008) reported per cent individua motility of 75.5 +
0.84 and 43.61 + 1.33 in freezabl e fresh and post-thaw semen samplesof crossbred bulls. An
average post-thaw motility percentage of 35.48 £ 2.16 (HF x J x H bull; Sharma, 1988)
3398 + 1.64 (HF x BSx H ; Pathak,1988) and 34.89+ 1.4 (HFxJx H ; Vyaset al.
,1992) were reported by various workers. Prasad et al . (2000) categorized semen having 40
per cent or above post-thaw moatility as freezable in crossbred bulls.

Addition of heparin-binding proteins at the concentration of 40, 30, and 20 pg/ml
performed well to maintain motility when compared to 10, 50 and 60 pg/ml, indicating that
high as well as low concentration of heparin-binding protein concentration have detrimental
effect on spermatozoa moatility (Arangasamy,2003). Harshan et al.(2006) reported that
spermatozoa of al the PDC-109 protein treated groups had significantly lower matility than
the spermatozoa of control group at post-thaw stage but the effects are dose dependent with
higher concentrations being deleterious. In frozen-thawed goat semen addition of glutathione
(5mM) increased the moatility of thawed spermatozoa (Sinhaet al., 1996). Addition of catdase,
GSH, taurine, and other antioxidants hel ped to maintain post-thaw motility of bull spermatozoa
(Alvarez and storey, 1983).
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2.4.5 Per cent live spermatozoa

Theestimation of per cent live gpermatozoain asemen sample has direct and positive
corrdation with fertility of abull. The live and dead spermatozoa could be differentiated by
their reaction to certain stains. dead sperm being colored by the vitd dye, and live sperm not
being stained. Eosn is the essentid cdlular stain used whereas the Nigrosin provides a dark
background so that observation of the stained and unstained sperm cells can easily be made.
All sperm that are even partiadly stained are considered dead.

Various workers reported live sperm per cent of 79 + 2.2 in fresh semen (Branton,
1946) and, 70 + 2.5 to 85 + 2.1 in freezable samples (Gopa Krishna and Rao, 1978) in
crossbred bulls. The per cent viability was reported as 87.38 £+ 0.63 (Rao and Rao, 1978),
91.84 + 1.18 (Patd et d. 1989) and 84.13 + 2.31 (Srivastava, 2000) in different genotypes
of crossbred bulls. Themean live spermatozoafor good and poor quaity gjaculatein crossbored
bullswererecorded as82.57 + 1.33 and 56.78 + 1.71 by Gebreselassie (2009) in contrast to
78.32 £ 1.36 and 72.15 + 2.18 per cent respectively observed by Loyi (2008). Harshan
(2007) indicated that though lower doses of PDC-109 do not affect viability a pre freeze
level, a higher amount of PDC-109 is detrimenta for sperm viability (80.25 +0.89, 83.17
+0.80, 83.08 + 0.92 and 83.66 + 1.05 in groups treated with 120, 40, 20 pg/mL of PDC-
109 as compared to control respectively). However at post thaw stage, decrease in viability
was noticed in al PDC-109 treated groups (25.67 = 0.97, 43.92 £ 0.87, 52.08 £ 1.07 and
62.25 + 1.14 in groups treated with 120, 40, 20 ug/mL of PDC-109 as compared to control
respectively). Similar finding wasreported by Fiol de Cuneoet al. (2004) observing adecrease
in sperm motility and viability when PDC-109 (0.5, 1.5 and 3.0 pg) was incubated with
cryopreserved bovine spermatozoa for 4 h in the presence of heparin.

2.4.6 Hypo-Osmotic Swelling (HOS) response

Theimportance of integrity of oerm membrane is unquestionable not only for sperm
metabolism but dso for desrable changes in the properties required for successful union of
ma e and femde gametes. Hence the assessment of membrane function may beauseful indicator
for determining the fertilizing ability of goermatozoa (Jeyendran et al. 1984).
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Panday et al. (1986) reported a positive correlation between matility and swollen
gpermatozoa with that of in-vitro fertilizing ability of spermatozoa. However, Chan et al.
(1992) reported inggnificant correlation between sperm sweling andin-vitro spermfetilizing
capacity. The HOS response correlates well with the ability of spermatozoa to penetrate
denuded hamster oocyte and present a high correlation with the ability of the spermatozoato
fertilizethe ovum in vitro (Vander ven et al., 1986; Avery et al., 1988). Jeyendran et al.
(1984) reported that the dead spermatozoataking the eosin stain may not necessarily be HOS
negative and alive spermatozoon preventing the eosin stain uptake may not dways swell.

Okada et al. (1990) reported pogtive correation between the results of HOST and
hamgter egg penetration assay for specimenswith high or low fertility rates. In contrast, McClure
and Tom (1991) found no significant correlation for spermatozoafrom infertile patients, but only
for gpermatozoa from fertile donors in humans. Nevertheess, it was shown that combination of
HOST with other spermatozoa parameters could improveits predictive potentid (Chan et al.,
1992). Combining HOST results with other parameters (e.g. matility and viahility) is ussful in
order to improve corrdations with the fertility ratein vitro (McClure and Tom, 1991).

Agawa (1997) reported asignificant pogtive corrdation of HOST with sperm motility
and sperm viability. Gebresdasse (2009) reported that the mean vaues of HOST positive
spermatozoafor good and poor quality fresh semen were 73.13 + 1.50 and 54.56 + 1.99 per
cent respectively. A dgnificant pogtive correaion of HOST with massmatility, initid progressive
moatility, live count, tota intact acrosome and sperm concentration were found by Prasad et al,
(1999) as well as Srivastava and Kumar, (2006). A HOS response in fresh and frozen-
thawed semen of cross bred bull was reported as 74.4 + 0.80 and 47.8 £ 0.97 per cent
respectively, indicating 60 per cent reduction in HOS positive response after cryopreservation
(Rasul et al., 2001). Loyi (2007) reported post thaw HOS positive response of 48.21 + 2.18
per cent in good qudity freezable semen samples of crossbred bulls. Addition of vitamin E and
Ascorbic acid in Egg Yolk Tris Glycerol (EYTG) extender increased the HOS response in
frozen thawed semen when compared to control (48.5+ 1.3 vs. 43 + 2.1 per cent, Agarwal,
1997). In buffal oes, HOS response after addition of heparin binding proteins at aconcentration
of 40 and 20 pg differed sgnificantly (p<0.05) with control and gave high HOS vaues (72.95
+1.31and 70.13 £ 0.84 vs. 50.30 + 2.04 respectively) in fresh semen (Arangasamy, 2003).
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Harshan (2007) reported maximum tail swelling in buffalo spermatozoa in the group trested
with PDC-109 at the rate of 40 pg/mL (76.33 £ 1.08, 73.43 £ 1.03 and 71.83 + 0.95 per
cent in group treated with 40 and 20 pg/ml of PDC-109 as compared to control respectively)
in pre-freeze semen, whereas a post-thaw stage, a sgnificant decrease in viability (36.33 =
1.02, 44.92 £+ 0.81 and 59.33 £ 0.93 per cent in group treated with 40 and 20 pg/mL of
PDC-109 as compared to control respectively) of spermatozoa was observed. A range of
22.6+3.91058.8 + 6.3 per cent in post-thaw HOS responsein cross-bred bullswasreported
by Pant et al. (2002). Efforts to minimize the levels of reactive oxygen species (ROS) may
improve the HOS response in frozen semen (Dandeker et al., 2002).

2.4.7 Acrosomal integrity

The acrosomd integrity of mammaian spermatozoais pre-requisite for capacitation,
normal acrosome reaction and successful fertilization in vivo (Hartree and Srivastava, 1965).
The acrosome contains a number of hydrolytic enzymes and severd acid hydrolases. The
enzymes locdlized in the acrosome, determine the spermatozoa penetrating and fertilizing
cgpacity. Acrosome can be detached from the spermatozoa head under theinfluence of different
physica and chemicd factors (Hartree and Srivastava, 1965). Optimum fertility depends on
the acrosome being structuraly and functiondly intact (Srivestava et al., 1965). Borgohain
(1984) observed that acrosoma damage of the spermatozoa of Holstein-Friesian, Jersey and
their crosseshad significantly negative correlation with conception ratesin cows. Saacke (1970)
reported a sgnificant positive relaionship between the per cent intact acrosome and non

return rate.

Stains like Eosin-blue and fast green have been used to assess the acrosome
characterigtics. It isnow being superseded by fluorescent tests (Harrison and Vickers, 1990).
The most commonly used staining method to detect acrosomal changes, based on staining
intengity and contrast of background is Giemsastain (Watson, 1975) or fluoresceinated lectins
(Batovaet al., 1993). Percent intact acrosome is determined by staining spermatozoa with
different dye.

Acrosomal integrity by Giemsa stain

Agarwal (1997) found the mean per cent intact acrosome in frozen-thawed bull
Spermatozoa 61.20 + 1.44 (range 24 to 78) per cent. Sharmaetal., (1992) reported 69.40 per
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cent post-thaw intact acrosome in crossbred bull spermatozoa and observed that acrosomal
integrity per cent was positively corrdated with pre-freeze and post-thaw motility. Prasad,
(1997) and Srivastava (2000) recorded a positive corrdation of acrosoma integrity with
post-thaw livability and matility. Paudd (2002) observed 9 per cent reductioninintact acrosome
from fresh to pre-freeze and 28 per cent from pre-freeze to frozen-thawed state in crossbred
bull spermatozoa. The per cent intact acrosome was sgnificantly higher in good qudity semen
than poor quality semen. A significantly positive correl ation between intact acrasome, motility
and live sperm was as0 observed (Agarwad, 1997). In two experiment Lambrechts et al.,
(1999) found intact acrosome percentage to be 89.3 £ 2.3 and 93.5 £ 2.2 in African buffao
epididyma spermatozoa. More than 90 per cent of spermatozoa were observed with intact
acrosome in fresh semen of breeding bulls by Giemsa gtaining (Aguero et al., 1994).

b. Acrosomereacted live spermatozoa by FITC-PSA stain

Theintegrity of spermatozoa membranes can be assessed by using avariety of lectins
that bind to glucoconjugates of the outer acrasomal membrane or the outer acrosoma matrix
such as fluoresceinated isothiacynate- pisum sativam agglutinin (FITC-PSA, Cross and
Watson, 1994; Maxwell and Johnson, 1997). FITC- PSA labeling can effectively monitor
acrosomd integrity as has been confirmed by e ectron microscopy assessment (Meyerset al.,
1995). However only two pattern of staining was observed with stallion spermatozoa,
representing sperm cells with intact acrosome and missing acrosome. Graham et al. (1990)
established that fluorescently labeled PSA could be used in flow cytometry to assess the
percentage of cells with or without intact acrosome based on comparisons with naphthol
ydlow/erythrosin B. An assessment of the percentage of cells with intact acrosome is aso
done when the acrosome reaction was induced with lysophosphatidylcholine. However, only
two patterns of staining were observed with stalion spermatozoa, representing sperm cdls
with intact acrosomes and missing acrosomes. The AR in progress was not classfied (Cheng
et al., 1996).

Since the intact membrane of live cdls excludes a variety of charged dyes, such as
trypan blue or Propidium lodide (P1), incubation with these dyes resultsin sdlective labeling of
dead cells, whilelive cdls show no or minimal dye uptake. For light microscopic evauation, a

relatively high concentration of dyeisrequired. At these concentrations, eosin, and many other
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dyes are toxic, which can lead to underestimation of the proportion of live cells (Woelders et
al., 1991). Moreover, eosn dyeisused nearly exclusvely to sain fresh gacul ated spermatozoa,
because glycerol, a most extensvely used cryoprotectant, interferes with staining. Therefore
now aday fluorescent sainssuch as Pl or smilar other dyesin combination with FITC- PSA
are most widdy used for evauating integrity of frozenthawed spermatozoa plasmademma
followed by examination with fluorescence microscopy or flow cytometry (Garner and Johnson,
1995).

Inorder to detect changestaking place specificdly in the live soerm population, Maxwell
and Johnson (1997) stained the spermatozoawith P, and the Pl-positive cells were excluded
from the estimate of acrosome intact and acrosome reacted. The proportion of an acrosome
reacted spermatozoa estimated by FITC-PSA fluorescence tended to be higher than by the
CTC method but as yet the acrosome status has not been confirmed in these spermatozoa by
electron microscopy (Maxwel and Johnson, 1997).

Gillian et al. (1997) carried out an experiment to validate the assumption that F and B
pattern would be acrosome intact and the AR pattern would be reacted; cells were stained
with both CTC and FITC-PSA. PSA bindsto the acrosoma matrix (Crosset al., 1986) thus
dlowing visudization of the acrosome when intact. All F category cells were intect, as were
the mgjority of the B pattern spermatozoa, and most of the AR pattern cells were acrosome-
reacted as determined by FITC-PSA fluorescence. Although aminority of the cellsdisplaying
the B pattern appeared to be acrosome-reacted (rather than acrosome intact), these cells
often exhibited patchy fluorescence in the acrosoma region when assessed by PSA and this
may correspond  to cells undergoing acrosomal exocytosis (Stock and Fraser, 1987). It is
likely that cdlsinthis category have reasonably intact plasmaand outer acrosoma membranes
for complexed CTC to bind to, with small perforations accounting for the patchy FITC-PSA
fluorescence observed. It would be necessary to confirm this observation by visudizing the

ram sperm surface with e ectron microscopy.
2.4.8 In vitro capacitation and acrosome reaction

Anindirect test of cgpacitation Status using the antibiotic chlortetracycline (CTC) has
provided anew insght into the functiona status of spermatozoa (Fraser, 1995). With CTC as
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afluorescent probe, Soermatozoashow variousfluorescent patterns, which have been correlated
with predominantly, non capacitated (Peattern F), capacitated or partialy capacitated but have
not acrosome reacted (Pattern B) and acrosome reacted (AR) sperm population (Ward and
Storey, 1984; Collin et al., 2000). Indeed, the antibiotic chlortetracycline (CTC, afluorescent
compound) accumulates and fluorescesin membrane compartmentsin which high concentrations
of caciumionsexist next to hydrophobic Stes(Tsen, 1998 ). It has been reported that CTC
can be used as a fluorescent probe to visudize the course of capacitation and acrosome
reaction in spermatozoain mouse and bull (Saling and Storey, 1979; Fraser, 1982; Fraser et
al., 1995). A flow-cytometric assay for capacitation has al so been developed based on CTC-
fluorescence (Maxwdl and Johnson, 1997). Gillian et al., (1997) reported that for the ram
semen, the process of freezing and thawing increased the number of spermatozoa showing the
capacited B pattern but had little effect on the number of acrosome reacted spermatozoa.
They reported that at O h, pattern F and B was observed in 61.3 & 19.5 per cent for freshand
6.7 & 54.0 per cent for frozen thawed spermatozoa respectively. Curry (2000) observed
increase in pattern ‘B’ spermatozoa from 16 per cent in fresh semen to 39 per cent in frozen
thawed spermatozoa. However, after 6 h of incubation, pattern ‘B’ and ‘AR’ were 54 and 41
per cent respectively in fresh semen in comparison to 35 and 64 per cent in frozen-thawed
spermatozoa. Process of freezing and thawing increased the number of ‘AR’ spermatozoa.
Changes in CTC daining pattern have aso been reported for bull spermatozoa (Cormier et
d., 1997): after ether cryopreservation or cooling to 4° C there is a Smilar increase in the
capacitated B staining pattern. Cormier and Bailey (2003) demondtrated that cryopreservation
induces partia or complete capacitation of bull spermatozoa that is reveded by a greater
proportion of CTC fluorescent pattern B in bulls. Cooled and frozen-thawed spermatozoa
gpparently become more “capacitated” as determined by thistest. CTC gaining is currently
assay of choice because it distinguishes three stages of sperm activation: non capacitated
acrosome-intact, capacitated and acrosome reacted. A clear understanding of how CTC
interactswith the sperm surface @ the molecular leve islacking and unfortunately, the evaluation
of CTC daning is performed on fixed sperm cdlls.

In buffal oes, addition of heparin-binding proteins has dose dependent effect oninduction
of acrosome reaction for 1 to 5 h incubation. At every hour of incubation, there is a gradud
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increasein acrosome reacted sperm per cent in aconcentration dependent manner (Arangasamy,
2003). Heparin trestment (10pug/ml) enhanced the cgpacitation rate of buffao gpermatozoa and
fertilization rate of oocytesunder in vitro conditions (Chauhanet al ., 1997). They aso observed
that the percentage of acrasome reacted sperm were increasing during every hour of culture and
reached maximum up to 84.33 + 1.62. Therien et al., (1995) reported a maximum acrosome
reacted permatozoa percentage when BSP proteins were added at the rate of 40ug/ml of
semen. Harshan et al. (2006) reported an increase in the number of acrosome reacted
spermatozoain PDC-109 treated groups than the control at varying incubation periods at pre-
freeze(7.33+£0.33,6.75£0.46and 3.92+ 0.39a O h.; 45.25+ 0.48, 39.33 + 0.83 and 30.50
+ 0.97 per cent a 4 h. of incubation in group treated with 40, 20 pg/ml of PDC-109 and control
respectively) and post-thaw (19.60 £ 0.79, 17.0£ 0.70 and 5.92 + 0.31 a O h. and 22.58 +
0.76, 19.08 £ 0.81 and 6.42 = 0.39 & 4 h. of incubation in group treated with 40, 20 pg/ml of
PDC-109 and control respectively). The number of acrosome reected live spermatozoa were
maximum in the group trested with PDC-109 a arate of 40 ug/ml. At post- thaw stage, per cent
acrosome reacted spoermatozoaat eech timeinterva of incubation was higher then the corresponding

pre-freeze acrosome reacted spermatozoa of same treetment group.
2.5 Cryopreservation of bovine semen

The success of cryopreservation of semen depends on numerous factors, which may
be peculiar to each species and therefore optimized protocol is used for each species. When
cdls are frozen they are subjected to stress resulting from the water-solute interactions that
arisethrough ice crysalization. Exposure of cdlsto the hyper osmoatic, yet unfrozen, solution
causes withdrawd of intracdllular water, consequent cdll shrinkage and possible influx of ions
(Mazur, 1984).

The gperm plasmamembraneisthe primary site of damageinduced by cryopreservation
(Hammergteds et al., 1997). Noiles et al. (1995) suggested that membrane phase trangition
occurs between 4°C and 0°C in mouse sperm during freezing process which is associated
with eevated membranefragility duetoimbrittlement of phasetrangtion and other ultragtructura
modifications of the plasma membranes during cooling. The rewvarming may play aroleinthe

poor fertility of cryopreserved sperm. It seems plausible that reorganization of sperm membrane
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lipidsdisurbsthelipid-lipid and lipid-protein interactions required for norma membranefunction
(Parks and Graham, 1992).

The damage to bovine spermatozoa during cryopreservation is not well understood.
However changes in motility (Kakar and Anand, 1981) and acrosome morphology (Kumar,
1989) of buffao spermatozoa following freezing and thawing process have been observed.
Moreover aconsderablelossin motility of sperm occurs after equilibration (Tuli et al ., 1988).
Themoatility isnot affected during dilution, cooling and equilibration but grester damage occurs
during freezing and thawing process (Rasul et al., 2000). These hazards can be minimized by
optimizing the cooling and freezing rates and using appropriate diluentsin which spermatozoa

are frozen (Kumar et al., 1992).

Furthermore, despite preservation of adequate motility, cryopreserved human sperm
exhibit significant membrane damage as indicated by hypo-osmotic swelling tests (Check and
Check, 1991). One interpretation of this dataisthat as the post-thaw temperature increases,
the plasma membrane is subjected to structurd rearrangements involving lipids and proteins,
the extent and nature of which is governed by interactions of temperature and solute effects
during the freezing process.

2.6 Capacitation like changes (cryocapacitation)

Semen cryopreservation is an important tool for assisted reproduction, athough the
fertility of frozen-thawed spermatozoais reduced dueto sub lethal damagethat isnot completey
understood (Viswanath and Shannon, 1997). However it has been recently recognized that
cryopreservation procedures (dilution, cooling, freezing/thawing) induce capacitation-like
changesin spermatozoa(Bailey et al., 2000). Watson (1995) suggested that cryopreservation
induced modifications to sperm membranes make them more reactive to ther environment
after thawing such that cryopreserved sperm are in partialy capacitated state. Indeed, recent
studies have reported similarities between the changes associated with capacitation and
cryoinjury, such as plasma membrane reorganization and fluidization, and calcium influx to the
spermatozoa (Maxwell and Johnson, 1997). Perez et al., (1996) showed that cryopreserved
ram sperm undergo capacitation more quickly than fresh controlsas assessed by chlortetracycdline
(CTC) fluorescent assay. The CTC fluorescence d so reveded agreater proportion of pattern
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B “capacitated” (Ward and Storey, 1984) spermatozoa due to cooling and immediately after
thawing in mice (Fuller and Whittingham, 1996), bull (Cormieret al., 1997), ram (Gillianet al.
1997) and boar (Maxwel| and Johnson, 1997). Furthermore, spermatozoawere confirmed to
be functiondly capacitated by cooling and cryopreservetion, as reflected by their ability to
fertilize homologous oocytes in vitro without any pretrestment of cooled sperm, normaly
required for fresh semen (Cormier et al, 1997; Fuller and Whittingham, 1997). Cormier et al.
(1997) hypothesized that commercid cryocapacitation procedures including equilibration for
4 h predisposed bovine spermatozoa to undergo premature capacitation. Once capacitated,
spermatozoa exhibit devated metabolic rates, increased membrane fluidity and permesability,
and if they do not achieve fertilization, they undergo spontaneous acrosome reaction due to
uncontrolled influx of Ca?*. Thiscryocapacitation (Bailey et al., 2000; Watson, 1995) reduces
thefertilizing life gpan of capacitated spermatozoaand isthought to be partialy responsiblefor
reduced fertility of frozen-thawed bull semen (Cormier and Bailey, 2003). The mechanism by
which this cryocapacitation occursis not fully understood and hence needs to be eucidated.

