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1 Introduction

India possesses one fifth of the world total cattle (185.5 million) and more than half of

the buffalo population (97.6 million) which contribute significantly to the national wealth and

economy in the form of milk, meat, hide, manure and draught power. (Chakrabarti et al.,

2005). However, due to poor genetic make up of large nondescript livestock population

owned by rural farmers, production of individual cow is very low. The artificial insemination

(AI) has played a major role for the past few decades in the genetic improvement of cattle and

buffaloes by increasing selection intensities of males and wide dissemination of their valuable

germ plasm after cryopreservation, but still the result is far behind than the expectation.

Although, research on semen preservation for AI purposes has a long history over the

centuries, the problem still lies with available cryopreservation technique especially in cross

bred bull semen. The cryopreservation itself decreases motility and survivability of post thaw

spermatozoa to about 50 per cent (Cormier and Bailey, 2003). Moreover, there is also variable

degree of morphological, physiological and biochemical alterations in remaining population of

live spermatozoa making them unsuitable for optimum fertility. There are factors extrinsic or

intrinsic responsible 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 seminal plasma contains factors, which may have either beneficial 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 its function 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 female

reproductive tract (Henault et al., 1995). However, evidence linking seminal plasma proteins

with fertility indices has been a major challenge (Moura et al., 2006) now a days for

reproductive biologist.

There are three major classes of proteins namely the spermadhesins (Topfer-Peterson

et al., 1998), cysteine-rich secretory proteins (CRISP, Schambony et al., 1998) and Fn-II

type proteins in seminal plasma of ungulates, which interact with the sperm surface and participate

in sperm function (Topfer-Peterson, 1999). The Spermadhesins family is restricted to ungulates,

where as families of cysteine-rich secretory proteins and Fn-II proteins are expressed in male

genital tract of many mammalian species, indicating common role in fertilization (Manjunath

and Therien, 2002). In other species too, the Fn-II type proteins constitute the major seminal

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 gelatin binding fibronectin-II

(Fn-II) type module (Smith et al., 2000). Related proteins have also been identified in rat,

mouse, hamster and human seminal plasma (Leblond et al., 1993). These proteins are secretory

products of the seminal vesicles (Manjunath et al., 1987).

It is now well established that bovine seminal plasma proteins and their relatives

represent a new super family of proteins in mammals. They bind to sperm membrane choline

phospholipids (Desnoyers and Manjunath, 1992) and capacitation factors, namely high density

lipoproteins, heparin and glycosaminoglycans at ejaculation (Chandonnet et al., 1990). The

interaction of bovine seminal plasma proteins with spermatozoa results in the efflux of

phosphatidylcholine (PC) and cholesterol (from intracellular to extra cellular) 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) in seminal plasma is beneficial during fertilization in female reproductive

tract by inducing capacitation, zona binding and acrosome reaction (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 also induce changes in the sperm plasma
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membrane by continuously stimulating cholesterol and phospholipids efflux (Therien et al.,

1997), thus have harmful effect on spermatozoa.

Cholesterol has stabilizing effect on sperm membrane (Yeagle, 1985); hence its efflux

is expected 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 spermatozoa for 4 h to bovine seminal

plasma proteins leads to about 25 percent cholesterol efflux (Moreau and Manjunath, 2000).

Thus, the continuous exposure of spermatozoa to seminal plasma is detrimental to the sperm

membrane, which may render the membrane very sensitive to sperm storage in liquid or frozen

states (Viswanath and Shannon, 1997). The epididymal spermatozoa are more resistant to

cold shock than ejaculated spermatozoa and this character is cellular and not influenced by

fluid environment in which spermatozoa are suspended. Transit of spermatozoa from cauda to

ejaculate renders them susceptible to cold shock (Lasley 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

spermatozoa motility and membrane integrity. The damage was dose dependent with the higher

doses showing higher damages. Therefore, BSP proteins in seminal plasma act like a double-

edged sword, being both beneficial and detrimental to sperm.

The hypothesis that there is a strong need to undertake work on sequestration of

seminal plasma protein PDC-109 from the ejaculate at the time of collection itself was supported

by inference from experimental work of Nauc and Manjunath (2000). They quantified the

BSP proteins in bovine seminal plasma (Holstein breed) on ejaculated sperm membrane and

also on frozen thawed spermatozoa by Radio Immune Assay. The result indicated that 31.4 to

46.7 mg/ml of BSP proteins are present in seminal plasma (total protein fractions 75.5 to 93.0

mg/ml) and the major BSP protein was BSP-A1/-A2 (PDC-109). The average ratio of BSP-

A1/-A2, BSP-A3 and BSP-30 kDa was 10:1:1 respectively. In the same experiment, the

result showed that all three BSP proteins were present in the sperm membranes even after

several washings and represented a ratio of 4:1:1 for BSP-A1/-A2, BSP-A3 and BSP-30

kDa respectively. Similarly, the average ratio of BSP proteins in frozen-thawed sperm was

3:1:1 for BSP-A1/-A2, BSP-A3 and BSP-31 kDa respectively. Above findings clearly indicate



Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -17-

Introduction....

that although egg yolk used in semen extenders binds with BSP proteins and causes its

sequestration (Singh et al., 2007), even then the egg yolk mediated sequestration is not complete

to prevent cryocapacitation during preservation of semen at ultra low temperature. Also it is

possible that the lipoproteins in egg yolk facilitate the non regulated cryocapacitation (Cormier

et al., 1997). This necessitates to evolve technique for sequestration of BSP proteins from the

ejaculate 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 constituent of

BSP proteins) on the spermatozoa during cryopreservation process could be minimized to

certain extent by sequestration of PDC-109 from the ejaculate at the collection time as well as

during processing. Thus the remaining concentration of PDC-109 in seminal plasma will exert

minimum detrimental effect during cryopreservation process. The available literatures so far

reveal no information on this aspect hence the proposed experiment was designed with following

objectives:

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

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

damages and in vitro   fertilizing ability of spermatozoa.

???
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2 

In bovines, seminal plasma proteins partly originate from the blood plasma by exudation

through the lumen of the male genital tract, and partly synthesized and excreted by testis (Kato

et al., 1985), epididymis (Turner and Reich, 1987), vas deferens (Feng et al., 1995) and

seminal vesicles (Manjunath et al., 1994). Aumuller et al. (1988) reported that most of the

proteins of seminal plasma are secretory products of the seminal vesicle. The seminal vesicle

secretion constitutes a portion of seminal plasma on ejaculation 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 spermatozoa by combining them with seminal plasma obtained from a highly fertile bull

semen. Further, Amann et al. (1999) reported that a peptide derived from the seminal plasma

protein (proaposin) can increase the fertility of bovine spermatozoa.

2.1 Protein content in bovine seminal plasma

Electrophoretic profile of seminal plasma of cattle and buffaloes showed 7 to 10 and

9 to 12 different proteins, respectively. Albumin and immunoglobulin were identified in the

seminal plasma of both cattle and buffaloes. At least 4 to 6 proteins in the seminal plasma were

antigenically similar to those in the blood serum whereas 5 to 6 and 6 to 7 proteins were

specific to cattle and buffalo seminal plasma respectively (Kulkarni, 1985).

The average total protein concentration in seminal plasma was 11.6, 8.7, 10.3 and

10.7 gms/100 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 total

proteins in seminal plasma 5.63 ± 0.23 (2.8 to 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 overall mean values of total protein, heparin-binding (HB) and gelatin-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) revealed that in Holstein bull semen

BSP proteins represented 40 to 57 per cent of the total seminal plasma proteins (25 to 47 per

cent of BSP-A1/-A2, 3 to 5 per cent of BSP-A3 and 3 to 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  0.5 to 1 per cent of BSP-30 kDa). The concentration of PDC-109 has been

reported to be 15 to 20 mg/ml in bovine seminal plasma (Calvete et al., 1994).

2.2 Heparin-/gelatin-binding proteins in seminal plasma

Several studies suggest that seminal plasma contains factors that modulate the fertilizing

ability of spermatozoa. A number of factors in seminal 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 ejaculated spermatozoa but are less abundant on the plasma

membrane of epididymal spermatozoa (Miller et al., 1990). Phelps and Ax (1992) found that

distribution of HBP on sperm surface to be 1) over the anterior tip of the head, 2) patches

localized to the equatorial region and 3) over the entire head. The phosphorylcholine containing

phospholipids, to which the HBP are supposed to bind, constitute 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 seminal plasma heparin-binding proteins

with molecular weight of 14 to 17, 24 and 30 kDa. Proteins of 14 to17 kDa had pl of 4.1 to

6.0 and were associated with sperm membrane and fertility. One of the heparin-binding proteins

that bind to spermatozoa had a molecular mass of 30 kDa which is synthesized by the seminal

vesicle and prostate glands (McCauley et al., 1999). It was observed that this 30 kDa protein

has sequence similarity 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. This protein has an amino acid sequence related to tissue inhibitor of metallo proteinases

-2 (McCauley et al., 2001).