2.6.1 Minimization of cryocapacitation

Certain compounds are known to preserve structural and functional integrity of
biological membranes during freezing and dehydration (Mazur, 1970). Many of these
compounds arefound a high concentrationsin awide variety of organismsthat survive osmatic
stress, severe dehydration, and low temperature stress. Indeed these agents are now being
consdered to have an important role in the molecular biology of osmo-regulation and the
ability of certain organismsto survive low intracdlular water activities (Crowe et al., 1984).
The spermatozoa plasma membrane lipids respond to temperature changes by dterationsin
their physica phase gate. Although regionsof fluid and gel phaselipids coexist at physiologica
temperatures, reduction of temperature favoursfluid to gel trangtions; the presence of serols
istoinhibit these phase changes (Holt, 2000). As spermatozoaare not adapted to undergo the
temperature changes involved in cryopreservetion, they can not modify their lipid content to

Uit the environmenta conditions.

Thisuseful drategy of lipidsiswiddy used in nature to compensate for the changein
ionic permegbility and enzyme activity, which result from phase trangtions (Hazel, 1995).
Trehadose is found in a number of plants and animals that can retard dehydration freezing
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(Crowe and Clegg, 1987) by forming hydrogen bonds with the polar head groups of
phospholipids and helpsin preventing fusion events of juxtaposed membranes (Anchordoguy
et al., 1987; Crowe et al., 1984).

Improvement in post-thaw motility of spermatozoa and better fertility of sheep
inseminated with diluents containing glycine has been reported (Sanchez-Partida, et al ., 1992)
who had shown that glycine enhances the qudity of cryopreserved ram as wel as equine
spermatozoa (Koshinen et al., 1989), but its effects on bovine spermatozoa have not been
studied.

Rudolph et al. (1986) reported that the three membrane stabilizing agents, proline
betaine, and trehd ose interacts with phospholipids by increasing the area of these moleculesin
phospholipid monolayers, fluidizing bilayers of smal unilamélar vesdes, and reducing the co-
operaivity of the gd to liquid phase trangtion in bulk solution.

The events associated with cryocapacitation were reversed by chelaing the cacium
with EGTA and by adding epididyma and semind plasma (Harkema et al., 1998). Smilar
reversibility was aso observed in spermatozoa agglutination when agglutinated spermatozoa
were exposed to EGTA and to epididyma and semind plasma (Harayamaet al., 1994). The
concentration of unbound calcium in the call could be made very low by introducing calcium
specific chelators such as EGTA which specificaly binds Ca?* with high affinity and lower the
free Ca?* levd.

Studies on presarvations of unfrozen semen reveded that controlling of oxidation by
exogenous antioxidantsin the extender such ascataase, greetly helped to maintain spermatozoa
quality (Foote, 1970). Excessive production of ROS was a so associated with areduction in
the matility and fertilizing capacity of stored spermatozoa which could be improved by the
addition of antioxidants such as super oxide dismutase and catd ase to semen diluents (Stojanov
et al., 1994).

Butylated hydroxytoluence (BHT), a free radica scavenger known to interact with
biologica membranes with ther fluidity and phase trangtion behaviour, has been shown to
decrease the permesbility of bovine spermatozoa membranes (Hammersted and Andrews,
1997). Suleiman et al., (1996) concluded that vitamin E seems to protect againg the loss of
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the spermatozoa motility by lipid peroxidation. Supplementation of vitamin E improved
spermatozoa moetility and increased the possibility of fertilization.

2.7 Zona binding assay

Successful fertilization isknown to involve severa sequentid steps. Theseare: oviduct
Spermatozoa reservoir, hyper activation and capacitation in the femae reproductive tract,
binding of the capacitated spermatozoato the zona pdlucida (ZP), induction of spermatozoa
acrosome reaction, penetration of ZP, and fuson of sperm with the vitdline membrane of the
oocyte. These vitd stepsin fertilization form the basisfor development of assay for the goa of
predicating thefertility of semen. Binding of spermto ZPisaprerequisitefor soerm penetration
through the ZP and its fuson with oolemma

Sperm-ZP recognition and the binding arethe earliest Sagesin theinteraction between
spermatozoaand oocyte. Fazdli et al. (1993) recommended the use of such assay for routine
evaudion of bovine semen. Brahmkshri et al. (1999) further stressed upon the use of this
bicassay as atest of fertilizing potentid.

Severd vaidion of fertilization assay hasbeen used. Onevariaionisto usezona-pdlucida
free hamgter oocytes instead of homologous oocytes (Floreman et al., 1989). A homologous
oocyte with intact ZP would test the fertilizing ability of spermatozoa under more physiologica
conditions. Snowatz et al. (2003) investigated zona binding among bovine and porcine oocyte
with equine Spermatozoa under in vitro conditions and compared with homologous zonabinding
in bovines Thar resultsindicated inggnificant differences in zona binding between heterologous
and homologousassays. Cox et al., (1994) compared efficiency of goat Spoermatozoato penetrate
catle and sheep intact oocytes. They reported that goat spermatozoa were highly efficient in
penetrating cattle and sheep oocytes as compared with homologous fertilization, and that goat
gpermatozoa penetrated equally well cattle and sheep oocytes.

The rdaive number of sperm cells bound to the zona pdlucida of cocytesin two bulls
has correlation with their 56 day non-return of 73.2 and 67.5 per cent respectively (Fazdi etal .,
1993). Kadirve (2006) reported zonabinding ability of invitro capacitated and cryopreserved
buffao spermatozoaas 115.8 + 20.8 and 53.8 + 14.5 in fresh and frozen thawed spermatozoa
respectively. Exposure of spermatozoafrom caudaepididymisto accessory sex gland fluid resulted
in direct increase in zona binding ability, followed by a further increase during capaditation in
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vitro. Incubation of soermatozoawith heparinor oviductd fluidincreased theability of spermatozoa
to bind to ZP (Topper et al., 1999). The outcome of the in vitro fetilization sysem differs
among the bulls (Shi et al., 1991). In some sudies, Sgnificant correlations between embryo
cleavage and fidd fertility have been demondrated (Shamsuddin et al., 1993), not in others
(Schneider et al., 1996). Harshan et al ., (2006) reported that trestment with PDC-109 increased
thenumber of spermatozoabound to ovathanthe control group a the pre-freeze sage. Arangasamy
(2003) reported an increase in the number of buffalo cauda epididyma spermatozoa bound to
ZPwhen tregted with either HBP or gdain binding semind plasmaproteins. Fazdli et al.,(1993)
reported that binding ability of the frozen-thawed bull spermatozoa sgnificantly reduced as
compared with that of control (p<0.05) or in vitro capacitated spermatozoa (p<0.01). They
pointed out a negative correlation between acrosoma damage and zona binding ability of
permatozoa fter freezing-thawing. Smilarly reduced binding ability to the zona pellucida after
freezing and thawing in dog (Strom et al., 2000), in boar (Fazdi et al.,1999) and in human
(Cormier and Bailey, 2003) was a0 reported.

&5 25 &S
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Materials and Methods

The proposed study was conducted at the Germ Plasm Centre (GPC), Indian
Veterinary Research Indtitute, |zatnagar, Barellly (UP). Theindtituteislocated at an dtitude of
564 feet above the mean sea levd, at a latitude of 28° North and a longitude of 79 East.
Barellly hasasubtropical climate and experience duel extremes of hot and cold weather with
the relative humidity ranging between 15 to 85 per cent in different months of the year.

Chemicals
The chemicas used in this study are listed below with their source in parenthesis.

Acsticacid (glacid), bromophenal blue, EDTA, HCI, methanol, isopropanal, glycine,
acrylamide, bisacrylamide, agarose, sodium lauryl sulphate (SDS), Coomassie brilliant blue
R-250 and TEMED (Merck, India), protein molecular markerswere procured from Bangaore
Gendl. All other chemicals used in the experiments were procured from Sigma Aldrich, USA.

Sterilization of articles

For al theexperimenta purposesing uding semen collection and processing (exceptions
if any have been indicated in the body of experiments), dl the glass wares were washed
thoroughly with soap water, rinsed twice in double distilled water and then dipped in 10 per
cent HCl for 12 h. Theresfter; glasswares were washed vigoroudy with tap water, rinsed
twicein double digtilled water, dried and Sterilized in ahot ar oven a 160° C for 1 h.

Autoclaving at 10 Ibs pressure (110°C) was donefor buffer solutions (20 min), rubber
aticlesand atificid vagina (10 minutes). The stains, polyvinyl dcohol and other polyethylene

articles were exposed to ultraviolet rays for one hour before use.



Materials and Methods....

For protein isolation work, glass column was cleaned thoroughly with soap weter, tap
water, rinsed with ditilled water and dried in oven. Thereafter glass column was filled with
chromic acid and alowed to stand for 2 h, chromic acid was removed and the column was
cleaned thoroughly with tap water followed by distilled water.

3.1 Isolation of seminal plasma protein PDC-109 from crossbred
bull semen

3.1.1 Experimental animals and collection of semen

Crossbred (F x Jx H) bulls maintained a the Germ Plasm Centre of |.V.R.I. were
used for the collection of the semen. These bulls were reared under the identical feeding and
managementa conditions during the entire duration of the study.

Semen was collected during morning h using artificia vaginaas per the tandard practice.
The sample was immediately supplemented with a protease inhibitor cocktall used a the
manufacturer’ s recommended concentrations (P 8340, SigmaAldrich, USA). For the sake of
uniformity only those gaculates that had a mass activity of +3 and above (on ascdeof 0to
+5) and individua moatility of 70 per cent or above were selected for further processing.

3.1.2 Selection of gjaculates

Ejaculates were sdected based on the basis of mass activity as well as individua
matility.

The mass activity of the semen sample was determined by assessng the motility of the
spermatozoajust after semen collection. It was observed under the low power of microscope

without cover dip and was graded on the scale of 0 to +5. The semen samples showing mass

activity of +3 or above were only utilized for experimental work.

Individua moatility was recorded as percentage of progressively matile spermatozoain
asemen sample (Salisbury et al. 1985). This was assessed by placing a drop of the diluted
semen on aclean, grease free glassdide mounted on astage maintained at 37°C and observed
under high power magnification (400X). The semen sample was extended so that approximately
15to0 20 spermatozoawere visble under thevisud field of microscope. Sampleshaving individua
motility of 70 per cent or above were sdlected for the study (Sdlisbury et al., 1985).
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3.1.3 Processing of seminal plasma and storage

Each gaculate was centrifuged at 4000 g for 20 min to remove the suspended
spermatozoa and particulate debris. The cell pedlet was discarded and supernatant plasma
was collected. It was further centrifuged at 10000 g for 60 min at 5°C to clear the semind
plasma and was stored at -20°C until andlyss

3.1.4 Total protein estimation

Total protein content of seminal plasmawas estimated as per the standard procedure
described by Lowry et al. (1951).

Method

Standard Bmvine Serum Albumin (BSA) containing 10 to 50 pg of solution was pipetted
in five different test tubes (in duplicate). Volume of each tube was made up to 0.5 ml with
double digtilled water (DDW). In another test tube, 0.5 ml of DDW was taken as blank
solution. 0.5 ml of diluted sample containing gpproximately 20 to 40 g protein wastakenina
Sseparate tube as test solution. To this 2.5 ml of reagent C (Annexure) was added and mixed
well. Thiswasalowed to stand for 10 min. at room temperature. Thereafter 0.25 ml of reagent
D (Annexure) was added to each test tube and mixed immediatdy. 30 min. after development
of bluish colour, absorbancewasread at 750 nm in spectrophotometer. A standard curvewas
drawn by plotting protein concentration againgt absorbance and vaues of protein in unknown

samples were calculated from standard curve.
3.1.5 Isolation of PDC-109

PDC-109 was isolated as per the method described by Gasset et al. (1997) with
minor modification. The method conssts of progressive purification of semind plasmaproteins
by usng Heparin-Sepharose affinity chromatography followed by DEAE-Sephadex ion-
exchange chromatography.

Method

Clean glass column (height/circumference, 11/7 cm; Vendl, India) wasmarked at 5 ml
level and Heparin-Sepharose (HS) media was loaded into the glass column upto the mark.
Activation or regeneration of HS column was carried out by passng 10 ml each of citrate
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buffer solution containingl00 mM citrate buffer, (pH 5.5) 1 M NaCl, 0.025% sodium azide
and Tris-HCI solution containing 100 mM Tris-HCI (pH 8.8), 1 M NaCl and 0.025% sodium
azide. Atleast 100 ml of each buffer was passed dternatdly. Thereafter columnwas equilibrated
with 100ml of solution containing 50 mM Tris-HCI (pH 7.4), 150 mM NaCl, 5 mM EDTA,
2mM PM SF and 0.025% sodium azide (equilibration buffer). Clear ssmind plasma (0.5 ml)
was diluted three times with the equilibration buffer and loaded into the equilibrated column.
Once the sample entered the HS media, the flow was stopped for 15 min to dlow proteins to
bind. The column was extendvely (7 to 8 times) washed with equilibration buffer to remove
unabsorbed proteins. The adsorbed heparin binding proteins (HBP) were duted in 3 ml fractions
with dution buffer containing 50 mM TrisHCI (pH 7.4), 150 mM NaCl, 5 mM EDTA, 100
mM chaline chloride and 0.025% sodium azide. The column was washed thoroughly with
equilibration buffer for sorage of used HS media. Findly storage buffer (0.5M NaCl and 0.05%
sodium azide) was passed through the column and it was stored in storage buffer a 5° C.

Theoptica density (OD) of uted HBP fractionswas observed in spectrophotometer
at 280 nm. Selected fractions were analyzed for protein content by the standard procedure
given by Lowry et al. (1951). The fractions containing proteins were pooled and dialyzed
againg solution containing 50 mM TrisHCI (pH 7.4), 150mM NaCl, 5 mM EDTA, and
0.025% sodium azide and stored at -20° C till further purification and isolation of PDC-109.

The fraction used for further purification to obtain PDC-109 was concentrated by
didyzing againg solution containing 20mM TrissHCl (pH 6.5) and 1M NaCl. Thereafter
previoudy cleaned glass column was marked a 5ml level and DEAE-Sephadex (DS) media
was loaded up to the mark. Activation of DS was done by washing the column successively
with 100 ml each of 0.4 M TrisHCI (pH 6.5) with 4M NaCl ; 0.2 M TrisHCI (pH 6.5) with
4M NaCl and 0.1M Tris-HCl (pH 6.5) with 2 M NaCl. The column was equilibrated by
passing 100 ml of 20 mM Tris-HCI (pH 6.5) with 1M NaCl. Thediayzed protein samplewas
then loaded (sample volume was less than 5 per cent of the bed volume) into the DS column.
Once the sample entered the DS media, the flow was stopped for 15 min to alow desred
proteins to bind. The column was washed extensvely with equilibration buffer to remove the
unadsorbed proteins. The eution of bound PDC-109 was carried out usng 20mM TrisHCI
(pH 6.5), IM NaCl with 100 mM choline chloridein 3 ml fractions. The OD of €uted protein
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fractions (3 ml) were observed in spectrophotometer at 280 nm. Pooled fractionswere andyzed
for protein content by the standard procedure given by Lowry et al. (1951) and thereafter
diayzed againg Tris-Citrate buffer (Annexure) fortified with antibiotics to remove NaCl and
to baance the pH. The protein thus isolated was identified againgt protein molecular weight
markers by SDS-PAGE. The diayzed protein was used to raise antiserain mae rabbit.

3.1.6 Identification of purified protein

The isolated and purified protein was analyzed by discontinuous Sodium Dodecyl
Sulphate-Poly Acrylamide Gdl Electrophoresis (SDS-PAGE) as described by Laemmli (1970).

Method
a. Gd preparation

For discontinuous SDS-PAGE, glass plateswith 1.5 mm spacers were assembled in
gd casting mould. The comb was inserted between the plates. The notched plate was marked
1cm beow the comb teeth for stacking gdl. Before removing comb, each well is marked
seridly. The 15 per cent resolving gd solution (Annexure) was poured between glass plates.
The gd surface was immediatdy layered with a small amount of water or isopropanol and
alowed to polymerize for about haf an hour. After the polymerization of resolving gel was
complete, the water above the gl was decanted and the gel surface was rinsed twice with
distilled water. The stacking gd solutions (Annexure) were prepared and poured on to the
separating gel. Comb wasinserted between the platesimmediately and the gd wasdlowed to
polymerize for an hour. After the polymerization of the stacking gel, the comb was removed
caefully and the wells were rinsed with weater. The plates with the gd were then carefully
taken out of the mould and put in eectrophoresis apparatus. Electrode buffer (Annexure) was
poured in upper and lower tanks of the apparatus and it was connected to the power supply
pack (Pharmacia, Model EPS 500/400).

b. Sample preparation and eectrophoretic run

Protein samples were prepared by mixing protein solution (at leest 150 to 200 pig) with
sample buffer (Annexure, 4:1) and 5 per cent mercaptoethanol. The processed protein samples
were kept in water bath at 60 to 70° C for about 5 min and loaded into the wells usng Hamilton
syringe. Protein molecular weight marker (Fermentas, India) was dso loaded into firgt well.
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The e ectrophoresiswas carried out a room temperature in constant voltage mode at
50 voltstill the dye entered the resolving gel, theresfter el ectrophoresiswas carried out a 100
volts. The power supply was disconnected after the dye front reached the bottom of the gd.
The gd plates were prised apart and the gel was carefully removed by repeated soaking in
didtilled weter. The gd was put in fixing solution (Annexure) for 1to 2 h. After removing the
gels from fixing solution the gd was stained with Coomassie Brilliant Blue R-250 for 1 h. It
was then destained using the destaining solution (Annexure) and the gels were stored in 7 per

cent acetic acid.
3.2 Raising of hyper immune sera

Four adult (aged 1 to 1.5 years, weighing 1.5 to 2.0 kg) NewZedand White mae
rabbitswere used for railsng anti-seraagaing purified PDC-109. Preimmuneblood wascollected
from dl the four rabbits just before immunization, serawas separated and stored at -20° C for
further use. For primary immunization 100 pg of PDC-109 was mixed with an equd volume of
Freund’ s complete adjuvant (FCA) to form an emulsion. Emulsification was checked by placing
adrop of the mixture on the surface of water. Each rabbits were injected subcutaneoudy with
100 pg of PDC-109in FCA immediately after blood was collected to obtain preimmune serum.
First boogter dose, containing 100 pg of PDC-109 emulsified with equa amount of Freund's
incompleteadjuvant (FIA) wasgiven subcutaneoudy at 2 weeksinterva whereas second booster
was given on day 21 followed by third booster on 28" day. Rabhbits were bled five days after
third boogter to assessthe leve of antibody produced in the serum. For this about 5.0 ml blood
was collected, serum separated and immuno-diffusion test was performed to assessthe presence
of ‘antibodies agang PDC-109'. When the precipitating line turned dark then about 15 ml
rabbit blood was collected by puncturing heart with the help of 20 ml syringe and hypodermic
needle. Blood was kept undisturbed in a wide mouth test tube to alow dotting. The clotted
blood was brought to laboratory under ice and kept a 4°C for 1 h. The serum was separated by
centrifugation of the clotted blood a 1500 g for 10 min. Serawere mixed with 5 ppm sodium
azide and 0.5ml diquots were made. These aliquots were stored at -20°Cill 1gG rich fractions
(antibodies against PDC-109) were isolated from it.
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3.2.1 Immuno diffusion test

To assess the presence of antibodies (IgG) against PDC-109 in raised hyper immune
sera, immune-diffusion test was carried out as described by Colligon et al. (1992).

Method

The procedure consisted of taking cleaned (wiped with absolute acohol) glass dide
and placing them on ahorizontd surface. A solution of 1 per cent agar in PBS (Annexure) was
dissolved by boiling it in conicd flask. About 4.5 ml of meted agar in PBS was placed over
each glass dide (forming athickness of 1.5 mm) very carefully so that it does not flow out of
dide and dlowed to solidify. Once it was solidified, holes were punched out in a concentric
manner using hub of aneedle and excess agar wasremoved fromwellsusing needle. Thereafter
centrd well wasfilled with PDC-109 solution (100 pg in 1 ml of PBS) and surrounding wells
were filled with seridly diluted hyper immune sera (1:2 to 1:16 in PBS). This procedure was
repested for each rabbit (and each collection) separately. These plates were then incubated in
humid boxes at 37° C for 48 to 72 h. The precipitation lines developed a varying time interva
for each rabhit which indicated presence of hyper immune sera (IgG) againgt protein (PDC-
109). These gelswere dried on the glass plates after staining with Coomassie brilliant blue R-

250 solution (Annexure) and stored as permanent record.
3.2.2 Checkerboard assay (ELISA)

Checkerboard assay was carried out to determine titre of the antibody raised against
PDC-1009.

Antigen

Purified PDC-109 was taken in concentrations ranging from 50 to 400 ng in coating
buffer (Annexure) for determining the most suitable antigen concentration for ELISA.

Antisera

Theantiseraraised in rabbit against PDC-109 were used in two-fold dilutionsranging
from 1:50 to 1: 25600. Two columns of well were used as control, which conssted of pre-
immune sera. The serum dilutions were madein PBS (Annexure, pH 7.4) containing 0.05 per
cent Tween-20 (PBST).
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Method

The antigen (PDC-109) was dissolved in coating buffer (Annexure). To each well of
amicrotitre assay plate about 100 ul optimally diluted antigen was coated and incubated in a
humid chamber overnight a 4°C. The plates were washed thrice to remove unbound antigen
using PBST (Annexure) and the wells were filled with 3 per cent BSA fraction V in washing
buffer (Annexure) to block any remaining protein binding sites by incubating a 37°C for 2 h.
The plateswere washed thrice with washing buffer. Antiseraraised against PDC-109 (primary
antibody) were diluted and each well wasfilled with 100 pl of antibody solutioninthe eforesaid
dilutions. The plates were incubated in humid chamber at 37°C for 1 h. The plateswere again
washed thrice with washing buffer. To each well 100 pl of 1:10,000 diluted goat anti-rabbit
1gG HRPO conjugate was added and plates were further incubated at 37°C for 1 hin humid
chamber. After incubation plates were washed thrice with washing buffer. 100 pl of freshly
prepared substrate solution (Annexure) was added in each well and plates were kept in dark
at room temperaturefor 20 to 30 min for the color development. The reaction was stopped by
adding 100 pl of sulphuric acid (IN) and the absorbance was measured a 492 nm using
Multiscan EX, Labsystems ELISA reader apparatus.

3.2.3 Western blot of seminal plasma protein PDC-109

Enzyme linked immuno transfer blot was done as per Towbin et al. (1979) to detect
the specificity of the raised antisera. The proteins were resolved on 15 per cent SDS-PAGE.
Proteins on the gd were transferred el ectrophoretically onto nitrocellulose membrane (NCM,
Sigma Aldrich, USA) using blotting apparatus (ATTO, Jgpan) as per protocol described
below.

Method

After dectrophoress, the gel wastaken off from the plates and kept in transfer buffer
(Annexure) to remove excess SDS from the gels. Eight to Ten Whatman No. 3 filter papers of
adze little larger than gel were stacked one by one on the anode plate after soaking in the
transfer buffer. Care was taken to avoid air bubbles in between stacks. Membrane kept pre
wet in trandfer buffer and was placed over the paper stacks. Then the gel was placed, making

sure to avoid air bubbles. Orientation of the membrane was marked before stacking filter
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papers (Whatman filter paper no. 3) exactly of gd Sze over the gd after soaking them in
trander buffer. The complete stack was saturated with ice-cold transfer buffer before the
cathode plate was placed in postion over the stack and a current of 3 to 5 mA/cn? was
goplied for 3 h. After trandfer, the gd was stained to check the efficiency of transfer and the

membrane was subjected to immunological detection.
Development of blot

The membrane, after transfer, wasincubated overnight in 5 per cent (w/v) skimmilk in
PBS-T (PBS containing 0.2 per cent Tween 20), pH 7.4 for blocking the nonspecific binding
sites. After blocking, the membranewaswashed thricewith PBS-T (5 min each) and incubated
with 1:400 diluted rabbit anti PDC-109 serum at 37°C for 2 h.

Thereafter, the membrane was washed thrice with PBS-T as described above and
incubated for 1 h at 37°C with 1:5000 diluted goat anti rabbit HRPO conjugate (Sigma,
USA).After washing, the protein antibody reaction was detected by incubating the membrane
with subgtrate (Annexure). The colour reaction wasterminated by washing the membranewith

distilled water to prevent background coloration.

3.3 Isolation of ‘antibody against PDC-109’

The antisera collected from immunized ma e rabbits showing dark precipitation linesat
immunodiffusion test were selected for isolation of antibody (IgG rich fraction) against PDC-
109. The ion exchange chromatography procedure as described by Colligon et al. (1992)
was employed to purify the ‘antibody against PDC-109'.

Method

10 ml of hyper-immune sera was added in 20 ml of saturated ammonium sulphate
solution (34 per cent, SAS) dowly by continuoudy stirring a 4° C for 2 h. The solution was
centrifuged at 9000 g for 10 min to collect precipitate. This precipitate was didyzed overnight
againg 0.01M phosphate buffer (pH 8.0) at 4°C. The pre cleaned glass columnswere mounted
on the stand and were marked at 20 cm height. The DEAE-Sephadex media (SigmaAldrich,
USA) was poured till the mark. The packed column was equilibrated with 0.01M phosphate
buffer (pH 8.0) a room temperature. The previoudy dialyzed solution was gpplied on to the
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top of equilibrated column. When flow rate of 2 ml/Smin. decreased, top of the column bed
(DS media) was gtirred lightly. The column was washed in two steps. Column containing DS
mediawas washed with 3 bed volumes (35 ml, first washing) of 0.01M phosphate buffer (pH
8.0) until dl the unretained proteins comes out which was monitored by measuring absorbance
of thefraction (5 ml each) a 280 nm. Afterwards fractionation on a column was doneusing a
0.03M phosphate buffer containing 100 mM NaCl (second washing). The OD of theeuted 5
ml fractions were then observed in spectrophotometer at 280 nm and selected peaks were
analyzed by 15 per cent SDS-PAGE. The protein content was estimated as described earlier.

3.3.1 Lyophilization and addition of ‘antibodies againg PDC-109’

Five bulls used in the present study had an average concentration of 21.7 mg/ml of
PDC-109 with average gaculate volume of 3.14 ml. IgG rich fraction (antibodies against
PDC-109) was added inthe gjacul ates at theratio of 1:1 with PDC-109 to bind and sequester

the protein from the gaculates.

After estimation of concentration of ‘ antibodiesagaingt PDC-109" (IgG-rich) inpooled
euted fractions, 3.14 ml eute containing 21.7 mg/ml of ‘antibodies againgt PDC-109' was
transferred in graduated test tubes. These tubes were then subjected to vacuum lyophilization
to reducethe volume. Thisresulted in each test tube containing 68.14 mg of ‘ antibodies against
PDC-109 inlyophilized form. Thesetest tubeswere kept at -20° C until used for collection of
gaculatesin treatment groups (gr.3 and 4).

3.4 Sequestration of PDC-109 from the g aculate
Proposed experiment was conducted in four groups as mentioned below.

Groupl : Semen collected and diluted in Egg Yolk Tris Glyceral (EYTG) extender as

per routine procedure.

Group2 : Direct collection of gaculate in EY TG extender.

Group3 : Direct collection of gaculate in test tubes coated with, ‘antibodies against
PDC-109'.

Group4 : Semencollection asper routine procedure and diluted in extender without egg

yolk but containing ‘antibodies against PDC-109'.
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After collection of gaculatesin each group, it was processed further for cryopreservation
following routine procedure.

3.4.1 Physico-mor phological characteristics

In addition to volume, mass activity and individua matility, semen samples from dl
four groups were subjected to following physico-morphologica assessment.

a.  Spermatozoa concentration

The concentration of spermatozoa (millions/ml) in semen samples was determined by
using haemocytometer (Sdlisbury et al., 1985).

b.  Individual Moatility
Individual motility was assessed as described earlier for fresh semen sample.
C.  Per cent live Spermatozoa

Theper cent live spermatozoawas determined by adopting differentia staining technique
using Eosin-Nigrosin stain as described by Ladey and Bogart, (1942). A drop of semen was
taken on aclean, grease free pre warmed glass dide and 4 to 5 drops of Eosin-Nigrosin stain
was added. This was mixed gently using a blunt fine glass rod. After 30 sec to 1 min athin
Smear was made on another clean, grease free glass dide. The smear was dried in air and
examined under oil immersion objective. A total of 200 spermatozoa were counted in each
dide. The stained and partialy stained spermatozoa were considered as dead.

d. Hypo-osmotic swelling (HOS) response

HOS response was assessed as described by Jeyendran et al. (1984) for human
spermatozoa.

Method

Briefly, solution A & solution B were prepared. Solution A contained 0.734 g sodium
citrate where as solution B contained 1.351 g fructose in 100 ml of distilled water. 0.5 ml of
each solution was taken in a clean, pre warmed (37° C) test tube. In this tube (containing
hypo-osmoatic solution of 150 mOsm/L) 0.1 ml of semen was added and mixed well. The
sperm suspension was incubated in water bath at 37°C for 45 min. After incubation adrop of
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eosin-Y solution was added. A smal drop of the suspension from the bottom of the tube was
placed on aclean, greasefree glassdide and covered with cover dip. Thedideswereexamined
under the high power magnification (400 X) of a phase contrast microscope. A minimum of
200 spermatozoa were counted and the different types of tail swelling pattern were recorded.
Similar procedure was followed for the semen samples at pre-freeze and frozen-thawed stage

of both control and treatment groups.

Spermatozoa were classified as per cent HOS responsive according to the presence

of the tail swelling patterns (Prasad et al., 1999) as mentioned below.
Pattern A: No swelling-complete loss of membrane integrity.
Pattern B: Sweling a thetip of thetall
Pattern C: Different types of hair-pin like swelling
Pattern D: Complete tail sweling.

The sperm cdls displaying the swelling pettern B, C and D were considered positive
for the HOST (HOST reactive), where as pattern A was considered as HOST negative
(HOST non-reactive).

e. Acrosomal integrity by Giemsa stain

Acrosoma integrity of fresh, pre-freeze and post-thaw spermatozoa was assessed
using Giemsa gain (Watson, 1975).

Method

A smear of diluted semen samplewas prepared on aclean, greasefreeglassdideand
ar-dried. Thiswas dipped in Hancock’ s fixative (Annexure) for 15 min for fixation of smesr.
Fixed smear was washed in dow running water (10 minutes), rinsed with ditilled water and
ar-dried. The smear was stained in Giemsa working solution (Annexure) for 3 to 4 h. Side
was then removed from the gtain solution and rinsed quickly in digtilled water, air dried and
mounted in DPX mountant. The dide was examined under oil immersion objective of the
microscope to assess acrosoma integrity. At least 200 spermatozoa were counted and

categorized as acrosomeintact or acrosome reacted in each sample and percentage ca culated.
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f. Acrosome reacted live sper matozoa by FITC-PSA stain

The acrosomd satus of spermatozoa in semen samples was aso assessed using
fluorescein labeled lectin from the peanut plant, Arachis hypogaea (FITC-PSA) using adightly
modified version of the procedure described by Sukardi et al. (1997).

Method

Modification included use of PBS instead of HEPES buffer and remova of excess P
by diluting the contents severd fold and centrifugation insteed of filtration of the solution.

Prepar ation of reagents
1. P solution 500 pg/ml: 20 mg of P dissolved in 40.0 ml of PBS.
2. FITC-PSA 100 pg/ml: 1mg of FITC-PSA dissolved in 10.0 ml of PBS.

100 pl of semen sample was taken in a microcentrifuge tube and volume made up to
1.0 ml with PBS (Annexure). The sample was washed twice by centrifugation at 170 g for 10
min Supernatant was removed and the find volume was made up to 100 pl with PBSto which
20 pl of P solution was added to get a find concentration of 10 pg/ml Pl in the sperm
suspension. The spermatozoa were alowed to interact with Pl exactly for 2 min. The excess
Pl was removed by adding 10 fold volume of PBS and centrifuged gently & 800 g for 5 min.
The supernatant was removed and find volume was again adjusted to 100 pl with PBS. From
this20 pL of diluted semen suspension was smeared on clean greasefreeglassdidein duplicate
and dried. Spermatozoa were permesbilized by flooding the dide with 100% methanol for 5
min. Excess methanol was removed by washing the dides with PBS. Permegbilized dides
werethen flooded with FITC-PSA working solution (40 ug FITC PSA/ml) in PBS. Thedides
were kept in dark chamber at 37°C for haf an hour. Excess FITC-PSA was removed by
rinang the dideswith PBS. A drop of anti fade solution of 0.22M 1, 4-diazo-bicyclo (2, 2, 2)
octane was placed on the stained smearsin order to preserve fluorescence. A cover dip was
placed, pressed and edges sedled with color less nail varnish. Slides were examined within
two hours under the fluorescence (Nikon Microphot FXA EPI-FL3; Japan) with FITC filter
st at 40 x magnification. A tota of 200 spermatozoawere counted and categorized asfollows:

PSA posdtive and Pl negative : Acrosome intact live (AIL)
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PSA positive and Pl positive : Acrosome intact dead (AID)
PSA negative and Pl negative: Acrosome reacted live (ARL)
PSA negative and Pl positive : Acrosome reacted dead (ARD)

PSA positive sperm showed green to yellowish green fluorescence. Pl positive
spermatozoa showed red colored nuclear materid, indicating damaged membrane, as intact
membrane isimpermesble to PI. Cdlswhich retained staining of the equatorid segment were
conddered fully acrosome reacted asthese cellswere consdered totdly devoid of PSA staining.
ThePl-postive cdlswere excluded from the estimate of acrosomeintact and acrosome reacted

live spermatozoa
g. Washing of spermatozoa

Washing of spermatozoa was necesstated for estimation of cholesterol content of

spermatozoa and in vitro capacitation and acrosome reaction.

Immediatdy after evauation, fresh and frozen thawed spermatozoa were washed using
Percoll dengty gradient (Strom et al. 2000) to remove egg yolk particles, dead cellsand debris.

Method

Oneml layer of 40 per cent Percall (V/V, SigmaAldrich, USA) in non capacitating
medium (NCM , Annexure)) was pipetted carefully over a1 ml layer of 80 per cent Percoll
(V/V in NCM) in a disposable 15 ml centrifuge tube. One ml fresh or thawed semen was
gently layered on top of the two steps Percoll column. Thistest tube was centrifuged at 400 g
for 30 min. After centrifugation, the pelletswere washed once again with NCM and resuspended
in NCM to make 100 million spermatozoa per ml immediately after collection, at pre-freeze
and after freezing-thawing (post-thaw). This procedure was followed to make an diquot of 1
ml (in duplicate) of dl the four groups in cryovias and stored at -20°C till used for in vitro
assays viz. cholesteral estimation and CTC assay.

h.  Cholesterol assay

The cholesterol content in spermatozoawas estimated as per the method of Bligh and
Dyer (1959) described below:
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Method

A total of 100 million washed spermatozoa were taken in a 10 ml via. The sperm
pellet was extracted with 20 volume of chloroform: Methanol (1:1, V/V) solution and vertexed
for 20 sec. There after it was centrifuged at 800 g for 5 min. The spermatozoawas evaporated
to dryness under liquid Nitrogen gas and kept at -20°C. At the time of estimation, 0.5 ml of
chloroform was added to each vid and cholesterol was estimated by cholesterol assay kit
(Span Diagnogtics Ltd, India).

In atest tube marked ‘blank’ 1000 ul of reagent 1 (Annexure) whereas in another
tube marked ‘ standard’ 1000 pl of reagent 1 and 10 il of reagent 2 (Annexure) was added. In
third tube marked ‘test” 1000 pl of reagent 1 was mixed with 10 pl of washed spermatozoa
sample. All three test tubes were incubated at 37° C for 10 min and O.D. was observed for
blank, standard and test at 505 nm in spectrophotometer. Cholesterol content of spermatozoa
was calculated by application of formula as below:

Cholesteral concentration = O.D. (Test)/O.D. (Standard) x 200
I. I'n vitro capacitation and acr osome reaction

The CTC method was used to determine spermatozoa cgpaci tation was dightly modified
from Fraser et al. (1995). The procedure adopted was as follows

Method

The CTC solution (Annexure) for determination of capacitation and acrosomereaction
wasprepared daily and pH adjusted to 7.8. The solution was protected from light and maintained
at 4°CHill use. 10 pl of spermatozoa suspens on wasmixed with equa volume of CTC solution
on a previoudly cleaned grease free dide at room temperature. After five seconds, 1.5 ml of
gluterddehyde (12.5 per cent v/v in 20 mM Tris-HCI, pH 7.4) was added to the samples.
Finally adrop of 0.22 M, 1, 4- diaza-bicyclo (2, 2, 2) octanedissolved in glycerol: Phosphate-
buffered sdine (9:1) was added to retard the fading of CTC fluorescence. The dides were
covered with cover dipsand examined onthe same day. The CTC fluorescence was observed
with aNikon microscope equi pped with phase contrast and epifluorescent optics. All samples

were processed in duplicate and the experiment was replicated six times. At least 200
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spermatozoa per dide were examined and classified according to one of the three staining
pattern as described by Fraser et al. (1995).

Pattern F : Uniform bright fluorescence over the whole head, characteristic of non
capacitated cdls

Pattern B : Fuorescence-free band in post-acrosomal region (capacitated cells)-.

Patern AR : Dull fluorescence over the whole head except for a thin punctate band of
fluorescence dong the equatorial segment (acrosome reacted cells)

No fluorescence was observed when CTC was omitted from the preparation.
3.4.2 Prefreeze and post-thaw evaluation

Immediately at the end of equilibration period (at pre-freeze stage) and at post-thaw
stage, semen straws were thawed at 37° C for 40 sec. in water bath and viability (live per
cent), individual moatility, HOS response, acrosomd integrity, cholesteral efflux, and in vitro
capacitation and acrosome reaction was assessed. Similarly, above parameters as well as
heterologous zona binding were assessed at post-thaw stage.

Zona binding assay

Spermatozoa of al the four groups were subjected to heterologous (buffalo oocyte)
zonabinding assay after freezing-thawing (post-thaw). The method of Fazdli et al. (1993) was
followed.

Method
Collection of ovaries

Ovaries from sexualy mature buffaoes were collected in sterile and chilled norma
sdine solution (Annexure) supplemented with antibioticsfrom loca abattoir just after daughter
and trandferred to the laboratory. The ovaries were washed 6 to 8 times with NSS fortified
with antibiotics.

Oocyte collection

Fallicular fluid from surface follicde (>2 mm) of buffao ovaries were collected by

aspiration method with 18 gauge needle attached to a5 ml syringe containing oocyte collection
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medium (OCM, Annexure). The collected cumulus cocyte complexes (COC) were poured in
a50 ml centrifuge tube and kept undisturbed for half an hour ina CO, incubator a 39°C, 5%
CO, and 95% humidity to alow the COC to seftle. The supernatant was decanted and the
sediments containing the COC were poured into large square searching Petri dish containing
OCM.

Oocytes having compact, multilayered, cumulus oocyte complex (COCs) and evenly
granulated cytoplasm were sl ected under astereo-zoom microscope and transferred to another
petri dish containing OCM. The selected COCs were washed 6 to 7 times with OCM and
findly 4 to 5 washingsin oocyte maturation media (OMM, Annexure) were carried out.

In vitro maturation of oocytes

The COCs were cultured in 50-100 pl (10-12 oocytes/'drop) of maturation media
under mineral oil in petri dishes. They wereincubated at 3°C, 5% CO, and 95% humidiity for
24 h. The ovawere assessed for maturation after 24 h under stereo zoom microscope based
on their expanded cumulus cell mass (Liu et al., 1991).

Sperm capacitation and in vitro insemination of matured oocytes

Capacitation of spermatozoa was carried out by placing them in eppendorf tube,
covered with minerd oil in 5% CO, and 95% humidity using modified TALP (Annexure) as
capacitation medium. Thawed semen was washed to remove the dead cells using non
capacitating medium (NCM). The spermatozoawere then washed twicewiththe sperm TALP
(Annexure) by centrifugation a 170 g for 10 minutes. The spermatozoa suspenson was
resuspended in fertilization TALP (Annexure) and concentration was adjusted a 5 x 107
sperm/ ml. Thediquotswere placed under minera oil in eppendorf tubein 5% CO, incubator
with 95% humidity at 37°C for up to 6 h.

After maturation, oocytes were removed by gentle pipetting with capillary tube and
trandferred in disc containing fertilization TALPfollowed by washing 6 to 8 timesin fertilization
TALP. After washing, 10 to 12 oocytes were placed in 50 pl of fertilizetion TALP and 20
030 pl of capacitated sperm was added to it and co-incubated at 39°C, 5% CO, and 95%
humidity for 18 to 20 h in COz incubator. To remove free and loosdly attached spermatozoa
to zonapellucida, fresh fertilization TALPwas added to droplets 6 to 7 h later for washing and
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process was repeated 2 to 3 times. Thereafter droplets containing oocytes and spermatozoa
were again transferred back to COz2 incubator for remaining period of incubation.

Evaluation of sperm zona binding attachment

After 18 to 20 h of incubation, the penetrated oocytes were washed and processed
further for counting the number of gpermatozoa bound to zona pelucida (binding index) and
number of oocyte bound with spermatozoa (binding per cent).