Chandonnet et al. (1990) reported the ability of these proteins to bind to heparin as

Review of Literature....
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well as gelatin. These proteins are secretory products of seminal vesicles (Manjunath and

Sairam, 1987) and were found to modulate sperm properties (Bellin et al., 1988).The presence

of HBP on sperm membrane was indicative of the fertility potential of the bulls. Bulls with

detectable quantity of HBP on sperm membrane were 11 percentage points more fertile than

bulls with undetectable quantity of HBP on sperm membrane (Bellin et al., 1995). The difference

in bull fertility may be related to production and secretion of high affinity HBP complex into

seminal fluid and/or the ability of sperm to bind and incorporate these complexes in its plasma

membrane.  HBP were found to modulate capacitation and zona binding ability of buffalo

epididymal spermatozoa (Arangasamy et al., 2005).

2.3 Bovine Seminal Plasma (BSP) proteins

The major protein fraction (40 to 57 per cent) of bovine seminal plasma is represented

by a family of phospholipids-binding proteins collectively called as BSP proteins (Therien et

al., 1995). The three major heparin-binding acidic proteins secreted by seminal vesicles (Gerwig

et al., 1996) in bovine seminal plasma are BSP-A1/-A2, BSP-A3 and BSP-30 kDa

(Manjunath and Sairam, 1987). BSP-A1 and BSP-A2 are similar but differ only in glycosylation

and their mixture is called PDC-109 or gonadostatins (Esch et al., 1983). BSP-A3 does not

contain any carbohydrate whereas BSP-30 kDa is also 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-A3 is

homologous to BSP-A1/-A2 (PDC-109) with 70 per cent sequence identity including presence

of two tandem Fn-II domains (Seidah et al., 1987). The structure of each BSP protein contains

two tandemly arranged homologous domains that are similar to the type II structure present in

the collagen-binding domain of fibronectin (Calvete et al., 1996,b). This structural property

allows BSP proteins to bind heparin, gelatin (Cardin and Weintraub, 1989), high density

lipoprotein (HDL), choline phospholipids and low-density lipoprotein fraction (LDF) from

hen’s egg yolk (Therien et al., 1997).

During normal course of mating in mammals, spermatozoa migrate to the site of

fertilization within minutes of ejaculation after serially undergoing process of capacitation,

acrosome reaction, hyper activation and zona binding for successful union of gametes. These

changes include reorganization of membrane proteins, metabolism of membrane phospholipids
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and reduction in membrane cholesterol level (Yanagimachi, 1994). These are thought to aid

sperm movement towards oviduct as well as enable spermatozoa to move away from the

oviductal epithelium (Demott and Saurez, 1993) and to provide the motive thrust needed for

penetration of the zona pellucida (Rathi et al., 2001). A recent report demonstrated that BSP-

A1/-A2 (PDC-109) proteins enable spermatozoa to bind to the oviductal epithelium and

plays a major role in the formation of the oviductal spermatozoa reservoir (Gwathmey et al.,

2003).

Seminal plasma contains BSP-homologous proteins in a variety of mammalian species:

such as pB1 (Calvete et al., 1995 b), HSP-1, HSP-2 and HSP-12 kDa, (Calvete et al.,

1995 a) and GSP-14 kDa, GSP-15 kDa, GSP-20 kDa and GSP-22 kDa (Villemoure et al.,

2003) in boar, stallion and goat respectively. BSP like antigens are also present in rat, hamster

and human seminal plasma (Leblond et al., 1993).

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

BSP-A1/-A2 or PDC-109 was named following the nomenclature system of Tatemoto

and Mutt (1980). The nomenclature is based on their amino (N-) and carboxy (C-) terminal

amino acids (one letter system). PDC-109 therefore designates “the peptide (P) having N-

terminal aspartic acid (D) and C-terminal cysteine (C) with 109 amino acids”.

Purification and primary structure determination of PDC-109 have been reported

(Esch et al., 1983). It is a polypeptide of 109 amino acids and contains two tandemly repeating

fibronectin type-II (Fn-II) domains, preceded by a 23 residue N-terminal domain. This protein

is present at about 15-25 mg/mL concentration in the seminal plasma (Scheit et al., 1988).

Binding of PDC-109 with spermatozoa plasma membrane

Manjunath et al. (1988) revealed that BSP proteins bind to the plasma membrane of

spermatozoa. Around the same time Aumuller et al. (1988) reported that the major protein of

the bovine seminal plasma (PDC-109) binds to the surface of the spermatozoa. Freshly ejaculated

and washed spermatozoa bind approximately 9.3 x 106 molecules of PDC-109 per cell (Calvete

et al., 1994). PDC-109 was detected on ejaculated sperm by indirect immunofluorescence

and Western blots, but it was not detected on epididymal spermatozoa. Purified PDC-109

when added to the epididymal 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 also binds to the mid piece of sperm

once they pass the ampulla of the vas deferens during emission.

As demonstrated by Muller et al. (1998), binding of PDC-109 to membrane is a very

rapid, biphasic process with half times of less than one second. Maximal binding of PDC-109

to small unilamellar 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 model membranes at a 12:1 phosphatidylcholine to protein molar ratio.

The process was independent of the membrane structure and involved a slight conformational

change of the protein.

PDC-109 vis a vis oviduct spermatozoa reservoir

Experiments conducted by Gwathmey et al., (2003) revealed that significantly fewer

epididymal than ejaculated spermatozoa bind to explants of oviduct epithelium. Addition of

PDC-109 to epididymal spermatozoa increased epithelial binding to the level observed for

ejaculated sperm. In addition, binding of ejaculated sperm to oviduct epithelium was inhibited

by addition of excess soluble PDC-109. Ejaculated spermatozoa lost the ability to bind to

oviduct epithelium after heparin-induced capacitation, but treatment with PDC-109 restored

binding. In vivo, loss of PDC-109 from spermatozoa during capacitation could therefore

account for release of spermatozoa from the oviduct reservoir. The loss of 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

demonstrated that PDC-109 enables spermatozoa to bind to oviduct epithelium and plays

major role in formation of the bovine oviduct sperm reservoir necessary for fertilization. It has

been shown in numerous studies that the binding of sperm to the oviduct presents a mechanism

for selecting competent sperm population characterized by morphology, motility, membrane

integrity, cytosolic calcium levels, sperm protein tyrosine phosphorylation, capacitation and a

high fertilizing competence (Gualtieri and Talevi, 2003).
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PDC-109 vis a vis spermatozoa 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 permeability changes and partial disruption of the vesicles

(Gasset et al., 2000). Thereby, it stimulates cholesterol 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 biochemical feature of PDC-109

during its interaction with bovine epididymal spermatozoa. Studying the activity of plasma

membrane-bound calcium ATPases in bovine spermatozoa, they found a strong stimulatory

effect of PDC-109 on spermatozoa motility. This effect was dose-dependent, saturable, and

potentially irreversible on sperm plasma membrane ATPases, resulting in increased motility of

the spermatozoa. Preincubation of PDC-109 at temperature above 37ºC 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 a major role in regulating hyper activated motility.

They further showed that although hyper activation and capacitation occur simultaneously,

both events are regulated by different pathways.

PDC-109 vis a vis spermatozoa capacitation and acrosome reaction

The biochemical characteristics of BSP proteins have been well described (Manjunath

et al., 1988). These bind to spermatozoa membrane choline phospholipids at ejaculation

(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 spermatozoa by Glycosamino-glycans (GAGs) is stimulated at

a maturational step induced by seminal plasma. Ejaculated spermatozoa require 9 h of incubation

with GAGs to undergo acrosomal exocytosis without addition of zonae pellucida, whereas
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epididymal spermatozoa require 22 h (Lee et al., 1985). A 20-min exposure of epididymal

spermatozoa to seminal plasma reduces the time required for the acrosome reaction to 9 h

(Lee et al., 1985). The exposure of epididymal spermatozoa to seminal plasma in vitro

enables those spermatozoa to be capacitated by heparin and to respond to zonae pellucida

with an increase in acrosome reactions in a manner similar to ejaculated spermatozoa (Florman

and First, 1988). These findings suggest that BSP proteins present in seminal plasma may be

responsible for capacitation and acrosome reaction of spermatozoa. However, PDC-109

does not actually induce capacitation per se but rather enhances capacitation in the presence

of high-density 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 available in the oviduct.