At least 60 oocytes were used to estimate the zona pellucida binding of each group of
thawed spermatozoa.

3.5 Statistical analysis

ANOVA was caried with PROC GLM of SAS 9.2 available in Genetics divison of
Indian Veterinary Research Indtitute.

&5 S 2
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Results

4.1 Isolation of seminal plasma protein PDC-109 from crossbred
bull semen

For isolation of PDC-109 gaculates showing mass activity +3 or more and individua
motility 70 per cent and above were only sdected from cross-bred (F x Jx H) bulls. A total of
24 gaculates were collected. The mean volume, mass activity and individua moatility were
314+05ml, 3.1+ 04 and 78.25 + 1.79 per cent respectively.

4.2 Protein content

The protein content in semind plasmawas estimated by standard procedure of Lowry
et al. (1951, Fig. 1).

The average concentration of total protein (TP) was 90.1 + 5.6 mg/ml  whereas
concentration of isolated Heparin Binding Protein (HBP) was 27.9 + 0.6 mg/ml representing
about 30.9 per cent of tota protein. The average concentration of isolated purified PDC-109
was 21.7 £ 0.42 mg/ml condtituting 24.1 per cent of the tota protein content of seminal

plasma.
4.3 Elution profile of the purified proteins

The dution profile of HBP and PDC-109 has been presented in Fig. 2 and 3. It was
evident from the results that maximum eution of HBP occurred in fraction 3 and 4, trailing off
to minimum by fraction 6, whereas maximum eution of PDC-109 was observed in fraction 2
and 3. Choline chloride at a concentration of 200 mM was found suitable for the eution of
PDC-109 from DEAE-Sephadex column.
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Results....

4.4 Electrophoretic profile of seminal plasma proteins

SDS-PAGE andysis of HBP and purified PDC-109 of semina plasmawas carried

out to assess the purity and to characterize the purified proteins.
Heparin Binding Proteins

The protein bands representing BSP-A1/-A2, BSP-A3 and BSP-30 kDa were
observed in the SDS-PAGE (i.e. 14.7, 16.5, and 30 kDa). The bands representing BSP-A1
and BSP-A2 were too close to visudize them asindividud bands (Fig. 4).

PDC-109

Purified PDC-109 appeared as doublets on the SDS-PAGE representing the two
glycosylated forms of protein BSP-A and BSP-A2. They were observed around 14.7 kDa
range. (Fig. 5).

4.5 Assessment of ‘antibodies against PDC-109’

Purified PDC-109 was injected in four New Zedand White mae rabbits for raising
antisera. The production of *antibodies againg PDC-109' (IgG-rich fraction) in dl four mae
rabbits was assessed by immunodiffusion asssay. Three out of four mae rabbits responded to
antigen (PDC-109) by producing antisera indicated by the presence of clear bands in
immunodiffuson assay (Fig.6). Serid dilution of hyperimmune serawith PBS (1:16 in rabbit
A, L:4inrabbit B and C reacted with antigen (100 pug in 1 ml PBS) by producing dark bands.

Evaluation of antibody/antigen titreusing EL1SA

Checker-board assay was carried out with progressively diluted antibody (raised in
rabbits againgt PDC-109) and antigen samples.

On plotting the graph of obtained ELISA reading (O.D. at 492 nm) againgt antibody
titre or antigen concentration, an antibody titre of 1 in 400 and an antigen concentration of 225

ng were found optimum.
Western blot of seminal plasma proteins

Purified PDC-109 wereresolved on SDS-PAGE gd and trandferred e ectrophoreticaly
to Nitro Cdlulose Membrane (NCM). The NCM were then probed with antibody raised
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Results....

againg PDC-109. The development of asingle brown band in the lane examined indicated the
specificity of the antiseraraised (Fig. 7).

Purification of ‘antibodies against PDC-109' from antisera

Isolation of 1gG rich fraction from immunized rabbit sera by ammonium sulphate
precipitation followed by DEAE ion-exchange chromatography resulted in a pure fraction
(first Pesk, Fig. 8). Chromatographic pattern of purified rabbit * antibodies against PDC-109
with phosphate buffer pH 8.0 (first pesk) and phosphate buffer + 200 mM NaCl (second
peek) isshownin Fig 8.

Concentration of ‘antibodies against PDC-109' in eluted fractions

The concentration of ‘antibodies againg PDC-109' in two pooled euted fractions
(first and second peak) was 15.7 + 0.3 and 10.5 + 0.4 mg/ml on protein basis.

SDS-PAGE analysis of ‘antibodies against PDC-109'

Fgure9 showstheresultsof SDS-PAGE for determining the purity of 1gG by ammonium
sulphate precipitation followed by DEAE ion-exchange chromatography in which a distinct
polypeptide band with molecular weight about 50 kDa corresponding to rabbit 1gG heavy
chains and diffused band, molecular weights of 25 kDa corresponding to rabhbit 1gG light
chainsis evident. The SDS-PAGE andyss showed that purification of 1gG by ion-exchange
chromatography could yield an antibody rich fraction from rabbit hyper immune seraiin two
peaks.

4.6 Physico-mor phological characteristics

Effect of sequestration of PDC-109 on various physico-morphological characteristics
infresh, pre-freeze (at the end of equilibration period) and post-thaw semen has been presented
below.

a.  Individual motility

The mean vaue of individua motile spermatozoa in fresh, pre-freeze and post-thaw
semen has been presented in Table 1, Fig. 10.
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Fig. 10 : Effect of sequestration of PDC-109 on individual motility.
The vertical column represent mean+SE



Results....

Fresh semen

The mean valueswere 78.50 + 1.83, 78.83 + 1.79, 78.17 + 1.83 and 77.87 + 1.80
per cent in group 1, 2, 3 and 4 respectively.

There was no sgnificant difference in per cent individud matility of spermatozoa in
different trestment and control groups.

Pre-freeze

The pre-freeze per cent individua motility of spermatozoawas 72.17 £ 1.82, 71.0 +
1.80, 75.33 £ 1.80 and 59.67+1.81 in group 1, 2, 3 and 4 respectively.

The per cent individua motility of spermatozoadiffered Sgnificantly (p<0.01) in group
4 as compared to control and other trestment groups.

Post-thaw

The mean value of post-thaw individua motility was 47.00 + 1.86, 48.67 + 1.85,
56.67 £ 1.83, and 40.33 £ 2.93 per cent in group 1, 2, 3 and 4 respectively.

Therewas significant differencein group 3 (p<0.01) and group 4 (p<0.05) compared
to group 1 (control) and group 2.

In these groups per cent decrease in motility observed at pre-freeze stage from mean
values in fresh semen was 6.33, 7.83, 2.74 and 18.2 in group 1, 2, 3 and 4 respectively,
indicating highest decrease in group 4 than other three groups.

Per cent decrease in moatility observed in post-thaw semen from pre-freeze vaues
was 25.17, 22.83, 9.16 and 19.34 in groups 1, 2, 3 and 4 respectively, indicating lowest
decreasein group 3.

b.  Per cent live spermatozoa

The results observed in fresh, pre-freeze and post-thaw semen samples have been
presented in Table 2 (Fig. 11 and 12).

Fresh semen

The mean per cent live spermatozoa observed in fresh semen samples were 83.83 +
2.18,8250+ 2.17,86.33+ 2.18 and 81.83 £ 2.16 in group 1, 2, 3 and 4 respectively.
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Fig.12: Liveand dead sper matozoa after stainingwith eosin-nigrosin



Results....

The above results showed higher mean valuesin group 3 wheressit was comparable

in group 2 and 4 with group 1 (contral).
Pre-freeze

The mean per cent live spermatozoa at pre-freeze stagewere 75.17 + 2.42, 75.33 +
2.18,83.83 £ 218 and 70.33 + 2.18 in group 1, 2, 3 and 4 respectively.

The data presented above showed a significant (p<0.05) differencein per cent viable
spermatozoain group 3 ascompared to control aswell asother two treatment groupswhereas

no difference was observed in group 2 and 4 than control.
Post-thaw

The mean post-thaw per cent live spermatozoa were 60.33 + 2.19, 61.50 + 2.19,
69.50 + 2.16 and 49.67 = 2.16 in group 1, 2, 3 and 4 respectively.

Thevauesdiffered sgnificantly in group 3 (p<0.05) aswdll asingroup 4 and (p<0.01)

compared to control. However it was sSimilar in group 2 and group 1.

In four groups per cent decrease in viability observed at pre-freeze stage from mean
values in fresh semen was 8.66, 7.17, 2.5 and 11.5 in group 1, 2, 3 and 4 respectively,
indicating lowest decrease in group 3 and highest in group 4.

Per cent decreasein viability observed in post-thaw semen from pre-freeze value was
14.84,13.83, 14.33 and 20.66 in groups 1, 2, 3 and 4 respectively, indicating highest decrease
in group 4.

c. Hypoosmotic swelling response

The mean vaues of HOS responsive spermatozoain fresh, pre-freeze and post-thaw
semen samples has been shown in Table 3 and depicted in Fig. 13 and 14.

Fresh semen

The mean per cent HOS responsive spermatozoawas 77.17 £ 1.75, 77.5 £ 1.62,
83.33+£1.71, and 76.83 £ 1.69 in group 1, 2, 3 and 4 respectively.

Therewasno sgnificant differencein HOS respons ve spermatozoain different groups.
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Results....

Pre-freeze

The mean pre-freeze per cent HOS responsive spermatozoawas 67.5 + 1.75, 68.17
+1.75, 78.83 £ 1.69, and 63.33 + 1.72 in group 1, 2, 3 and 4 respectively.

There was non sgnificant difference in different groups.

Post-thaw

The mean post-thaw per cent HOS responsive spermatozoa was 58.50 £1.32, 60.5
+1.75,68.67 £ 1.62 and 47.53 £1.92 in group 1, 2, 3 and 4 respectively.

TheHOS response wassignificantly different in group 3 (p<0.05) and group 4 (p<0.01)

compared to control and group 2.

In these groups per cent decrease in HOS responsive spermatozoa observed at pre-
freeze stage from mean valuesin fresh semen was 9.67, 9.33, 4.5 and 13.5ingroups 1, 2, 3
and 4 respectively, indicating lowest decrease in group 3 than other three groups.

Per cent decrease in HOS response observed in post-thaw semen from pre-freeze
vaueswas9.0, 7.67, 10.67 and 15.83ingroups 1, 2, 3 and 4 respectively, indicating maximum
decreasein group 4.

d. Acrosomal integrity by Giemsa stain

The mean vaues of spermatozoawith intact acrosomein al groups as determined by
Giemsagtaining in fresh, pre-freeze and post-thaw semen samples (Table 4, Fig. 15 and 16)
were assessed.

Fresh semen

The per cent spermatozoa with intact acrosome were 84.50 + 2.38, 78.67 + 2.31,
85.00 + 2.40, and 79.00 £ 2.40 in group 1, 2, 3 and 4 respectively.

No sgnificant difference in mean va ues was observed in different groups.

Pre-freeze

The mean pre-freeze values were 72.83 + 2.39, 71.67 = 2.30, 81.33 £ 2.38, and
65.83+ 2.29in group 1, 2, 3 and 4 respectively.
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spermatozoa by giemsa stain. The vertical column represent
mean+SE
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Fig. 16a: Giemsa stained spermatozoa Fig.16b: Giemsastained normal sper matozoa

showing acrosome intact and
abnormal
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Fig. 16¢c: Giemsa stained spermatozoa Fig. 16d : Giemsa stained swollen and

showing pear shape

detached acr osome

Fig. 16e: Giemsa stained spermatozoa Fig. 16f : Giemsa stained sper matozoa

showing elongated head

showing swollen head



Results....

The per cent spermatozoawith intact acrosome was sgnificantly (p<0.05) differentin
group 3 when compared to group 1 (control) and 2.

Post-thaw

The mean post-thaw vaue for spermatozoa with intact acrosome was 61.83 + 2.1,
60.67 £ 2.38, 75.17 + 2.38, and 42.67 + 2.31 in group 1, 2, 3 and 4 respectively.

The vaues were sgnificantly different (p<0.01) in group 3 aswell asin group 4 than
group 1 (control).

Infour groups decreasein per cent intact acrosome observed at pre-freeze stagefrom
that of fresh semen was 11.67, 7.0, 3.67 and 13.17 in groups 1, 2, 3 and 4 respectively,
indicating lowest decrease in group 3 and highest in group 4.

Per cent decrease observed in post-thaw spermatozoa with intact acrosome from
pre-freezevaueswas 11.0,11.0, 6.16 and 23.16 ingroups 1, 2, 3 and 4 respectively, indicating

minimum decrease in group 3 and maximum in group 4.
e. Acrosomereacted live spermatozoa by FITC-PSA stain

Themean vaue of live gpermatozoa showing acrosome reaction asassessed by FITC-
PSA and Pl in fresh, pre-freeze and post-thaw semen samples has been presented in Table 5
and depicted in Fig. 17 and 18.

Fresh semen

The mean per cent live spermatozoa in fresh semen samples were 5.33 + 2.14, 6.67
+ 211,543 £ 209 and 533 £ 211 in group 1, 2, 3 and 4 respectively. No significant

difference in mean vaues was observed in different groups.
Pre-freeze

The mean pre-freeze values were 30.83 + 2.10, 31.38 £ 2.10, 20.33 + 2.14 and
27.33+2.20in group 1,2, 3and 4 respectively.

The mean vaue of acrosome reacted live spermatozoa was sgnificantly (p<0.05)
different in group 3 and 4 than control.

Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -81-
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Fig. 17 : Effect of sequestration of PDC-109 on percent acrosome
reacted live spermatozoa stained by FITC-PSA + Pl. The
vertical column represent mean+SE
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Fig. 18b : Spermatozoa acr osome stained with FITC PSA

Fig. 18c: Spermatozoa acrosome stained with Pl
showing dead sper matozoa
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Fig. 18e: Spermatozoa acrosome stained with FITC
PSA + PI
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Fig. 18f : Spermatozoa acrosome stained with FITC
PSA + Pl



Results....

Post-thaw

The mean post-thaw values were 43.67 = 2.11, 44.33 + 2.11, 30.83 £ 2.10 and
36.67 + 2.30ingroup 1, 2, 3 and 4 respectively.

The mean values differed significantly in group 3 (p<0.01) and group 4 (p<0.05) than
control.

Inthese groups, per cent increasein mean val ue of acrosome reacted live spermatozoa
a pre-freeze stagefrom freshwas 25.5, 24.7, 14.9 and 22.0ingroup 1, 2, 3and 4 respectively.

Per cent increase in mean vaue a post-thaw stage from pre-freeze value 12.8, 12.9,
10.5 and 9.3 in group 1, 2, 3 and 4 respectively. The results indicated minimum increase in
acrosome reacted spermatozoain group 3 than other groups.

f. Cholesterol content of spermatozoa

The mean cholesterol content of spermatozoa (ug/200 million) in fresh, pre-freezeand
post-thaw semen samples has been presented in Table 6 and Fig. 19.

Fresh semen

The mean cholesterol content of spermatozoa (ug/100 million) in fresh semen was
23.35+£0.93,20.85+£0.91, 23.35+ 0.93and 20.85+ 0.93ingroup 1, 2, 3 and 4 respectively.

The mean vaues in group 2, 3 and 4 showed no sgnificant difference with thet of
group 1.

Pre-freeze

The mean pre-freeze cholesterol content was 9.72 + 0.93, 9.43 £ 0.82, 14.95 +
0.96, and 8.50 £ 0.82 (ug/200 million spermatozoa) in group 1, group 2, group 3 and group
4 respectively.

A ggnificant (p<0.05) differencein cholesterol content of spermatozoawas observed
in group 3 compared to group 1 (control), 2 and 4.
Post-thaw

The mean post-thaw cholesterol content of spermatozoa was 7.26 + 0.75, 7.61 +
0.93, 11.60 % 0.89, and 6.93 = 0.93 (ug/100 million spermatozoa) in group 1, 2, 3 and 4
respectively.
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Fig. 19 : Effect of sequestration of PDC-109 on cholesterol content of
spermatozoa. The vertical column represent mean+SE



Results....

The vaues were sgnificantly (p<0.05) different in group 3 compared to group 1

(contral).

Decrease in per cent cholesterol content of spermatozoaat pre-freeze stage from that
of fresh semenwas 13.63, 11.42, 8.4 and 12.35in groups 1, 2, 3 and 4 respectively, indicating
lowest decrease in group 3.

Pogt-thaw decreasein per cent cholesterol content of spermatozoafrom that of mean
vauein pre-freeze semen was 2.46, 1.82, 3.35and 1.57 in groups 1, 2, 3 and 4 respectively.

g. Invitro capacitation and acrosome reaction
Pattern F (non capacitated or acrosome intact)

The per cent spermatozoa showing pattern F in fresh, pre-freeze and post-thaw semen
samples (Table 7, Fig. 20 and 21) were assessed.

Fresh semen

The mean valuewas 79.83 £+ 1.36, 80.81 + 1.30, 80.67 + 1.36, and 80.17 = 1.29in
group 1, 2, 3 and 4 respectivey in fresh semen.

Pre-freeze

The pre-freeze per cent spermatozoa exhibiting pattern F were 28.83 + 1.31, 29.50
+ 1.36,59.67 £ 1.31 and 19.00 £ 1.36 in group 1, 2, 3 and 4 respectively.

The results showed a sgnificant difference of mean vaues in group 3 (p<0.01) and
group 4 (p< 0.05) whereas it was non sgnificant in group 2 than group 1.

Post-thaw

The post-thaw mean vaue for spermatozoa showing pattern F was 14.83 £ 1.29,
16.83 + 1.30, 44.50 + 1.36 and 17.33 + 1.31 per cent in group 1, 2, 3 and 4 respectively.

The above vaues showed a significant (p<0.01) difference in group 3 compared to
group 1 (contral).

Spermatozoa showing pattern F in pre-freeze semen reveded a decrease of 51.0,
51.33, 21.0 and 61.17 per cent from mean vaues in fresh semen in groups 1, 2, 3 and 4
respectively, indicating minimum decrease in group 3 wheress it was highest in group 4.
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Fig. 20 : Effect of sequestration of PDC-109 on percent non capacitated

spermatozoa in CTC stain. The vertical column represent
mean+SE
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Fig. 21a: Spermatozoa stained with CTC showing non capacitated,
capacitated and acrosome reacted head

Pattern F
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Fig. 21b : Spermatozoa stained with CTC showing non capacitated,
capacitated and acrosome reacted head



Results....

The mean post-thaw vaue for pattern F spermatozoa at post-thaw stage showed a
decrease of 14.0, 12.67, 15.17 and 1.67 per cent from those of pre-freeze mean vauesin
groups 1, 2, 3 and 4 respectively.

Pattern B (capacitated)

The mean per cent spermatozoashowing pattern B in fresh, pre-freeze and post-thaw
semen samples has been presented in Table 8 and Fig. 21 and 22.

Fresh semen

The mean va ue of spermatozoaexhibiting pattern B was 15.00 + 1.57, 13.83 + 1.50,
13.50 + 1.48 and 14.67 £ 1.42 per cent in group 1, 2, 3 and 4 respectively.

Pre-freeze

The mean pre-freeze vaue of pattern B spermatozoa was 46.83 + 1.37, 51.83 +
1.57,29.33 £ 1.32 and 50.67 = 1.67 per cent in group 1, 2, 3 and 4 respectively.

Themean vaueswere sgnificantly (p<0.01) different in group 3 than group 1 (control).
Post-thaw

The mean per cent post-thaw spermatozoa showing pattern B was 52.00 + 1.42,
55.17 +1.59,41.50 + 2.1 and 58.33 = 1.9 in group 1, 2, 3 and 4 respectively.

The results above indicated a Sgnificant (p<0.05) difference in group 3 than group 1

(contral).

Pattern B spermatozoain pre-freeze semen showed aincrease of 31.83, 38.0, 15.83
and 36.0 per cent from mean vaues in fresh semen in groups 1, 2, 3 and 4 respectively,

indicating minimum increase in group 3.

The mean value at post-thaw stage showed aincrease of 5.17, 3.34, 12.17 and 7.66

per cent from mean vaues in pre-freeze semen in groups 1, 2, 3 and 4 respectively.
Pattern AR (acrosomereacted)

The mean per cent permatozoa exhibiting pattern AR in fresh, pre-freeze and post-
thaw semen samples have been presented in Table 9 and Fig. 21 and 23.
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Fig. 22 . Effect of sequestration of PDC-109 on percent capacitated
spermatozoa in CTC stain. The vertical column represent
mean+SE
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Fig. 23 : Effect of sequestration of PDC-109 on percent acrosome
reacted spermatozoa in CTC stain. The vertical column
represent meanzSE



Results....

Fresh semen

The per cent mean value of pattern AR spermatozoawas 5.17 + 1.74, 5.33 + 1.52,
5.83+1.68,and5.16 £ 1.70ingroup 1, 2, 3 and 4 respectively.

Pre-freeze

The mean per cent spermatozoa exhibiting pattern AR was 24.33 + 1.36, 18.67 +
1.90, 11.00 = 1.74 and 30.33 + 1.79 in group 1, 2, 3 and 4 respectively in pre-freeze

condition.

Themean vauesweresgnificantly different in group 3 (p<0.01) and group 4 (p<0.05)

compared to group 1 (control).
Post-thaw

The per cent post-thaw value of pattern AR spermatozoawas 33.17 + 1.84, 28.00 +
1.72,24.00 £ 1.74 and 24.33 + 1.80 in group 1, 2, 3 and 4 respectively.

Theresults aboveindicated asgnificant (p<0.05) differencein mean vauesin group 3

than group 1 (control).

Spermatozoa showing pattern AR in pre-freeze semen reveded aincrease of 19.16,
13.34, 5.17 and 25.17 per cent from mean vaues in fresh semen in groups 1, 2, 3 and 4
repectively, indicating minimum incresse in group 3.

Pattern AR Spermatozoa at post-thaw stage showed a increase of 8.84, 9.33, 3.0
and 6.0 per cent from mean vaues in pre-freeze semen in groups 1, 2, 3 and 4 respectively.

h.  Zonabinding ability of post-thaw sper matozoa

The mean vaues of zona binding assay (binding per cent and binding index, BP and
BI, respectively) for semen samples of dl the four groups after freezing-thawing (Table 10,
Fig. 24 and 25) were eval uated.

The BP and Bl for semen sampleswere 58.06 + 4.7 and 47.16 + 7.5; 56.92 + 3.8;
and 43.26 + 6.2; 65.63 + 4.7 and 79.96 + 7.6, and 50.76 £ 4.7 and 31.77 £ 8.6 in group 1,
2, 3and 4 respectively.
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Fig. 24 . Effect of sequestration of PDC-109 on heterologous zona
binding. The vertical column represent mean+SE

Fig. 25a : Denuded buffalo oocyte Fig. 25b : Capacitated spermatozoa
after removal of bound to zona pellucida of a

surrounding cumulus cells matured oocyte

s L

Fig. 25c : Penetrated oocyte showing first cellular division




Results....

The above results indicated significant difference in group 3 (p<0.01) and group 4
(p<0.05) compared with group 1 (contral) for Bl in post-thaw spermatozoa. No significant

differencein values for BP in three groups in comparison to group 1 was observed.

&5 25 2
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Discussion

It has been established that PDC-109 in semind plasmaisbeneficid during fertilization
in femae reproductive tract by inducing capacitation, acrosome reaction and zona binding,
hyper-activation aswdl ashy hel pingin formation of oviduct-spermatozoareservoir. In contrast,
bovine seminad plasma proteins adso induce changes in the sperm plasma membrane by
continuoudy stimulating cholesterol and phospholipids efflux in a time and concentration
dependent manner. It was therefore postulated that detrimenta effect of excess PDC-109
(mgority congtituent of BSP proteins) on the spermatozoa during cryopreservation could be
minimized to certain extent by sequestration of PDC-109 from the gaculate a the time of

collection aswell as during processing.

Thusthe present study was designed to investigate the effect of sequestration of PDC-
109 & collection aswdl asduring processing and the effect of sequestered semen on minimization
of cryodamages and in vitro fertilizing ability of spermeatozoa

Briefly, PDC-109 wasisolated, purified and characterized, antiseraraised againgt itin
rabbitsand then the* antibodies against PDC-109 was added in extender to cause sequestration
of PDC-109 from the g aculates of variousgroups. Ejaculatesthus collected were then eva uated
for various semind parameters and results were compared with control. For the purpose of
investigation four groupsformed were group 1: control; group 2: Direct collection of gaculates
in EYTG; group 3: Collection of gjaculatesin test tubes coated with ‘ antibodies against PDC-
109, later processed in EY TG and group 4: Extender containing ‘antibodies against PDC-
109 but no EY.



Discussion....

5.1 Isolation of PDC-109

5.1.1 Total protein concentration

Protein content was estimated by Lowry’s protocol (Lowry, 1951, Fig. 1) in semina
plasma before isolation of PDC-109. The value of total proteing/ml (90.1 £ 5.6) present in
semind plasmaisin agreement with thefindings of Kulkarni et al. (1995), Harshan (2007) and
Loyi (2008) but was lower than those reported by Seshagiri and Pattabhiraman (1991). The
difference might be due to difference in breed and age.

Isolated Heparin Binding Proteins (HBP) of crossbred bull semen in terms of quantity
(mg/ml) and per cent of tota proteins in present investigation were 27.9 £ 0.6 and 30.9,
respectively. The HBP fraction isolated in this study does not represent the whole of the
heparin binding class of proteinsin crossored bull semind plasma. Asthe proteinswere duted
from heparin-Sepharose column using choline chloride, thus they represent only that fraction
of HBP which bind to choline chloride. The findings reported here are in agreement with
results of Harshan (2007). Nauc and Manjunath (2000) evauated the concentration of each
BSP proteins by respective radio immune assays in the semind plasma of 25 individud bull
gaculates and indicated that BSP proteins represent 31.4 to 46.7 mg/ml in semind plasma
whereasthetotal protein was 73.5to 93.0 mg/ml. Nauc and Manjunath (2000) a so observed
variations in the concentration of total proteins and BSP proteins in split gaculates from the
samebull. They reported that BSP proteinsin semind plasma congtituted an average of 47 per
cent of the total protein fraction. In a study conducted by Bellin et al. (1994) the average
concentration of total HBP represented 19.2 and 0.14 mg/ml of gaculate in bovine semind
plasma and sperm membrane, respectively.

In the present investigation, PDC-109 congtituted 21.7 + 0.42 mg/ml, representing an
average of 24.1 per cent of totd protein fraction of crossbred bull semina plasma. Above
findings are in agreement with results reported by Harshan (2007) but lower than Nauc and
Manjunath (2000). In the study conducted by Nauc and Manjunath (2000) concentration of
PDC-109 was much higher when compared with other semina plasma proteins, and this
protein alone represented an average of 38 per cent of the total protein fraction. While Nauc
and Manjunath (2000) had utilized radio immune assay of whole semind plasmato quantitate
PDC-109, the present study employed progressive purification of the protein using two stage
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Discussion....

chromatographic procedures, each of these stepsleading to aloss of certain amount of protein.
This might be the reason for the low recovery rate of PDC-109 and other proteins observed
inthissiudy. Cavete et al. (1994) quantitated PDC-109 (15-20 mg/ml) which is lower than
the vaue in present investigation. Difference in vaue might be due to difference in purification
procedure.

5.1.2 Elution profile of the purified proteins

Thedution profileof dl theHBP proteins purified by afinity chromatography resembled
thetypica graph of affinity chromatography with asharp risein the O.D. and agradud tailing.
Elution of HBP from heparin-Sepharase column using choline chloride reveded (sharp risein
fraction 3and 4, trailing in 5 and 6) Smilar eution profiles (Fig.2). Smilar observations (sharp
riseinfraction 2 and 3) were made for the eution of PDC-109 from DEAE-Sephadex column
using choline chloride (Fig.3). Elution pattern for isolation of HBP and PDC-109 observed in
present investigation was aso reported by Harshan (2007).

5.1.3 Electrophoresis of seminal plasma proteins

Eluted semind plasmaprotein viz. HBP and PDC-109 after affinity and ion-exchange
chromatography were subjected to discontinuous SDS-PAGE to assess the purity of the
protein and to characterize the proteins for their molecular weight.

Inthe present study the analysisof HBP proteinson SDS-PA GE revea ed three bands
inthe region of 14 to 17 kDa and 28 to 30 kDa (Fig.4). The result isin accordance with the
findings of Manjunath et al. (1989), who reported that BSP-A1, BSP-A2 and BSP-A3 had
apparent molecular masses ranging from 15 to 17 kDa and the BSP-30 kDa protein had a
molecular mass of 28 to 30 kDa. BSP-A1 and -A2 aso designated as PDC-109 which has
an identical amino acid sequence but their difference resdes in their degree of glycosylation.
Thetwo proteins essentidly represent the same protein groups hence the smilarity inthe SDS
PAGE profile. BSP-30kDa is adso a glycoprotein, whereas BSP-A3 does not contain any
carbohydrate (Salois et al., 1999).

In this study after electrophoresis of the PDC-109, purified protein appeared as
doublets, representing thetwo proteins (BSP-A 1 and -A2) congtituting PDC-109. Gwathmey
et al. (2003) aso observed purified PDC-109 as doublets. The bands represent the
glycosylated and non-glycosylated forms (Manjunath and Sairam, 1987; Gerwig et al ., 1996).
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Discussion....

5.1.4. Production and evaluation of antisera
a. Immunodiffusion assay

Hyper immune serawasraised infour male New Zedand Whiterabbits. Theproduction
of antisera (‘antibodies against PDC-109" or 1gG rich fractions) was subjected to
immunodiffusiontest. Figure 6 showsthat three out of four ma e rabhbits responded to antigenic
simulation with PDC-109 by producing antisera as evident from gppearance of clear band in
immunodiffusion assay. Absence of antigenic response in fourth rabbit could be atributed to
non specific factorssuch assub dinica disease or individua variation in responding to antigenic
dimulation.

b.  EnzymeLinked Immuno Sorbent Assay

The antisera collected from rabbitswere eval uated for itstitre by checker board assay
employing serid dilutions of antigens and antibodies. An antibody titre of 1:400 was found
suitable and an antigen concentration of 225 ng was found optimum. The above findingswere
in accordance with those reported by Harshan (2007).

5.1.5 Western blot of PDC-109

Isolated and purified PDC-109 was probed with the raised antisera. The devel opment
of asingle brown band in the lane indicated the specificity of the antisera (Fig.7). Nauc and
Manjunath (2000) reported that antibody raised against PDC-109 did not cross react with
any other antigen verifying the specificity of the antigen-antibody interaction. A doublet was
detected by anti-PDC-109in the a cohol precipitate of crude and purified PDC-109 (Harshan,
2007).

5.1.6 Purification and SDS-PAGE analysis of ‘antibodies against PDC-109’

The hyper immune sera collected from antigenic responsive male rabbits were pooled
and subjected to ammonium sulphate precipitation followed by DEAE ion-exchange
chromatography which resulted in a pure fraction as seen by first peak in Figure 8.
Chromatographic pattern of purified rabbit ‘antibodies againg PDC-109' with phosphate
buffer pH 8.0 (first peek) and phosphate buffer + 200 mM NaCl (second peak) isshownin
Figure 8. The concentration of ‘antibodies againgt PDC-109 in two pooled duted fractions
was 15.7 £ 0.3 and 10.5 + 0.4 mg/ml on protein basis for first and second peak respectively.

Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -103-




Discussion....

Fgure9 showstheresult of SDS-PAGE for determining the purity of 1gG by ammonium
sulphate precipitation followed by DEAE ion-exchange chromatography in which a distinct
polypeptide band with molecular weight of about 50 kDa corresponding to rabbit 1gG heavy
chains and diffused band, molecular weight of 25 kDa, corresponding to rabbit 1gG light
chainsisvisble. The SDS-PAGE andyss showed that purification of 1gG rich fractions could
be achieved using phosphate buffer and phosphate buffer + NaCl on ion-exchange

chromatography.

5.1.7 Evaluation of seminal attributes at initial stage

For isolation and purification of PDC-109, semen sampleswere evauated for semind

attributes before separation of seminal plasma.
a. Volume

The mean gaculate volume of semen sample recorded in present study was 3.14 +
0.5 ml. The finding is in agreement with other workers (Midhra et al., 1989; Patdl et al.,
1989). Loyi (2007), whileworking on freezable and non freezable semen samples of crossbreds,
observed that g acul ate volume had no influence on semen quality. However, gaculate volume
has an important bearing on tota number of frozen semen straws harvested from each bulll,
affecting economics of samen production. Thevariation in the semen volume could beinfluenced
by the age (Rga and Rao, 1983), individua bull factor, month of collection (Rao and Rao,
1978) and season (Bhoite et al., 2008).

b. Massactivity

In present study, the average mass activity of semen sampleswas3.1+ 0.4 onascde
of 0to 5. Theresault isin agreement with findings of other workers (Mishraet al., 1989; Patel
et al., 1989). Higher mass activity is associated with freezability (Sethi et al., 1989). A
conagtently high mass activity isindicative of fertility of abull (Agarwa et al., 1987).

C. Concentration

The average spermatozoa concentration in present study was found to be 840.55 +
35.42 million/ml. Thefinding is comparable with those reported by Agarwd et al. (1987) and
Patel et al. (1989). The concentration of spermatozoa is important for the production of
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maximum number of frozen semen straws. Loyi (2007) observed that concentration of
spermatozoa in the semen was dgnificantly (p<0.05) corrdated with the individua moatility.
Concentration of spermatozoa is greetly influenced by individua bull factor (Agarwd et al.,
1987), season (Patel et al., 1989), breed, environmenta factors (Tomar et al., 1985) and age
(Rao and Rao, 1978).

5.1.8 Physico mor phological characteristics of treatment groups

Before discussing the effect of sequestration of PDC-109 on the various spermatozoa
parameters evauated in the study, a discussion about the possible mode of action of PDC-
109 on spermatozoa would be helpful.

At gaculation spermatozoaare exposed to the semind fluid, which containsthe PDC-
109 contributed by semind vesicles. During thisbrief exposurethe proteinsremove asignificant
amount of cholesterol, which is dso accompanied by the release of some phospholipids.
Manjunath and Therien (2002) found thet this cholesterol efflux from epididyma spermatozoa
is concentration and time dependent. Studies with BSP proteins by the same authors have
shown that an exposure of 15 to 30 min leadsto 7 to 15 per cent cholesteral efflux while an
exposure of 4 h leads to 25 per cent cholesterol efflux. Though the BSP proteins induce a
sgnificant cholesteral efflux, thisisinsufficient to complete capacitation. A second cholesterol
efflux induced by HDL (discussed later) inthefemde genitd tract may be essentia for completion
of capacitation and acrosome reaction. Studies on goat spermatozoa by Iborraet al. (2000)
indicated that remova of about 30% cholesterol from sperm membranes did not induce any
capacitation and acrosomereaction. A release of about 50-65 per cent cholesterol wasrequired
to induce capacitation and acrosome reaction. Ehrenwald et al. (19884) did not detect any
acrosome reected bovine spermatozoa even after 31 per cent cholesterol efflux. This lipid
efflux resulting in decreased choleterol to phospholipids ratio, may dightly destabilize the
sperm membrane, thus priming for spermatozoa capacitation. Davis (1980) observed that
capacitation involves a decrease in membrane cholesterol to phospholipids ratio. During
cgpecitation, cholesteral islogt from the perm plasmamembrane, and when sufficient cholesterol
is removed, the membrane becomes ungable, enhancing its ability to fuse with the outer
acrosoma membrane, resulting in the acrosome reection (Nolan et al., 1992). These initid

changes gppear to be areversble phenomenon that influences the fluidity and ionic permesbility
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of the sperm membrane (Langlaisand Roberts, 1985). Davis (1981) based on severa studies,
proposed that the loss of cholesteral from the perm membrane and the resulting decrease in
the cholesterol/phospholipids (C/P) molar ratioisan important step in the process of spermatozoa
capacitation. Thisconcept issupported by other studies (Fleming and Y anagimachi, 1981; Go
and Wolf, 1985; Ehrenwald et al., 1988a; Cross, 1996).

The PDC-109 and 30 kDa proteins were found to stimulate specific cholesterol and
phospholipids efflux of up to 29.5 + 4.7 per cent (Therien et al., 1999). This cholesterol and
phospholipid efflux induces plasma membrane lipid reorganization, ultimately increasing,
membrane permeability to Cat*, HCO, and K* (Visconti and Kopf, 1998). High intracellular
concentrations of theseionsare required for aspermatozoon to undergo the acrosomerreaction
(Parrish et al., 1999) as well asto fuse with the oocyte (Brewis and Moore, 1997).

In order to enable the spermatozoato undergo heparin-mediated capacitation, heparin
must interact with sperm membrane bound BSP proteins. Therien et al. (1997) observed that
g aculated spermatozoa are coated with al three BSP proteins, al of which promote heparin-
induced capacitation. Binding of antibodies to any one type of BSP proteins prevents the
interaction of heparin with the other BSP proteins possibly by steric hindrance (Lane et al.,
1999).

PDC-109 can not stimulate cholesteral efflux or acrosome reaction of the epididymal
spermatozoain the absence of heparin (Therien et al., 1998). Factors present in the follicular
fluid (heparin, heparin like proteoglycans or other glycosaminoglycans) are necessary for the
PDC-109 to act a the right time in the right place (Therien et al., 1995). Because of this
requirement the sperm begin their capacitation only within the femae genitd tract remaining
incapacitated until they reach the appropriate time and place for capacitation.

The destabilization of the sperm plasma membrane is dso contributed by prolonged
exposure of spermatozoato PDC-109 during cryopreservation process (Therienet al ., 1995).
The increase in permesbility of sperm plasma membrane could be due to the direct effect of
cholesterol efflux induced by the presence of PDC-109 in higher concentration in semind
plasma. Theincreasein permesbility of plasmamembrane produces capacitation like changes

in cryopreserved spermatozoa.
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The vaue of semind atributes of the semen samples of al four groups were dso
sudied in fresh semen with the view to make effective comparison of vaues obtained at later
stages (pre-freeze and after freezing-thawing) of experiments. The mean vaues of semind
atributes in fresh semen were important for discussion of smilar vaues especidly for HOST,
cholesterol estimation and, in vitro capacitation aswell as acrosomereaction. The pre-freeze
evauation of various semina physico-morphologica charactestics, in vitro capacitation,
acrosome reaction and cholesterol content of spermatozoa in different groups were carried
out with the am of evauating the effect of sequestration of PDC-109 on the spermatozoa
before they were subjected to the stress of cryopreservation. The data obtained would aso
help to gppreciate the degree of change or protection provided by the sequestration of PDC-
109 from the seminal plasmato the spermatozoa during subsequent cryopreservation process.
In addition to above, heterologous zona binding assay was carried out usng post-thaw
spermatozoa of four groups.

a.  Effect of sequestration of PDC-109 on individual motility

The mean vaue of pre-freeze individud moatility of spermatozoa was sgnificantly
(p<0.01) different in group 4 than group 1 (control). In these groups per cent decrease in
motility observed at pre-freeze stage from mean vaues in fresh semen was 6.33, 7.83, 2.74
and 18.2ingroup 1, 2, 3 and 4 respectivey, indicating highest decrease in group 4 than other
three groups (Table 1, Fig. 10).

Themean vadueof individud moatile spermatozoaafter freezing-thawing showed (Table
1) asgnificant difference in group 3 (p<0.01) and group 4 (p<0.05) than groupl (contral).
Per cent decrease in motility observed in post-thaw semen from pre-freeze vaueswas 25.17,
22.83, 9.16 and 19.34 in groups 1, 2, 3 and 4 respectively, indicating lowest decrease in
group 3.

The result obtained for individua moatility in fresh semen is in agreement with those
reported by Singh et al. (1972) and Loyi (2007). Ejaculates having individua moatility of 70
per cent or more were considered freezable, (Loyi, 2007). Significant correlation between
individual matility and fertility had been observed by Singh et al. (1972) and with freezability
by Rana and Dhami (2004).
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Harshan (2007) while using epididymal spermatozoa, observed that the group trested
with 40 pg PDC-109/ml had dignificantly higher (p<0.05) pre-freeze matility than the
spermatozoa in control. In the same study, it was observed that spermatozoa of the group
treated with high concentration of PDC-109 (120 pg/ml) had significantly lower pre-freeze
motility than the other groups. The results indicated that PDC-109 stimulates motility of
spermatozoa but the effects were dose dependent with higher concentrationsbeing del eterious.
Similar results were obtained in a study by Kumar (2005) and Harshan et al. (2006), where
the buffalo cauda epididymal spermatozoa were treated with heparin-binding protein.

PDC-109 changes biophysica membrane properties, eventudly resulting in increased
gpermatozoa motility. Sanchez-Luengo et al. (2004) purified PDC-109 from bull semind
vesicle extracts and studied its effect on spermatozoamoatility. The experiments demonstrated
that PDC-109 Sgnificantly increases soermatozoamoatility. Theauthorsstudied calcium-pumping
mechanisms by monitoring the effect of PDC-109 on various parameters of enzyme activity of
Ca®@)-ATPase in epididyma sperm plasma membranes and compared them with Ca®@*-
ATPase activities from other organs and from epididyma spermatozoa of different pecies.
They observed that enzyme activities of both Mg?*) - dependent and Mg®@?-independent Ca
(29)-ATPases increased in a dose-dependent manner following the addition of the PDC-109
(range 5-20 mg/ml). Preincubation of PDC-109 at temperatures above 37°C and pH ranging
from below 6.5 and above 8.5 led to the loss of the stimulatory effect. An andyss of enzyme
kinetics pointed to irreversible, cooperative interaction of PDC-109 with the enzyme. The
effect was organ-specific, that is, restricted to spermatozoa ATPases, but it was not species-
specific, asit could be dicited dso in rat spermatozoa. Sanchez-Luengo et al. (2004) found
that on addition of 2 uM of PDC-109, the dtraight line velocity increased from abasd vaue of
9.6 £ 0.14t042.4 £ 0.10 pm/s. Average path velocity (umv/s) increased from abasa vaue of
19.2 £ 0.07 to 52.2 + 0.11 after adding 2 uM proteins. Curvilinear velocity (um/s) ranged
from 44.5 £+ 0.13 without protein to 100.9 + 0.23 after addition of 2 uM of PDC-109.
Increasing the amount of PDC-109 to 4 uM did not further enhance the velocity. Therdative
number of spermatozoa with enhanced motility was not increased after further addition of
PDC-1009.