PDC-109 vis a vis spermatozoa cholesterol efflux

During the transit through the female genital tract, mammalian spermatozoa must 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 several biochemical and ultra structural changes in the sperm membrane. Many studies

have shown that sperm capacitation is accompanied by a change in the lipid composition of the

sperm plasma membrane (involves a decrease in the membrane cholesterol: phospholipids

ratio, Davis, 1981). These changes appear to be a reversible phenomenon that influences the

fluidity and ionic permeability of the sperm membrane (Langlais and Roberts, 1985). Several

studies have demonstrated that cholesterol influx reduces the rate of spontaneous acrosome

reacted spermatozoa (Davis, 1980; Fleming and Yanagimachi, 1981) and also inhibit fertilization

by either inhibiting or delaying capacitation in bovines (Ehrenwald et al., 1988 a). They have

also shown that the efflux of membrane cholesterol leads to bovine sperm capacitation and

predisposes the spermatozoa to penetrate ova at a higher rate than those spermatozoa with

higher cholesterol levels.

During capacitation cholesterol is lost from the sperm plasma membrane and when

sufficient cholesterol is removed the membrane becomes unstable, enhancing its ability to fuse

with the outer acrosomal membrane, resulting in the acrosome reaction (Nolan et al., 1992).

During a typical freeze-thaw cycle, the sperm membrane must undergo phase transition during
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cooling and again at re-warming. Holt et al. (1992) obtained some evidence that phase

transitions might be involved in the manifestation of cryoinjury during the re warming of cells at

thawing. Besides causing physical disruption of the plasma membrane by the induction of lipid

packing, lipid phase transition effects cause non-linear kinetic responses in some enzymes,

including some of the membrane ATPases whose activity depends upon the physical state of

annular lipids (Kimelberg, 1977). It is likely that such effects are partly responsible for the

poor control of intracellular calcium concentration, which is evident at temperature below

17oC (Bailey et al., 1994). Moreover, the cryopreserved spermatozoa membrane has to

undergo similar fluidity changes to those seen during capacitation. They are permeable to

calcium ions which promote both capacitation and the acrosome reaction. These changes in

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

In non-capacitated spermatozoa, cholesterol is distributed over the entire sperm head,

but after induction of the acrosome reaction, cholesterol redistributes from the equatorial to

the apical region of the sperm head. Davis (1981) reported that in ejaculated spermatozoa,

coating substances and other components of seminal plasma occupy the acrosomal region of

the sperm head and have to be removed before capacitation can occur.  Rate of capacitation

depends on the rate of cholesterol depletion from the sperm plasma membrane (Gadella et al.,

2001), thus, spermatozoa with high cholesterol content (e.g. spermatozoa from man, bull and

stallion) are slow to undergo capacitation whereas spermatozoa with 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 removal 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 structural stability of the plasma membrane (De Leeuw et al., 1993). The

susceptibility of the plasma membrane to undergo lipid phase transitions during cooling is

inversely related to the level of cholesterol present. Lower cholesterol levels are present in

boar and ram spermatozoa, which are considered to be sensitive to cooling than in rabbit and

human spermatozoa that are less susceptible (Gadella et al., 2001)

The net cholesterol efflux that is observed during capacitation is affected by the capacity

of the medium to bind cholesterol. Many studies have shown that albumin (Davis et al., 1980)
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and high-density lipoprotein (HDL, Ehrenwald et al., 1990) are acceptor of cholesterol. HDL,

the only classes of lipoprotein present in bovine as well as human oviduct and follicular fluid

appears to be a more efficient acceptor of cholesterol than albumin (Ehrenwald et al., 1990).

Therefore, HDL appears to play an important role in the sperm sterol modification that occurs

during at an early stage of capacitation.

Muller et al. (2002) studied the interaction of PDC-109 with cholesterol by employing

spin-labelled analogues. It was found that PDC-109 does not interact directly with cholesterol

molecules. However, in the presence of phospholipids, a strong reduction of cholesterol motion

by PDC-109 was observed. The selectivity observed for the phosphocholine-containing lipids,

phosphatidylcholine and sphingomyelin, is the highest among other lipids for their interaction

with PDC-109 (Thomas et al., 2003). The binding of Lysophosphatidyl choline (LPC, an egg

yolk lipid) to PDC-109 is 250-fold stronger than that of phosphorycholine, the smaller negative

entropy of binding associated with LPC resulting in its significantly stronger binding to PDC-

109 (Anbazhagan and Swamy, 2005).