The change in membrane phospholipids concentration in mid-piece may be involved

in dterations of other plasma membrane components of the sperm tail, resulting in anincrease
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intheintracdlular Ca¢* and cAMP leve sthat support increased matility. Therole of CAMPIN
regulating mammadian oermatozoamoatility iswel established (Y anagimachi, 1994). Theremova
of cholesterol with aresultant change in sperm plasmamembrane fluidity could modulate Cae*
and HCOz ion fluxes, leading to activation of adenyl cyclase resulting in increased CAMP, it
would in turn induce protein tyrosine phosphorylation (Visconti et al., 1998). Lin and Kan
(1996) reported that the changesin cholesteral leve in the plasmamembrane over the middle

piece and principa piece may increase the latera mobility of membrane components.

Therien et al. (1995) observed that PDC-109 stimulated the efflux of spermatozoa
cholesteral in adose dependent manner observing that matility of bovine spermatozoadecreased
from about 80 to 90 to 10 to 20 per cent in the beginning of the incubation period (6 to 8 h)
when 120 pg/ml of PDC-109 was present. The effect could be due to a higher efflux of
cholesterol than the leve, which provides optimum membrane fluidity for matility. Therefore,
sequedtration of PDC-109 from the semen samples by the combined effect of antibodies
againg and LPC from egg yolk in group 3 resulted in higher pre-freeze moatility percentage. It
seemsthat presence of antibodies against PDC-109 aone (in absence of LPC from egg yolk)
in premeditated ratio of 1:1 with protein in group 4 was not sufficient to cause sufficient
sequestration of protein leading to loss of matility per cent, adecrease of 18.2 per cent (Table
1) from that of fresh semen. Alternately, a continuous and steady stimulation of spermatozoa
metabolism by remaining PDC-109 in semind plasma due to incomplete sequedtration of
proteinin group 4 might lead to loss of energy, leading to spermatozoawasting and decreased
matility.

At post-thaw stage spermatozoa of dl the protein treated groups had significantly
lower moatility than the spermatozoa of control group in a dose dependent manner with the
highest dose showing the greatest reduction in spermatozoa matility Harshan (2007). Smilar
findings were aso reported by Kumar (2005).

It was evident from the findings of Harshan (2007) that prolonged exposure of
spermatozoawith higher concentration of PDC-109 as during cryopreservation process leads
to damages to sperm plasma membrane caused by excessive cholesteral efflux. The stability
of sperm plasma membrane required for viability and regulating cacium uptake, is disturbed
after prolonged exposure to PDC-109 resulting in inhibitory effect on individua moatility of
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post thaw spermatozoa. Therefore, sequestration of PDC-109 by antibodies againg it and
lysophosphatidylcholine from egg yolk in group 3 was the reason for permatozoa showing
higher post-thaw individua moatility. It isprobable that sequestration of PDC-109 from semina
plasmain group 4 was not sufficient and remaining amount of protein exerted its ddeterious
effect on spermatozoa matility. Also, it was observed that no added benefit could be derived
from direct collection of gaculatesin EY TG extender (group 2) when compared to routine
processing procedure as far as individua moatility is concerned. This might be due to smilar
level of sequestration of PDC-109 from gaculates from both groups thus showing identica
post-thaw individua motility.

b.  Effect of sequestration of PDC-109 on per cent live sper matozoa

The per cent live spermatozoa in pre-freeze semen (Table 2, Fig. 11) showed a
sgnificant (p<0.05) difference only in group 3 compared to group 1 (control). In four groups
per cent decrease in viability observed at pre-freeze stage from mean values in fresh semen
was8.66, 7.17, 2.5and 11.5in group 1, 2, 3 and 4, respectively, indicating lowest decrease
in group 3 and highest in group 4.

It is evident from Table 2 that mean post-thaw live spermatozoa was sgnificantly
different in group 3 (p<0.05) and group 4 (p<0.01) than group 1 and 2. Per cent decreasein
viability observed in post-thaw semen from pre-freeze value was 14.84, 13.83, 14.33 and
20.66 in groups 1, 2, 3 and 4 respectively, indicating highest decrease in group 4 (Table 3).

The mean vaue in fresh semen is in accordance with the report of Mishra et al.
(1989), Bhoite et al. (2008) and Loyi (2008). The per cent live spermatozoa is an important
parameter while selecting gaculates for further processing in cryopreservation. Loyi (2007)
reported sgnificantly (p<0.05) higher percentage of live spermatozoa in freezable gaculates

than the non-freezable gacul ates.

Harshan (2007) had observed decrease in viable spermatozoa per cent in group
containing higher amount of PDC-109 (120vs. 40 ug PDC-109/ml). His experiment indicated
that though lower doses of PDC-109 did not affect viability, a higher amount of PDC-109 in
semind plasmais detrimentd for spermatozoa viahility.
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Fiol de Cuneoet al. (2004) observed adecrease in spermatozoamotility and viability
when cryopreserved bovine spermatozoa was incubated with PDC-109 (0.5, 1.5 or 3.0 mg/
ml) for 4 h in the presence of heparin. In accordance with these results, Way et al. (2000)
reported that exposure of bovine spermatozoa to accessory sex gland fluid accelerated cell
deeth and that rgpid remova of spermatozoa from semind plasma was critica for maximal
viability. Smilar results were obtained with respect to motility and viability when PDC-109
wastested in the absence of heparin. Therefore, it appeared that these effects of the PDC-109
were not dependent on the interaction of PDC-109 with heparin.

Manjunath et al . (2002) reported that athough PDC-109 isbeneficia for spermatozoa
function, they might be detrimenta to the spermatozoaif exposed for longer periods. In earlier
sudies, the toxic effect of semind plasma or accessory sex gland fluid on spermatozoa was
found to be concentration and time dependent (Shannon and Curson, 1972). Dott et al.
(1979) suggested that the toxic effect of semina plasmaisimmediate and perssts even after
washing spermatozoa. Thus the toxic effect of semind plasma or accessory gland fluid could
be attributed to the PDC-109 which are present in very high concentration in the semina

plasmaof bull and are not removed from spermatozoa surface even by several washing.

Thusit could be assumed that sequestration of PDC-109 from the semen samples by
antibodies againgt it and by lysophosphatidylcholine (LPC) from egg yolk in group 3 could
have led to decrease in detrimenta effect of the protein vis-avis spermatozoa viability. With
lower concentration of PDC-109 remaining in the semen samples, there was reduction in
protein induced metabolic activity and damaging efflux of cholesterol and phosphalipids from
sperm plasma membrane was aso decreased. Consequently, there was reduced sperm
membrane destabilization, resulting in higher viability percentagein group 3. However, absence
of amilar beneficid effect in group 4 might be due to presence of insufficient quantity of
‘antibodies against PDC-109' in extender in premeditated ratio of 1.1 with PDC-109 to
cause desired sequedtration of protein leading to loss of viahility.

Harshan (2007) reported that at post-thaw stage addition of PDC-109 in the semen
sample led to decrease in the per cent viability of spermatozoa after freezing-thawing, the
reduction in viability per cent was observed to be dose dependent with the group trested with
highest dose of protein showing the grestest reduction in viability per cent.
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PDC-109 wasshown to initiate cholesterol and phospholipids efflux from spermatozoa
membrane(Therienet al., 1998) and thiscould trigger adecreased stability of the spermatozoa
to a series of dtress factors to which spermatozoa are exposed during cryopreservation and
thawing. Exposure of spermatozoafor 4 hto BSP proteinsleadsto about 25 per cent cholesterol
efflux (Moreau and Manjunath, 2000). Hence, theloss of cholesterol causesthe spermatozoa
cdls to become more susceptible to dress. Altering the lipid composition of sperm plasma
membranes not only affects the ability of spermatozoa to capacitate and to acrosome react, it
a0 affects the way spermatozoa respond to cryopreservation (Purdy and Graham, 2004).

It has been reported that |oss of PDC-109 bound to sperm plasma membrane occurs
during cryopreservetion. This loss has been reported to be more than 70 per cent (Nauc and
Manjunath, 2000). They carried out RIA aided quantification of BSP in the freeze-thawed
spermatozoaand found adecrease in spermatozoa bound protein on an average of 84.0, 79.9
and 74.0 per cent for BSP-A1/-A2, BSP-A3 and BSP-30 kDa, respectively. Thisreduction
in protein itself could ether be the cause of increased susceptibility to membrane damage asa
result of associated lipid efflux leading to cryodamages which is mirrored by decreased
gpermatozoa viahility in present sudy.

Other workers have also reported that spermatozoa, following exposure to semina
plasma, become more sengitive to cold shock and freeze-thaw. Way et al. (2000) reported
that exposure of spermatozoa to accessory sex gland fluid for longer period, is toxic and
remova of spermatozoafrom semind plasmaor accessory sex gland fluid iscritica for maximum
viability. The decreasein cholesterol content of Spermatozoa gppearsto decrease Spermatozoa
resstance to cold shock and freezing. It could be assumed therefore, that as the unbound
PDC-109 content of semen sample was sequestered by antibodiesagainst it and also by LPC
fromegg yolk, it led to Sgnificant (p<0.05) increasein viahility percent in group 3. The beneficid
effect of sequestration of PDC-109 had manifested itsdlf at pre-freeze age. However, it
appears that presence of *antibodies against PDC-109" in extender in premeditated ratio of
1:1 with protein was not enough to cause sufficient sequestration of proteinin group 4 leading
to loss of viahility. It was also observed that direct collection of gaculatesin EY TG extender
(group 2) did not offer any added benefit with respect to spermatozoa viability in comparison

to routine processing where gaculates were collected and extender was added later on. This
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might be due to smilar level of sequestration of PDC-109 by presence of egg yolk LPC in
both groups manifesting in identicd viability per cent.

c.  Effect of sequestration of PDC-109 on hypo osmotic swelling response

The mean vaues of hypo-osmotic swollen spermatozoa in pre-freeze sample were
higher in group 3, and lower in group 4 than group 1 and 2. In these groups (Table 3, Fig. 13)
per cent decrease in HOS responsive spermatozoa observed at pre-freeze stage from mean
values in fresh semen was 9.67, 9.33, 4.5 and 13.5 in groups 1, 2, 3 and 4 respectively,
indicating lowest decrease in group 3 than other three groups.

The HOS responsein pogt-thaw semen was significantly different in group 3 (p<0.05)
and group 4 (p<0.01) than group 1 and 2. Per cent decrease in HOS response observed in
post-thaw semen from pre-freeze values as evident from Table 3 was 9.0, 7.67, 10.67 and
15.83in groups 1, 2, 3 and 4 respectively, indicating maximum decrease in group 4.

HOST isan important indicator of spermatozoa membrane integrity whichisrequired
very much for spermatozoa metabolism as well as for successful fertilization. Additives like
vitamin E and ascorbic acid in semen samples increased HOS response in gpermatozoa at
post-thaw (Agarwa et al., 1987).

While working with cauda epididyma spermatozoa of buffaoes, Harshan (2007)
observed maximum pre-freeze HOS response in the group treated with PDC-109 at therate
of 40 pg/ml which was attributed to beneficid effect of PDC-109 in gabilizing the sperm
membranein afirst step (Greubeet al., 2001). The decreasein HOS response of spermatozoa
with the increase in the concentration of PDC-109 was reported by Arangasamy (2003),
Kumar (2005) and Harshan et al. (2006).

Theplasmamembraneisakey organdlewith respect to spermatozoafertilizing ability.
A senstiveway of testing plasmamembranefunctiondity isto examinethe ability of soermatozoa
to moderateit’ sswelling in response to hypo-osmoatic stress (volume regulatory ability). Khdil
et al. (2006) found significant correlations between volumetric parameters and spermatozoa
oviduct binding capacity. Spermatozoa of bulls with high non return rates responded to hypo
tonicity as* perfect osmometers . Sub fertile bulls had lower binding indices and deficienciesin
volume recovery after hypotonic chalenge, indicating, that intact volume regul atory ability was
anecessary prerequisite for binding to oviduct epithelium and was related to fertility.
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The influence of PDC-109 on spermatozoa HOS response could also be dueto the
efflux of cholesteral by it during the initid exposure of the spermatozoato the protein. Davis
(1981), has shown that cholesterol aters the bulk biophysical properties of biological
membranes. Thissteroid can increasethe orientation order of the membranelipid hydrocarbon
chains and as a consegquence can reduce the ability of membrane proteins to undergo
conformationa changes this may control their functions due to the fact that membraneisless
fluid. Therefore, high concentration of cholesteral in the membrane might inhibit membrane
protein functions. Studies of several membrane associated ion transporter (e.g. Na', K+, K*-
ATPase and GABA transporter) by cholesterol, support the ideathat both direct and indirect
effects of this steroid on regulation of enzyme/ion channd activity could be involved (Vermuri
and Philipson, 1989).

In the present study, higher pre-freeze HOS response observed in group 3 could be
dueto theremoval of deeterious effect of long time exposure of spermatozoato PDC-109 by
its sequestration through antibodies and aso by the presence of LPC from egg yolk. At the
same time decrease in HOS response in spermatozoa of group 4 could be due to insufficient
Sequediration of PDC-109 by antibodiesin extender used. Probably more quantity of ‘ antibodies
againg PDC-109' in extender could have offered desired protection level to spermatozoa
againg deleterious effect of protein.

While working on buffalo cauda epididyma spermatozoa, Harshan (2007) observed
that HOS response in the entire PDC-109 trested group was significantly lower than the
spermatozoaof control group at post-thaw stage. Thereduction in HOS response was observed
to be dose dependent with the highest dose showing the greatest reduction in hypo osmotic
swollen spermatozoa. Similar findings were aso reported by Kumar (2005).

In the present study, the observation on post-thaw HOS response was smilar to
those observed in viahility percentage and individua moatility. Thisis aong the expected lines
as it was observed that sequestration of PDC-109 from semen samples brought about a
ggnificant increase in viability and motility after freezing-thawing. HOST is a good mirror of
theintegrity of goerm membrane; therefore, any changein soerm membraneintegrity isreflected
in change in HOS response. Higher HOS response in spermatozoa of group 3 compared to
control could be attributed to reduction in sperm membrane damage due to sequestration of
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PDC-109 by the antibodies againgt it and LPC from egg yolk. Similar protection of sperm
plasma membrane was not observed in group 4 probably due to insufficient sequestration of
protein by thelow dose of antibodiesaswell asabsence of egg yolk LPC. It wasa so observed
that direct collection of gaculatesin EY TG extender (group 2) did not offer any added benefit
with respect to HOS response in comparison to routine processing where gaculates were
collected and extender was added later on. This might be dueto smilar level of sequestration
of PDC-109 by egg yolk in both groups.

d.  Effect of sequestration of PDC-109 on acrosomal integrity
The acrosomd intactness of goermatozoa was determined using giemsa gtain.

The pre-freeze mean vaue (Table 4, Fig. 15) was sgnificantly (p<0.05) different in
group 3 than group 1 (contral). In four groups decrease in per cent intact acrosome observed
at pre-freeze stage from that of fresh semenwas 11.67, 7.0, 3.67 and 13.17 ingroups 1, 2, 3
and 4 respectively, indicating lowest decrease in group 3 and highest in group 4.

The mean vaue of spermatozoa with intact acrosome after freezing-thawing was
sgnificantly different (p<0.01) in group 3 and 4 than group 1 (control). Per cent decrease
observed in post-thaw spermatozoa with intact acrosome from pre-freeze values was 11.0,
11.0, 6.16 and 23.16 in groups 1, 2, 3 and 4 respectively, indicating minimum decrease in
group 3 and maximum in group 4 (Table 4, Fig. 15)..

Harshan (2007) observed that addition of PDC-109 in semen samples containing
caudaepididymal spermatozoaof buffalo had no significant differencein pre-freeze acrosomd
integrity than control whereasin post-thaw semen samples negative dose dependent effect on
post-thaw acrasome integrity with control group showing significantly (p<0.05) higher vaues
than the protein treated groups was reported. Various studies had shown that PDC-109
exposed spermatozoahad agreater susceptibility to acrosome damage (Therienet al., 1998).

In a study by Harshan (2007) the cauda epididyma spermatozoa from buffao was
used .The semen samples from buffao cauda epididymis had apparently no semind plasma
protein and hence there was no detrimentd effect of added dose of PDC-109 on sperm
plasmamembrane. Therefore when measured quantity of PDC-109 was added to such semen

samplesaprotective effect of sabilizing the goerm plasmamembranein afirs Sep was observed.
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However in the norma course of cryopreservation process, semen samples contain ample
quantity of PDC-109 which causes detrimenta effect on sperm plasma membrane sability.
Thiswasthe reason that in present study when excess quantity of PDC-109 was sequestered
from semind plasma by addition of antibodies againg it as in group 3, a higher response of
pre-freeze and post-thaw acrosome integrity was observed. However, it was observed that
beneficid effect of addition of ‘antibodies aganst PDC-109' (at 1.1 ratio with protein) in
group 4 was not observed due to absence of added benefit of protection offered by LPC from
egg yolk in extender. It could be safdly assumed that addition of higher dose of ‘antibodies
againg PDC-109 in extender would lead to desired protection of spermatozoa vis-avis
acrosomeintegrity. It was aso observed that direct collection of gaculatesin EY TG extender
(group 2) offered no added benefit for spermatozoaacrosomeintegrity ascompared to routine
cryopreservation procedure which might be due to adverse effect of remaining PDC-109 in
both groups where its sequestration was not complete.

e. Effect of sequestration of PDC-109 on acr osomer eacted live sper matozoa by
FITC-PSA gain

The mean per cent acrosome reacted live spermatozoa was assessed by FITC-PSA
and Pl. Number of spermatozoawith intact acrosomeis positively correlated with capacitation
and acrosome resction leading to successful fertilization. Borgohain (1984) observed that
acrosomal damages of the spermatozoaof Holstein-Friesan and their crosseshad significantly

negative correlation with conception rates in cows.

The mean value of acrosome reacted live spermatozoa at pre-freeze stage in present
sudy was significantly (p<0.05) different in group 3 and 4 than control. In four groups, per
cent increase in mean vaue of acrosome reacted live spermatozoa a pre-freeze stage from
fresh was 25.5, 24.7, 14.9 and 22.0 in group 1, 2, 3 and 4 respectively.

At pog-thaw stage the mean vaues differed sgnificantly in group 3 (p<0.01) and
group 4 (p<0.05) than control. Per cent increase in mean value at post-thaw stage from pre-
freeze value was 12.8, 12.9, 10.5 and 9.3 in group 1, 2, 3 and 4 respectively. The results
indicated minimum increase in acrosome reacted spermatozoa in group 3 than other groups
(Table 5, Fig. 17).
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Harshan (2007) observed that addition of PDC-109 in semen samples containing
caudaepididymad spermatozoaof buffao had no sgnificant difference in acrosomeintegrity a
pre-freezelevel however at post-thaw stage, addition of PDC-109 in semen samples of cauda
epididyma buffalo spermatozoa had negative effect on post thaw acrosome integrity, with
vaue in the control group being sgnificantly (p<0.05) higher than the protein treated groups.
The number of acrosome reacted live spermatozoa were maximum in the group treated with
PDC-109 at rate of 40 pg/ml. At post thaw stage, the level of acrosome reacted spermatozoa
a each time interva of incubation was higher than the corresponding pre-freeze acrosome
reacted Spermatozoaof sametreatment group. Ontheother hand, Gillianetal. (1997) reported
that the process of freezing-thawing increased the number of spermatozoa showing capacitated
B patternin ram semen but it had little effect on the number of acrosome reacted spermatozoa.
They observed that at O h, pattern F and B as 61.3/ 19.5 and 6.7/54 per cent for fresh and
frozen thawed spermatozoa, respectively. The freezing process and changesin sperm plasma
membrane brought about by prolonged action of PDC-109 dters the influx of Ca* in bovine
spermatozoa. Both fresh and frozen thawed spermatozoa in Ca2* supplemented medium
accumulated cacium rapidly but thawed spermatozoa did so faster than fresh permatozoa
(Baley et al., 1994). Theinflux of Ca?* isacritical step in the process of capacitation, hence
an increased cacium influx is supposed to bring about capacitation and acrosome reaction
more rapidly.

In present study a minimum increase in spermatozoa showing pattern AR a pre-
freeze sagein group 3 might bearesult of sequestration of PDC-109 by addition of antibodies
againg it and also by presence of LPC from egg yolk in extender. Sequestration of PDC-109
from the semen samples in group 3 resulted in lower cholesterol and phosphalipids efflux,
reduced damages to sperm plasma membrane, reduced Ca* influx and hence reduction in
percentage of acrosome reacted spermatozoa. As added protection offered by LPC was not
available to spermatozoa of group 4, an increase in percentage of acrosome reacted
spermatozoawas observed. It was dso evident from the study that no added benefit could be
observed in direct collection of gaculates in EYTG extender (group 2) than routine
cryopreservation procedure which might be due to smilar level of sequestration of PDC-109
by LPC present in egg yolk in both groups.
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f. Effect of sequestration of PDC-109 on cholesterol content of spermatozoa

The mean cholesterol content of spermatozoain fresh semen in the group 1 (control)
was 23.35 + 0.93 pug/100 million with comparable values in group 2, 3 and 4.

At pre-freeze stage a significant (p<0.05) difference (Table 6, Fig. 19) in cholesterol
content of spermatozoain Group 3 compared to group 1 (control) was observed. Decreasein
per cent cholesterol content of spermatozoa observed at pre-freeze stage from that of fresh
semenwas 13.63, 11.42, 8.4 and 12.35in groups 1, 2, 3and 4 respectively, indicating lowest

decreasein group 3.

The mean post-thaw vaue (Fig. 22) was sgnificantly (p<0.05) different in group 3
than group 1 (control). Decrease in per cent cholesterol content of spermatozoa observed at
post-thaw stage from that of mean value in pre-freeze semen was 2.46, 1.82, 3.35 and 1.57
ingroup 1, 2, 3 and 4 respectively.

Thecholesterol content of spermatozoavarieswiddy between bullsaswell asdifferent
gaculates of the same bull. Snhaet al. (1996) reported cholesterol content of spermatozoa
varying from 7.87 to 16.75 pg/50 x 10° spermatozoa in crossbred bulls. On the other hand
Therien et al. (1998) reported cholesterol content of 720 + 41 pug/50 x 10° spermatozoain
Holstein bull. The previous report aso showed wide variation between and within the species.
The cholesterol content of spermatozoa in different species were reported as 1.13 + 0.12
nmol/10” spermatozoain human (Zarintash and Cross 1996), 720 + 41 ug/5x 10° spermatozoa
inbull (Therienet al., 1998), 143 + 29.9 ug (free cholesteral)/10° spermatozoain boar (Cerolini
et al., 2001), 16.2+0.3 pg (free cholesterol) /10° spermatozoa in turkey (Douard et al.,
2000).

Gaddllaet al. (2001) suggested that spermatozoa with high cholesterol content (e.g.
spermatozoafrom man, bull and galion) are dow to undergo capacitation whereas spermatozoa
with lower cholesterol content (e.g. from boar and ram) seem to capacitate much faster.

Thenet cholesteral efflux that olbserved during capacitation was affected by the capacity
of the medium to bind cholesteral eg. dbumin (Daviset al., 1980) and high dengity lipoproteins
(Ehrenwad et al., 1990) are acceptor of cholesterol. Muller et al. (2002) suggested that
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PDC-109 in the presence of phospholipids causes strong efflux of cholesterol from sperm
plasmamembrane. However, in the present study, the PDC-109 was sequestered from semina
plasma by addition of ‘antibodies against PDC-109'. Therefore sequestration of PDC-109
from semind plasma led to reduced cholesteral efflux and consequently higher presence of
cholesterol content in spermatozoa of group 3. Anbazhagan and Swamy (2005) reported that
LPC binds with PDC-109, making it unavalable for cholesteral efflux. As the egg yolk in
extender used in group 4 was replaced by *antibodies against PDC-109', the beneficia effect
of LPC of egg yolk was not available to soermatozoa. Probably addition of * antibodiesagainst
PDC-109' was not in sufficient concentration for desirable sequestration of protein.

Kadirvel (2006) reported mean cholesterol content as 5.38 £ 1.85 pg/50 million
spermatozoa in frozen-thawed semen of buffao bulls. A sgnificant reduction of cholesterol
content after cryopreservation recorded in the study isin agreement with the reports of Cerolini
et al. (2001). They found that free cholesterol content decreased where as phospholipid and
triglycerol content increased in boar semen after freezing-thawing. Douard et al. (2000)
however, observed that the amount of cholesterol did not change throughout the 48 h storage
at 4°C but the phospholipids content of spermatozoa decreased by 30 per cent between 1 h
and 24 h of storage as consequently the cholesterol phospholipidsratio increased from 0.19to
0.28 between 1 h and 48 h of storage.

Therien et al. (1998) observed that PDC-109 causes cholesterol and phospholipids
efflux in a time and concentration dependent manner, resulting in changes in sperm plasma
membrane. At higher concentration of PDC-109 (i.e. semina plasma) and /or longer exposure
(asinmodulated semen), more cholesterol and phospholipidsareremoved, which may decrease
spermatozoares stanceto cold shock and freezing (Darin-Bennett and White, 1977). Harshan
(2007) aso observed that treatment of spermatozoa with PDC-109 led to an increased
cryoinjury.

In group 3, the excess quantity of PDC-109 in semind plasma was sequestered by
addition of antibodies againgt it. Thuslower efflux of cholesterol was the reason behind higher
cholesterol content of spermatozoain group 3. Similar beneficia effect of addition of ‘ antibodies
againg PDC-109 in samen g aculatesof group 4 wasless pronounced. Even thenthe cholesterol
content of spermatozoain group 4 was comparableto that of group 1 (control). No significant
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difference in cholesterol content of spermatozoa of group 2 was observed from that of group
1 (contral), indicating that no clear benefit could be obtained by direct collection of gaculates
in EY TG extender in comparison to routine processing asfor ascholesterol efflux isconcerned.
This might be due to adverse effect of identical concentration of PDC-109.

g. Effect of sequestration of PDC-109 on in vitro capacitation and acrosome

reaction

In present experiment, CTC-fluorescence assay of spermatozoa was performed
alowing classification of spermatozoain non-capacitated (pattern F), capacitated (pattern B)
and acrosome-reacted (AR) categories, as described originaly by Ward and Storey (1984).

Pattern F, B and AR
Fresh semen

Themean vaues of permatozoaexhibitingin vitro capacitation and acrosome reaction
in fresh semen asevident by pattern F, B and AR (Fig. 19) in Group 2, Group 3 and Group 4
were comparable to that of group 1 (contral).

Pattern F (Non capacitated or acrosome intact sper matozoa)

The mean per cent Spermatozoa showing pattern F at pre-freeze sagereveded (Table
7) asgnificant difference in group 3 (p<0.01) and group 4 (p<0.05) than group 1 (control).
Spermatozoa showing pattern F (Fig. 20) in pre-freeze semen revealed a decrease of 51.0,
51.33, 21.0 and 61.17 per cent from mean vaues in fresh semen in groups 1, 2, 3 and 4
respectively, indicating minimum decrease in group 3 whereas it was highest in group 4.

The mean post-thaw vaue (Fig. 18) for spermatozoa showed a significant (p<0.01)
differencein group 3 than group 1 (control). Pattern F spermatozoaat post-thaw stage exhibited
adecrease of 14.0, 12.67, 15.17 and 1.67 per cent from mean vauesin pre-freeze semenin
group 1, 2, 3 and 4 respectively.

In the present study a significant (p<0.01) increase in pattern F (non capacitated or
acrosomeintact) at pre-freeze stagein group 3 than group 1 (control) was observed. Harshan
et al. (2006) reported a decrease in number of non capacitated spermatozoa in PDC-109
treated groups than the control at varying incubation period. Lusignan et al. (2007) reported
that the PDC-109 increased epididyma spermatozoa capacitation in boar as compared with
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control. This effect reached a maximum leve a 20 pg/ml of PDC-109 (2.2 fold higher than
control). It was observed that increase in number of capacitated spermatozoa at pre-freeze
stage has negative effect on conception rate (Roncoletta et al., 2006).

Arangasamy (2003) reported that addition of HBP has dose dependent effect on
induction of acrosome reaction and decrease in gpermatozoa showing pattern F. At every
hour of incubation, there was a gradua incresse in acrosome reacted spermatozoa and
consequent decrease in acrosome intact (pattern F) spermatozoa after addition of proteinina
concentration dependent manner. Chauhan et al. (1997) reported that heparin treatment (10
pug/mL) enhanced the capacitation rate of buffalo spermatozoa and decreased the percentage
of acrosome intact, non capacitated (pattern F) spermatozoa. Florman and First (1988)
observed that exposure of spermatozoato semina plasmain vitro increased the percentage
of capacitated spermatozoa. These findings suggest that increased per cent of spermatozoa
showing capacitation and acrosome reaction might be due to PDC-109 present in semind
plasmacaus ng cholesterol and phospholipidsefflux after prolonged exposure (Harshan, 2007).
It thereforefollowsthat sequestration of PDC-109 by antibodiesagaing it from semen samples
would lead to lowered cholesterol and phospholipidsefflux and greater soerm plasmamembrane
gability. Thus in group 3 significantly (p<0.01) increased number of spermatozoa exhibited
pattern F (acrosome intact or non capacitated) at pre-freeze and post-thaw stage. At the
same time the amilar beneficia effect was lower in group 4. This might probably be due to
sequestration of excess harmful PDC-109 was not sufficient by antibodiesagaingt it in group 4
where protective effect of LPC from egg yolk wasa so not there resulting in decreased number
of non capacitated spermatozoa. Addition of higher dose of antibodies against PDC-109
could have increased acrosome intact/non capacitated spermatozoain the group 4 which has
to be ducidated further. It was evident from the study that no added benefit could be derived
from direct collection of gaculatesin EY TG extender (group 2) than routine cryopreservetion
procedure asthe level of sequestration of PDC-109 by L PC present in egg yolk wasidentical
in both groups.

Pattern B (capacitated)

Themean value of spermatozoa showing pattern B was sgnificantly (p<0.01) different
in group 3 than group 1 (control). Pattern B spermatozoain pre-freeze semen showed (Table
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8, Fig. 22) aincrease of 31.83, 38.0, 15.83 and 36.0 per cent from mean vaues in fresh

semen ingroup 1, 2, 3 and 4 respectively, indicating minimum increase in group 3.

The mean vaue for post-thaw spermatozoa showing pattern B indicated a significant
(p<0.05) difference in group 3 than group 1 (control). The mean vaue at post-thaw stage
showed an increase of 5.17, 3.34, 12.17 and 7.66 per cent from mean values in pre-freeze
semeningroup 1, 2, 3 and 4 respectively. The protective effect of sequestration of PDC-109
from semen samples of group 3 was evident a pre-freeze sage itsdf whereas detrimentd
effect of protein was more evident in other groups at same stage. This was the reason for
resulted difference in mean values in pod-thaw stage (Fig. 22).

Changesin CTC gtaining pattern have been reported for bull spermatozoaby Cormier
et al. (1997). They observed that after either cryopreservation or cooling to 4°C therewas a
smilar increase in the capacitated B staining pattern. Chauhan et al. (1997) observed that
heparin trestment of spermatozoa led to increase in percentage of capacitated and acrosome
reacted spermatozoa during every hour of culture and reached maximum up to 84.33 £+ 1.62
per cent. Therien et al. (1995) reported maximum capacitated and acrosome reacted
spermatozoa when PDC-109 was added at the rate of 40 pg/ml of semen. These findings
suggest that PDC-109 present in semina plasma might be responsible for capacitation and
acrosomereaction of permatozoa. Ehrenwald et al. (19883) had shown thet efflux of membrane
cholesterol leads to bovine spermatozoa capacitation. Harshan et al. (2006) reported an
increasein the number of capacitated and acrosome reacted post-thaw spermatozoain PDC-
1009 treated group than the control & varying incubation periods. Smilar findings were also
reported by Arangasamy (2003).

In the present investigation, asgnificant (p<0.01) difference in spermatozoa showing
pattern B in group 3 from that of control was observed. Efflux of cholesterol and phospholipids
by PDC-109 leading to capacitation has been discussed earlier. In present investigation, PDC-
109 was sequestered from semen samples by addition of antibodiesagaingt it in group 3. Thus
the deleterious effect of protein on cholesterol and phospholipids efflux was avoided and might
be the reason for sgnificant decrease in spermatozoa showing pattern B in this group. It was
aso evident from the study that no additiona benefit could be derived from direct collection of
gaculates in EYTG extender (group 2) than routine cryopreservation procedure. This might
be due to smilar level of sequestration of PDC-109 in both groups.
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Pattern AR (acrosomereacted)

The mean per cent of pre-freeze acrosome reacted spermatozoa (Fig. 21) were
sgnificantly (p<0.01) lower in group 3 and (p<0.05) higher in group 4 and comparable in
group 2 with group 1. Spermatozoa showing pattern AR in pre-freeze semen (Table 9, Fig.
23) revealed aincrease of 19.16, 13.34, 5.17 and 25.17 per cent from mean valuesin fresh

semenin group 1, 2, 3 and 4 respectively, indicating minimum increase in group 3.

Theresultsindicated asgnificant difference (p<0.05) in post-thaw mean vaues (Table
9) in group 3 and 4 than group 1 (control). At post-thaw stage pattern AR spermatozoa
showed an increase of 8.84, 9.33, 3.0 and 6.0 per cent from mean vauesin pre-freeze semen
ingroup 1, 2, 3 and 4 respectively.

Gillianetal. (1997) reported that the process of freezing-thawing increased the number
of spermatozoa showing capacitated B pattern in ram semen but it had little effect on the
number of acrosome reacted spermatozoa. They observed that at O h, pattern F and B as
61.3, 19.5 and 6.7, 54 per cent for fresh and frozen thawed spermatozoa, respectively. On
the contrary, Harshan et al. (2006) reported an increase in the number of acrosome reacted
spermatozoa in PDC-109 treated groups than control at varying incubation periods at pre-
freeze stage. The number of acrosome reacted live spermatozoa were maximum in the group
treated with PDC-109 at rate of 40 ug/ml. At post thaw stage, the level of acrosome reacted
spermatozoa at each timeinterva of incubation was higher than the corresponding pre-freeze
acrosome reacted spermatozoa of same treatment group. Similar findings were reported by
Perez et al. (1996), who found that freezing-thawing of ram spermatozoaresultsin anincreased
proneness to capacitation and acrosome reaction. The freezing process and changesin sperm
plasma membrane brought about by prolonged action of PDC-109 dters the flux of Ca* in
bovine spermatozoa. Both fresh and frozen thawed spermatozoain Caz* supplemented medium
accumulated calcium rapidly but thawed spermatozoa did so faster than fresh spermatozoa
(Baley and Buhr, 19953). Theinflux of Ca¢* isacritica step in the process of capacitation,
hence an increased calcium influx is supposed to bring about capacitation more rapidly.

In present sudy a significant (p<0.01) decrease in permatozoa showing pattern AR
a pre-freeze stage in group 3 might be aresult of sequestration of PDC-109 by addition of
antibodies againgt it and also by presence of LPC from egg yolk in extender. Sequestration of
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PDC-109 from the semen samplesin group 3 resulted in lower cholesterol and phospholipids
efflux, reduced damagesto sperm plasmamembrane, reduced Ce?* influx and hencereduction
in percentage of acrosome reacted spermatozoa. As added protection offered by LPC was
not available to spermatozoa of group 4, an increase in percentage of acrosome reacted
Spermatozoa was observed. Also, it was evident from the study that no added benefit could
be observed in direct collection of gaculates in EYTG extender (group 2) than routine
cryopreservation procedure which might be due to smilar level of sequestration of PDC-109
by LPC present in egg yolk in both groups.

5.1.9 Effect of sequestration of PDC-109 on zona binding assay

Zonabinding assay was carried out to investigate the effect of sequestration of PDC-
109 from the semen samples on the ability of frozen-thawed crossbred bull spermatozoa to
bind with ovafrom buffal oes (heterologous). Zonabinding assay consisted of determination of
binding per cent (BP) and binding index (BI) of post-thaw spermatozoa

The resultsindicated a pogtive and Sgnificant differencein BI in group 3 (p<0.01) and
group 4 (p<0.05) compared to group 1 (control). No dgnificant differencein mean vdues(Table
9, Fig. 22) for BP in three groups compared to control was observed (Table 10, Fig. 24).

Harshan (2007) observed that addition of PDC-109 at the rate of 40 pg/ml in semen
samples did not increase the number of frozen-thawed spermatozoa bound with in vitro
matured oocyte (256.09 + 14.85 and 250.13 + 11.56 spermatozoain control and treatment
group, respectively). Arangasamy (2003) reported an increase in the number of buffalo cauda
epididyma spermatozoa binding to zona pellucidawhen trested with HBP at pre-freeze stage.

Topper et al. (1999) showed in vitro capacitation leads to an increased capacity of
fresh bovine spermatozoa to bind to zona pellucida. Since the binding between spermatozoa
and the zona pdllucida involves hydrophobic as well as ionic interactions (Urch and Patdl,
1991), the decreased net negative charge that takes place during capacitation may facilitate
the binding of bovine zona pdlucida proteins to spermatozoa.

Experiment on boar spermatozoa binding with zona pellucida have shown that PDC-
109 competed effectively with zonapdlucidaglycoprote nsfor boar spermatozoaspermadhesin
AWN binding (Dostalovaet al., 1995). Since AWN isactively involved in spermatozoazona
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binding, presence of PDC-109 in the media surrounding the ova could have reduced the
number of spermatozoabound to ova. Spermadhesin, which haslectin like propertiesin rdation
to the oligosaccharides residues of the zonapellucidaglycoproteins, act asglycoprotein receptor
of thezona (Caveteet al., 1996 b). Inthe present investigation, the PDC-109 was sequestered
from semen samples of group 3 by addition of antibodies againgt it. Additionaly LPC present
inegg yolk aso caused sequestration of PDC-109. Therefore PDC-109 might not be available
in sufficient quantity in post-thaw semen samples to compete effectively with zona pellucida
glycoprotein for binding with spermatozoa spermadhesn AWN. This might be the reason for
sgnificantly (p<0.01) higher response of spermatozoa of group 3 with respect to Bl and non
significant increasein BP as compared to spermatozoaof group 1 (control). The extender used
for group 4 contained * antibodies against PDC-109" in place of egg yolk. Addition of antibodies
aone might have caused incompl ete sequestration of PDC-109 which led to higher cholesterol
efflux and damages to sperm membrane. Thus alower BP and BI, as an indicator of reduced
zona binding ability of spermatozoa, were observed in group 4 than group 1 (contral). It is
evident from the study that no added benefit could be derived from direct collection of gaculates
in EYTG extender than routine cryopreservation procedure which indicates negative effect on

spermatozoa zona binding in these groups.

&5 25 2
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6] Summary and Conclusions

The present work entitled ‘studies on sequestration of PDC-109 protein on
cryodamageand in vitro fertility of crossbred bull spermatozoa’ was conducted at the
Germ Plasm Centre, Indian Veterinary Research Indtitute, 1zatnagar, Barellly (UP). The study
wasdesignedtoinvestigatetheeffect of sequestration of PDC-109 from gaculates of crossbred
bulls at collection as well as during processing on minimization of its detrimenta effect. This
was reveded by differences in various physco-morphologica characterstics of spermatozoa

during pre-freeze and post-thaw stages of cryopreservation.

For present investigation, PDC-109 wasisolated, purified, characterized and antisera
wasraised againgt it in rabbits. The ‘ antibodies against PDC-109" was used for sequestration
of PDC-109 from the g aculates of trestment groupsaat collectiontime. Ejaculatesthus collected
werethen eva uated for various physico-morphologica characterstics and result was compared

with control.

Heparin binding proteins (HBP) and PDC-109 were isolated from semind plasma
using 100 mM chaline chloride on heparin-Sepharose and DEAE-Sephadex columns. The
concentration of HBP proteins and PDC-109 in semina plasmawas found to be 27.9 £ 0.6
and 21.7 = 0.42 mg/ml congtituting 30.9 and 24.1 per cent of thetotal protein content (90.1 +
5.6 mg/ml) of semind plasma respectively. Purified PDC-109 was observed in SDS-PAGE
gelsas doublets representing the two glycosylated forms of protein. These BSP proteinswere
observed in the HBP fraction of the seminal plasma as revedled in SDS-PAGE. The protein



Summary and Conclusions....

bands representing BSP-Al/-A2, BSP-A3 and BSP-30 kDa were observed in the SDS
PAGE having molecular weight of gpproximately 14.7, 16.5 and 30 kDa, respectively.

Isolated and purified PDC-109 was used to raise antiserain rabbits. Three out of four
mal e rabbits responded to antigen by producing antiseraasindicated by the presence of clear
bands in immunodiffuson assay. The titre of the antisera was established using a checker
board ELISA and atitre of 1:400 for antibody and an antigen concentration of 225 ng were
found optimum. Western blot of PDC-109 established the specificity of the raised antisera
The concentration of ‘ antibodiesagainst PDC-109' in two pooled eluted fractionswas 10.5 +
0.4 and 15.7 + 0.3 mg/ml on protein bass. Elutes were dialyzed to concentrate the protein.

For the purpose of investigation four groups formed were group 1. control; group 2:
Direct collection of gaculatesin EY TG; group 3: collection of gaculates in tubes coated with
‘antibodies againgt PDC-109', processed in EYTG later and group 4: Extender containing
antibodies against PDC-109 but no EY .