Cholesterol at a concentration of 1 µg/ml in semen is able to inhibit spontaneous acrosome

reaction. It is present in sperm plasma membrane (13 nmol/108 cells in human spermatozoa)

as well as in human seminal plasma at the rate of 250 µg/ml (Rathi et al., 2001). Wide variation

between bulls as well as between ejaculates has been reported by various workers. The

cholesterol content of bull spermatozoa varies from 7.87 to 16.75 µg per 50x106 spermatozoa

(Sinha et al., 1996). Therien et al. (1998) reported cholesterol content of 720 ± 41 µg/

50x108 spermatozoa in bull. Kadirvel (2006) reported mean cholesterol content as 9.92 ± 1.6

and 5.38 ± 1.85 µg/50x106 spermatozoa in fresh and frozen thawed semen samples in buffalo

bulls respectively. Therien et al. (1995) observed that amount of cholesterol did not change

up to 48 h of storage at 4oC 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 that treatment of spermatozoa with PDC-109 led to an increased

cryoinjury. The damage was dose dependent with the higher doses showing higher damages.

Dhami et al. (2004 a) observed that the total cholesterol in seminal plasma was 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 spermatozoa

The biochemical characteristics of PDC-109 have been well described by Manjunath

et al. (1988). This binds to sperm membrane choline phospholipids at ejaculation (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 beneficial for spermatozoa function. In contrast,

recent studies show that the PDC-109 induces changes in sperm plasma membrane by

stimulating 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 (i.e.

seminal plasma) and/or longer exposure (as in modulated semen), more cholesterol and

phospholipids are removed. The removal of lipids, particularly cholesterol, results in spermatozoa

membrane destabilization. Evidence shows that the decrease in cholesterol content in plasma

membrane also appears to decrease spermatozoa resistance to cold shock and freezing (Darin-

Bennett and White, 1977). It is obvious that prolonged exposure of spermatozoa to seminal

plasma that contains PDC-109 has deleterious effect on spermatozoa. Therefore PDC-109 in

seminal plasma has the potential to act as both beneficial and detrimental factors to spermatozoa

depending on its concentration in seminal plasma and exposure time.

2.3.1.1 Isolation and purification of PDC-109

Seminal 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 was done using citrate buffer

and equilibrated with phosphate buffer containing 2mM EDTA followed by addition of clear

seminal plasma. The unabsorbed proteins were washed with same equilibration buffer. The

unbound proteins were eluted as 3 ml fractions with 20 ml of same equilibration buffer containing

1 M NaCl.

Manjunath et al. (1987) isolated BSP-A1/-A2, BSP-3, and BSP-30 kDa proteins

using Gelatin-Agarose affinity chromatography. The absorbed fractions were resolved on

Sephadex G-75 and G-200 columns under the specific conditions and the BSP proteins isolated
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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 ml/h. After a 40-min

interval, fractions of 3 ml were collected and the absorbance was determined at 280 nm.

Other workers have also isolated seminal plasma protein PDC-109 following different

protocol with greater degree of purity. Calvete et al.  (1996 a) used size-exclusion

chromatography of seminal plasma for isolation and the peak containing PDC-109 was applied

to a DEAE-Sephadex A25 column. At high salt concentration only PDC-109 was retained in

the column due to its reported affinity for alkyl groups (Desnoyers and Manjunath, 1993).

A combination of heparin affinity chromatography and DEAE ion exchange

chromatography was also used by Gasset et al. (1997). Seminal plasma was applied on to a

Heparin-Sepharose column and bound proteins were eluted with 10mM o-phosphorylcholine.

The eluted proteins were extensively dialyzed against 20 mM Tris-HCL buffer (pH 6.4)

containing 1 M NaCl, and loaded on a DEAE-Sephadex column. The column was washed to

remove the unbound proteins. PDC-109, which is the only protein retained under this ionic

strength was eluted with 10 mM o-phosphorylcholine.

Gwathmey et al. (2003) also isolated and purified PDC-109 from bull seminal plasma

following above method.

2.3.1.2 Sequestration of PDC-109 from ejaculate

The role of glycerol in cryopreservation is that 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 at ambient temperature (Phillips and Lardy,

1940) and appears to prevent spermatozoa cell damage at cooling and freezing (Lasley 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-density lipoprotein fraction (LDF), shows the highest protective ability, however the

mechanism by which this protection is provided to sperm remains elusive. It is speculated that
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LDF associates with sperm membranes and provides protection against membrane damage.

Viswanath et al. (1992) suggested that EY lipoproteins compete with detrimental seminal

plasma cationic peptides in binding to the sperm membrane and thus protect the spermatozoa.

The average concentration of BSP proteins in semen is 35 to 50 mg/ml (Nauc and Manjunath,

2000) and of LDF in 20 per cent egg yolk is 10 to 15 mg/ml (Manjunath et al., 2002). Semen

is normally diluted 10 times or higher (20 per cent) with egg yolk containing medium (EYTG

extender) prior to cryopreservation. At this dilution, most of the BSP proteins may be associated

with LDF. However, cholesterol efflux by BSP proteins may start well before extenders

containing EY is added, necessitating sequestration of BSP proteins at the time of collection of

ejaculate itself.