In the treetment group 3 and 4, 3.14 ml of eute containing atota of 68.14 mg of
‘antibodies againg PDC-109' was transferred, lyophilized and later on used for collection of
gaculates. Semen samples of all the four groups were processed for cryopreservation. Pre-
freeze and post-thaw eva uation of various physico-morphologica charactersticsviz. individud
moatility, viability, HOS response, acrosoma integrity, cholesterol content of Spermatozoa, in
vitro capacitation and acrosome resction were carried out with theaim of evauating the effect
of sequestration of PDC-109 on the spermatozoa. In addition to above, heterol ogous sperm-
zona binding assay was aso carried out using post-thaw spermatozoa of four groups. The
data thus obtained helped to appreciate the degree of change or protection provided by the
sequestration of PDC-109 from the semind plasma to the spermatozoa during subsequent

cryopreservation process.

Evauation of various phys co-morphologica characteristicsreveded thet at prefreeze
stage, the mean per cent vaue was sgnificantly different (p<0.05) for viability and acrosomal
intactness in group 3 and individua moetility in group 4 as compared to other groups. At the
sametimeadgnificant differencein per cent mean vauewas obsarved in post-thaw spermetozoa
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for individua motility (p<0.01 and p<0.05), viability (p<0.05 and p<0.01), HOS response
(p<0.01 and p<0.01), acrosomal intactness (p<0.05 and p<0.01) and per cent acrosome
reacted live spermatozoa (p<0.01 and p<0.05) in group 3 and 4 respectively. The effect
observed might be dueto protective effect of sequestration of PDC-109 by antibodies against
it a pre-freeze and post-thaw stage. However, it appearsthat presence of ‘ antibodies against
PDC-109 in extender in premeditated ratio of 1.1 with protein was probably inadequate to
cause aufficient sequedtration of protein in group 4 leading to lower mean vaues in these

parameters.

Protective effect of sequestration of PDC-109 from gaculates was observed by
reduced efflux of spermatozoa cholesteral in group 3. The mean value for cholesterol content
of spermatozoawas sgnificantly different (p<0.05) in group 3 than other groups at pre-freeze
and pog-thaw stage. A decrease of cholesterol content 8.4 and 3.35 ug/100 million spermatozoa
was observed at pre-freeze (from fresh) and post-thaw (from pre-freeze) stageingroup 3 as
compared to other three groups. Thuslower efflux of cholesterol wasthe reason behind higher
cholesterol content of spermatozoa a post-thaw stagein group 3 (7.26 + 0.75, 7.61 + 0.93,
11.60£ 0.89, and 6.93 £ 0.93 ug/100 million spermatozoain group 1, 2, 3and 4 respectively).
However, smilar beneficid effect of sequestration of PDC-109in group 4 wasless pronounced
which might be due to absence of LPC from egg yolk in extender. Probably addition of higher
dosesof ‘antibodiesagaingt PDC-109' in thisgroup might have resulted in desirable beneficid
effect.

In vitro capacitation and acrosome reaction status was evaluated in spermatozoa of
al four groups at pre-freeze and post-thaw stage using CTC fluorescent assay, which dlows
smultaneous classification of heterogenous spermatozoa population into non-capacitated,
capacitated and acrosome reacted groups. It was observed that sequestration of PDC-109
from semen samples led to increased number of non capacitated spermatozoain group 3 as
compared to control (28.83 + 1.31, 29.50 + 1.36, 59.67 + 1.31 and 19.00 + 1.36 per cent
in group 1,control; 2, 3 and 4 respectively) at pre-freeze stage. Smilar increasein mean value
was observed at post-thaw stage (14.83 £ 1.29, 16.83 + 1.30, 44.50 £ 1.36 and 17.33 +
1.31 per centin group 1, control; 2, 3 and 4 respectively) dso. At the same time there was a
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decrease in mean per cent AR spermatozoain pre-freeze (24.33 £ 1.36, 18.67 + 1.90, 11.00
+1.74and 30.33+ 1.79in group 1, control; 2, 3 and 4, respectively) and post-thaw samples
(33.17+1.84,28.00£ 1.72,24.00 £ 1.74 and 24.33 £ 1.80 in group 1, control; 2, 3and 4
respectively) in group 3 as compared to other groups. Consequently, asignificant decreasein
mean value of capacitated spermatozoa was observed at pre-freeze (p<0.01; 46.83 + 1.37,
51.83 + 1.57, 29.33 + 1.32 and 50.67 + 1.67 per cent in group 1, control; 2, 3 and 4
respectively) and post-thaw (p<0.05; 52.00 + 1.42, 55.17 + 1.59, 41.50 + 2.1 and 58.33 +
1.9in group 1, contral; 2, 3 and 4 respectively) stage in group 3 compared to control. An
increase in number of non capacitated spermatozoa and decrease in acrosome reacted
Spermatozoa was shown to have a positive effect on conception rate. The resultsin present
study indicated that sequestration of PDC-109 from semen samples had protective effect on
spermatozoa and even after prolonged exposure of spermatozoato PDC-109 the protective
beneficid effect continued.

Zonabinding assay was carried out to investigate the effect of sequestration of PDC-
109 from the semen samples on the ability of frozen-thawed bull spermatozoato bind with ova
from buffaoes (heterologous). It was evident from the present work that sequestration of
PDC-109 from semen samples has significant and pogtive effect by increasing the Binding
index in group 3 than control (79.96 + 7.6vs. 47.16 + 7.5). However, no Sgnificant difference
wasfound infour groupsfor binding per cent. The results aboveindicated that sequestration of
PDC-109 from semen samples reduced competence of available free PDC-109 with zona
pellucida glycoprotein resulting in higher vduein BI.

Conclusions
From the present study, it is concluded that

PDC-109, a semind plasma protein is present in crossbred bull which has adverse
effect on cryopreservation and fertilizing ability of spermatozoa

Sequedtration of PDC-109 using antibodies againg it, minimized the cryodamage as
evidenced by lower cholesteral efflux as well as improvement in post-thaw physico-
morphologica characteristics of spermatozoa
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Comparative increase in binding index in PDC-109 sequestered group reveaded
improvement in fertilizing ability of spermatozoa

Future research directions

Itisreflected from present study that adverse effect of PDC-109 on cryopreservation
can be minimized by adding the antibodies againg it in the semen, however further Sudy is
warranted on following points before making any recommendation.

Study on large sample number to confirm the exact quantity of  antibodies againgt
PDC-109 for its sequestration as well as a subgtitute for egg yolk in extender being
used routingly.

In vivo study using PDC-109 sequestered semen is required to assess the fertilizing
ability of spermatozoa

S 25 S
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Mini Abstract

Semina plasmanot only facilitatesthe trangport of spermatozoain the femalereproductive
tract it aso contains factors that influence spermatozoa motility and fertility. Recent evidence
suggests that certain proteins in the seminal plasma are detrimental for cryopreservation of
semen. The mgor protein fraction of bovine semina plasma is represented by a family of
related proteins designated as Bovine Seminal Plasma proteins viz. BSP-A1/-A2 (PDC-109),
BSP-A3, and BSP-30 kDa. PDC-109 is a mgjor constituent of BSP proteins. They bind to
sperm membrane choline phospholipids and high density lipoproteins (HDL) at gaculation and
thereby potentiate the sperm capacitation induced by HDL. Also BSP proteins induce changes
in the sperm plasma membrane by stimulating cholesterol and phospholipids efflux in a
concentration and time dependent manner thus making it sensitiveto liquid or frozen state. This
cholesterol and phospholipids efflux causes spermatozoa acrosome damages. It was, thus
postul ated that sequestration of majority constituent BSP protein especially PDC-109 could lead
to minimization of itsdetrimental effect on spermatozoa. The present investigation was designed
to study the effect of sequestration of PDC-109 on physico-morphological characterstics of
spermatozoa at pre-freeze and post-thaw stages of cryopreservation as well as zona binding
ability of post-thaw spermatozoa with heterologous (buffalo) oocyte. Semen samples from
crossbred bulls were collected, semina plasma separated for isolation and purification of PDC-
109 by affinity followed by ion-exchange chromatography. The purity of purified PDC-109 was
assessed by SDS PAGE and then used for raising antisera againgt it in rabbits. ‘Antibodies
against PDC-109" wasisolated from raised antisera by ion-exchange chromatography and used
for addition in semen samples at 1.1 ratio with protein. For the purpose of investigation four
groups formed were group 1: control; group 2: Direct collection of gjaculatesin EY TG; group 3:
Collection of gaculatesin test tubes coated with ‘ antibodies against PDC-109', |ater processed
in EYTG and group 4. Extender containing ‘antibodies against PDC-109' but no EY. Result
fromthe study indicated higher per cent mean vauefor individua moetility, viability, HOS response,
acrosomal intactness and per cent acrosome reacted live spermatozoa in treatment groups
where PDC-109 was sequestered by addition of antibodies against it. Sequestration of PDC-
109 in group 3 aso led to reduction in spermatozoa cholesterol efflux, thus showing beneficia
effect of such procedure. In vitro capacitation and acrosome reaction status was evaluated in
spermatozoa of all four groups at pre-freeze and post-thaw stage using CTC fluorescent assay.
It was observed that sequestration of PDC-109 from semen samplesled to increased number of
non capacitated spermatozoa in group 3 as compared to control (59.67 + 1.31 vs. 28.83 + 1.21
per cent respectively) at pre-freeze stage. Similar increase in mean val ue was observed at post-
thaw stage also. At the same time there was a decrease in mean per cent AR spermatozoain
pre-freeze and post-thaw samplesin group 3 as compared to other groups. The result in present
study indicated that sequestration of PDC-109 from semen samples had protective effect on
spermatozoa and even after stress of cryopreservation process the protective beneficial effect
continued. Result of zona binding (heterologous) assay revealed that sequestration of PDC-109
from semen samples has positive effect by increasing the binding index in group 3 than control.
However, no effect was observed in four groups with respect to binding per cent. It was thus
evident that sequestration of PDC-109 from semen samples reduced competence of available
free PDC-109 with zona pellucida glycoprotein resulting in higher vauein Bl. The study indicated
that PDC-109 is partly responsible for destabilization of sperm plasma membrane during
cryopreservation and therefore its sequestration from semen samples resulted in protective
effect on spermatozoa. Addition of ‘antibodies against PDC-109' in extenders used for semen
processing is an option worth considering minimizing damages during semen cryopreservation.
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Annexure

PROTEOMICS

1
2.
3

ii)

Reagents and solutions for Lowry’s method

Reagent A: 2% sodium carbonatein 0.1 N Sodium hydroxide (NaOH)
Reagent B: 0.5% Copper sulphate (CuSO,.5H,0) in 1% Potassum sodium  tartrate
Reagent C: 50 ml of Reagent A was mixed with 1 ml of Reagent B (Alkaine copper
solution). Only freshly prepared solutions were used.

Reagent D: Dilute the Folin ciocadteu's reagent to make it IN in water (50 percent
resgent + 50 ml Didtilled water).

Reagents and solutionsfor SDS-PAGE

Separating gdl buffer (8x)

(3.022 M Tris-HCI buffer, pH 8.4, containing 0.8% (w/v) SDS and 0.232% (v/v)

TEMED)
Tris 36.6 g
DS 08¢
TEMED 0232 ml

pH was adjusted with HCl and volume was made up to 100 ml.
Stacking gel buffer (8x)
(IM Tris-HCI, pH 6.8, containing 3.2% (w/v) SDS and 0.232% (v/v) TEMED)

Tns 12119
SDS 329
TEMED 0.232ml

pH was adjusted with HCl and volume was made up to 100 ml.

Acrylamide solution (30%)

30g of acrylamide and 0.8 g of bis-acrylamide were dissolved in distilled water by
dirring and volume was made to 100 ml.

Sample buffer (5x)

(0.312 M Tris-HCI buffer, pH 6.8, containing 0.125% (w/v) bromophenol blue 10%
(wiv) SDS and 50% (v/v) glyceral)

1.8 g of Triswasdissolved in 15 ml of water and pH was adjusted with HCI. To this
solution SDS (5 g), bromophenol blue (0.0625 g) and glyceral (25 ml) were added
and volume was made to 50 ml with weter.



Vi)

vii)

viii)

Xi)

xii)

Ammonium pesulphate solution (APS, 20% w/v)

Electrode buffer

(25 mM Tris, 192 mM glycine and 1% (w/v) SDS, pH 8.3)

The following ingredients were dissolved in distilled water to make 500 ml.

Tris 15159
Glycre 729
SDS 0509
Solution i-iv were filtered through Whatman filter No. 1 and stored at 4°C. Electrode
buffer was freshly prepared.

Separ ating (Resolving) gel recipe (for 32 ml)

Acrylamide (%) 4 5 10 15 18
Separating gd buffer (ml) 4 4 4 4 4
Acrylamide stock solution (ml)  4.26 534 1068 16.02 19.20
D.weter (ml) 2371 2266 1732 1198 8.80
APS (ml) 0.16 0.16 0.16 0.16 0.16
Stacking gd recipe (3.30% acrylamide, for 8.0 ml)

Stacking gd buffer 1ml
Acrylamide stock solution 0.88 ml
Water 6.08 mi
APS 0.04 mi

Fixing solution

20% (v/v) isopropanol and 10% (v/v) acetic acid

Staining solution for SDS-PAGE and Immunodiffusion

0.875 g of Coomassie Brilliant Blue R-250 was dissolved in 225 ml of methanol and
50 ml of acetic acid by tirring overnight. The volume was made to 500 ml with water
and the solution was filtered through Whatman filter paper. The staining solution was
stored at room temperature in a brown bottle.

Destanining solution

20% (v/v) methanol and 10% (v/v) acetic acid (for 24 hourswith 3-4 changes) followed
by 10% (v/v) acetic acid (for 12 hours).

Gel storage solution

7% (vIV) acetic acid

Reagents for western blotting

Transfer buffer

Trisbase 1829
Glyane 86.59g



ii)

vii)

viii)

Methanol 1200 mi

Didtilled water up to 6000 ml
PBST

PBST 100 m
Skim milk powder 59

Reagentsfor ELISA
Phosphate buffered saline (PBS, pH 7.2)

NaCl 8.0¢
KCl 0.2g
KH,PO, 029
NaH, PO, 1159
H,0 1000 m

Washing buffer (PBST)
0.05% Tween-20 in PBS
Coating buffer (0.05M carbonate buffer, pH 9.5)

Sodium carbonate 159
Sodium bicarbonate 293¢
Sodium azide 0209
Didtilled water 1000 mi
Blocking solution

BSA 309
PBST 100 m

Conjugate diluted in PBS (pH 7.4)

Substrate buffer (Citrate buffer, 0.1 M, pH 4.6)

Substrate solution

Ortho-phenylene diamine 25mg
Citric acid phosphate buffer, pH 5.0 25ml
Mixed and 25 pl H,O, added. Protected from light.

Stopping solution (1M H,SO,)

Conc. H,SO, S54ml
Didlilled water 94.6ml
SEMENOLOGY

Semen diluting fluid

Sodium chloride 1lg

Eosin 0.05g



Formdin 1ml

Didtilled water 100 m
i) Nigrosin-Eosin stain

Eodn-g 1679

Nigrosn 109

Sodium cirate buffer (2.9%) 100 mi

i) Solutionsfor giemsa staining
Giemsa stain solution (stock)

Giemsadan 1lg
Methanol 98 ml
Glycerol 32 ml

Giemsastain powder was ground with absolute methanol in aglass pestle and mortar.
Glycerol was added and stored at 37°C for 1 week. During this period the stain
mixture was mixed wel for few min every day.
Sorenson’s 0.1 M phosphate buffer (pH 7.0)

1) Solution A: 0.1 M Potasium dihydrogen phosphate soution

Potassium dihydrogen phosphate (Anhydrous) 13.609 g

Double glass didtilled water 1000 ml
i) Solution B: 0.1 M Disodium hydrogen orthophosphate solution

Disodium hydrogen phosphate 14.198 g

Double glass didtilled water 1000 ml

Sorenson’s0.1 M phosphate buffer was prepared by mixing 17 ml solution ‘A’ and 33
ml solution ‘B’ and the pH was adjusted to 7.0
Hancock’ s fixative

Sodium chloride 109

Sodium bicarbonate 059

Formulain 125 ml

Didtilled water upto 1000 ml
Giemsa working solution

Stock Giemsa solution 30ml

Sorenson’s 0.1 M phosphate buffer 20ml

Double glass didtilled water 450 ml
iv) Chlortetra cycline (CTC) stain

CTCdan 750 uM 154 mg

Cydine5mM 35mg

NaCl 130 mM 30mg



Vi)

vii)

viii)

Tris20mM 9.72mg
Double glass ditilled water to make up volumeto 4 mi

Trisdilutor

Tris (Hydroxyl methyl) amino methane 3.028¢
Citricacid 16759
Penicillin G sodium (1U/ml) 500-1000
Streptomycin sulphate (ug/ml) 500-1000
Double glass didtilled water 100 mi
Tris-egg yolk glycerol dilutor

Tris (Hydroxyl methyl) amino methane 3.028¢
Citricacid 16759
Fructose 1259
Penicillin G sodium (1U/ml) 500-1000
Streptomycin sulphate (ug/ml) 500-1000
Double glass didtilled water 100 mi
Glycerol-7%

Egg yolk-10%

PBS (pH 7.4)

Sodium chloride (150 mM) 9¢g
Disodium hydrogen phosphate 5759
Sodium dihydrogen phosphate 14749
Double digtilled water 1000 ml
Normal saline

Sodium chloride 9.0¢g
Double digtilled water 1000 ml

ZONA BINDING ASSAY
Oocyte callection medium (OCM), pH 7.3-7.4, 280-290 m Osm/kg
Stock OCM solution

Ingredients Concentration (mM)
NaCl 136.89
KCl 2.68
KH,PO, 1.46
NaH,PO, 8.09
CaCl,PO, 0.90

MgCl, (Anhydrous) 1.00



D-glucose 5.54

Sodium pyruvate 0.32

Gentamicin (50 pg/ml) 500 ul

Phenol red 10 pg/ml
Working OCM [3mg/ml BSA (Fraction V), 10% EBS]

OCM stock solution 45 ml

Edtrous buffao serum (EBS) 5ml

BSA (Fraction'V) 150 mg

i) Tissue culture medium-199 (TCM-199)
Stock TCM-199 media: Cat No. M7528 Lot 73K 244492, with Earle ssdt and 25
mM HEPES.
0.01 g L-glutamine and 0.1 ml gentamicin were added in 100 ml TCM-199 and
stored at 4°C. This prepared TCM-199 was aways used for making different media

in the present study.
i) Oocyte M aturation Medium (OMM) pH 7.2-7.4, 280 mOsm/kg

TCM-199 5ml
FBS 500 pl
GFF 250 ul
FSH-P 0.5 pg/mi
BSA Fraction-V 15mg
LH 10 1U/ml

iv) Fertilization TALP, pH 7.6-7.8, 280-300 mOsm
Fertilization stock solution

Ingredients Concentration (mM)
NaCl 114
KCI 3.20
NaH,PO, 0.34
C,.Cl,2H,0 2.00
MgCl, (Anhydrous) 0.50
NaHCO, 25.00
Sodium lactate 1.86 pg/mi
Gentamicin (50 pg/ml) 50.0 pg/ml
Phenol red 10 pg/ml
Heparin stock solution
Heparin 12 mg

Fertilization sock solution 2000 ml



Pyruvate stock solution

Vi)

i)

Sodium pyruvate 33mg
Fertilization stock solution 2000 ml
Sperm TALP [10 pg/ml heparin, 0.25 mM Pyruvate, 3 mg/ml BSA (V)]
Fertilization stock solution 25ml
Heparin stock solution 41.66 pl
Pyruvate stock solution 41.66 pl
BSA (Fraction-V) 75mg
Fertilization TALP [10 pg/ml heparin, 0.25 mM Pyruvate, 6 mg/ml BSA (V)]
Fertilization stock solution 5ml
Heparin stock solution 834 ul
Pyruvate stock solution 8.34 L
BSA (Fraction-V) 30mg
Complete Tyrode sMedium (TALP, Parrish et al., 1988) pH 7.4
NaCl 100 mM 5.844¢
KCI 31 mM 0.231g¢g
NaHCO, 25mM 2.100g
NaH,PO, 0.3mM 0.03597 g
Na Lactate 21.6 mM 1.846 ml
CaCl, 2mM 0.2208 ¢
MgCl, 04mM 0.0986 g
HEPES 10mM 2.383¢g
Na Pyruvate 1 mM 0.110g
Glucose 5mM 0.900 ¢
Non Capacitating Medium (NCM) pH 7.4
KCI 2.7mM 0.201g
KH,PO, 15mM 0049
Na,HPO, 8.1 mM 11509
NaCl 137 mM 8.00g
Glucose 555 mM 0.999 ¢
Pyruvate 1mM 011g
Modified complete Tyrods' smedium (Sp TALP, pH 7.4)
NaCl 100 mM 5.844¢

KCI 31 mM 0.231g¢g



VI.

NaH CO, 25 mm

NaH,PO, 0.3 mM
Nalactate 21.6 mM
CaCl, 2mM
MgCl, 04 mM
HEPES 10 mM
Na Pyruvate 1mM
BSA

CHOLESTEROL ESTIMATION
Reagent 1. Cholesterol reagent

Reagent 2: Working cholesterol standard, 200 mg%

Reagent 3: Precipitating reagent

2.100¢g
0.03597 g
1.846 ml
0.2208 g
0.986 g
2.383¢g
0.110g

6 mg/ml
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