Although no work has been reported on this aspect, several workers raised hyper

immune sera containing polyclonal antibodies against PDC-109 (Gwathmey et al., 2003) for

their studies in formation of oviductal 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 usual 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 scrotal size. With the advancement of age of bull and

scrotal size and weight, there is a gradual increase in the ejaculate volume (Tomar et al.,

1985).

Various workers reported varying amount of ejaculate volume for different breeds of

bulls. Mishra et al. (1989) reported an average volume of 5.19 ± 0.27 ml in four cross bred

bulls with varying levels of inheritance (Sahiwal x Jersey x Holstein x Red Dane). Sagdeo et al.

(1990) reported an average volume of 3.06 ml and 3.55 ml in Jersey and Holstein crosses,

respectively as compared to 2.79 ml in purebred Jersey. An average ejaculate volume of 3.92

± 0.24 ml in freezable semen samples of crossbred bulls was also observed by (Loyi, 2008).
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2.4.2 Mass activity

Mass activity of semen is one of the most common seminal attributes used for assessing

its quality due to its simplicity (Mishra and Tyagi, 2006). Kjaestad et al. (1993) found significant

relationship between motility and field fertility whereas Salisbury et al. (1978) reported that

the motility of fresh spermatozoa does not predict either the fertility or the freezability of semen.

Mass activity is significantly and positively correlated with the spermatozoa concentration,

initial motility and live spermatozoa per cent (Patel et al., 1989). Variation in mass activity may

also be influenced by the season (Tomar et al., 1985).

Mass activity is also consistently 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 Sahiwal). 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 a bull semen ranges from 300-2500 million/ml with

an average of 1200 million/ml (Roberts, 1982). Similar, mean values have been reported by

Agarwal et al. (1987) in 3/4th cross bred bulls and Patel et al. (1989) in Kankrej 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 essentially mature on reaching to cauda epididymis in that they

achieve motility and capability of fertilizing the eggs (Bedford, 1975). The spermatozoa are

immotile in the cauda epididymis due to visco-elastic effect of a glycol protein “immobilin”.

This effect was found to be reversible and non-sperm specific (Usselman et al., 1984). The

maturation of spermatozoa during their epididymal transit involves physico-biochemical and

morphological alteration resulting into cyto-physiological changes to achieve capacity for motility
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and fertility (Orgebin-Crist et al., 1976). The individual motility depends on the factors like

age of the bull (Javed et al., 2000), temperature, frequency of collection and sexual excitement

before collection (Mishra et al., 1994).

 Assessment of individual motility requires screening of individual cells; hence after a

semen dilution with suitable extender, individual cells are viewed under 400 magnifications.

Motility pattern of individual cells is characterized, counted and expressed as per cent.

The individual motility percentage reported in cross-bred bulls was 83.60 ± 13 (Singh

et al., 1992), 72.5 ± 0.0 (Mishra et al., 1994) and 77.92 ± 0.33 (Shukla and Mishra, 2005)

in fresh semen. Individual motility of 82.99 ± 0.27 (Agarwal 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), was reported for crossbred

bulls of BS x HF x H, HF x J x H, HF x S, HF x J and HF x ND inheritance respectively. A

reduction of 41 to 53 per cent in spermatozoa motility 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 individual motility of 75.5 ±

0.84 and 43.61 ± 1.33 in freezable fresh and post-thaw semen samples of crossbred bulls. An

average post-thaw motility  percentage of  35.48 ± 2.16 (HF x J x H bull; Sharma,1988)

33.98 ± 1.64 (HF x BS x H ; Pathak,1988)  and 34.89 ± 1.4 ( HF x J x H  ;  Vyas et al.

,1992)  were reported by various workers. Prasad et al. (2000) categorized semen having 40

per cent or above post-thaw motility as freezable in crossbred bulls.

Addition of heparin-binding proteins at the concentration of 40, 30, and 20 µg/ml

performed well to maintain motility when compared to 10, 50 and 60 µg/ml, indicating that

high as well as low concentration of heparin-binding protein concentration have detrimental

effect on spermatozoa motility (Arangasamy,2003). Harshan et al.(2006) reported that

spermatozoa of all the PDC-109 protein treated groups had significantly lower motility 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 motility of thawed spermatozoa (Sinha et al., 1996). Addition of catalase,

GSH, taurine, and other antioxidants helped to maintain post-thaw motility of bull spermatozoa

(Alvarez and storey, 1983).

Review of Literature....
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2.4.5 Per cent live spermatozoa

The estimation of per cent live spermatozoa in a semen sample has direct and positive

correlation with fertility of a bull. The live and dead spermatozoa could be differentiated by

their reaction to certain stains: dead sperm being colored by the vital dye, and live sperm not

being stained. Eosin is the essential cellular 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 partially 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 (Gopal 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 (Patel et al. 1989) and 84.13 ± 2.31 (Srivastava, 2000) in different genotypes

of crossbred bulls. The mean live spermatozoa for good and poor quality ejaculate in crossbred

bulls were recorded as 82.57 ± 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 at pre freeze

level, a higher amount of PDC-109 is detrimental 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 µg/mL of PDC-

109 as compared to control respectively). However at post thaw stage, decrease in viability

was noticed in all 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 µg/mL of PDC-109 as compared to control

respectively). Similar finding was reported by Fiol de Cuneo et al. (2004) observing a decrease

in sperm motility and viability when PDC-109 (0.5, 1.5 and 3.0 µg) was incubated with

cryopreserved bovine spermatozoa for 4 h in the presence of heparin.

2.4.6 Hypo-Osmotic Swelling (HOS) response

The importance of integrity of sperm membrane is unquestionable not only for sperm

metabolism but also for desirable changes in the properties required for successful union of

male and female gametes. Hence the assessment of membrane function may be a useful indicator

for determining the fertilizing ability of spermatozoa (Jeyendran et al. 1984).
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Panday et al. (1986) reported a positive correlation between motility and swollen

spermatozoa with that of in-vitro fertilizing ability of spermatozoa. However, Chan et al.

(1992) reported insignificant correlation between sperm swelling and in-vitro sperm fertilizing

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 spermatozoa to

fertilize the ovum in vitro (Vander ven et al., 1986; Avery et al., 1988). Jeyendran et al.

(1984) reported that the dead spermatozoa taking the eosin stain may not necessarily be HOS

negative and a live spermatozoon preventing the eosin stain uptake may not always swell.

Okada et al. (1990) reported positive correlation between the results of HOST and

hamster egg penetration assay for specimens with high or low fertility rates. In contrast, McClure

and Tom (1991) found no significant correlation for spermatozoa from infertile patients, but only

for spermatozoa from fertile donors in humans. Nevertheless, it was shown that combination of

HOST with other spermatozoa parameters could improve its predictive potential (Chan et al.,

1992). Combining HOST results with other parameters (e.g. motility and viability) is useful in

order to improve correlations with the fertility rate in vitro (McClure and Tom, 1991).

Agarwal (1997) reported a significant positive correlation of HOST with sperm motility

and sperm viability. Gebreselassie (2009) reported that the mean values of HOST positive

spermatozoa for good and poor quality fresh semen were 73.13 ± 1.50 and 54.56 ± 1.99 per

cent respectively. A significant positive correlation of HOST with mass motility, initial progressive

motility, live count, total 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 quality 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 buffaloes, HOS response after addition of heparin binding proteins at a concentration

of 40 and 20 µg differed significantly (p<0.05) with control and gave high HOS values (72.95

± 1.31 and 70.13 ± 0.84 vs. 50.30 ± 2.04 respectively) in fresh semen (Arangasamy, 2003).

Review of Literature....



Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -34-

Review of Literature....

Harshan (2007) reported maximum tail swelling in buffalo spermatozoa in the group treated

with PDC-109 at the rate of 40 µg/mL (76.33 ± 1.08, 73.43 ± 1.03 and 71.83 ± 0.95 per

cent in group treated with 40 and 20 µg/ml of PDC-109 as compared to control respectively)

in pre-freeze semen, whereas at post-thaw stage, a significant 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 µg/mL of

PDC-109 as compared to control respectively) of spermatozoa was observed. A range of

22.6 ± 3.9 to 58.8 ± 6.3 per cent in post-thaw HOS response in cross-bred bulls was reported

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 acrosomal integrity of mammalian spermatozoa is 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 several acid hydrolases. The

enzymes localized in the acrosome, determine the spermatozoa penetrating and fertilizing

capacity. Acrosome can be detached from the spermatozoa head under the influence of different

physical and chemical factors (Hartree and Srivastava, 1965). Optimum fertility depends on

the acrosome being structurally and functionally intact (Srivastava et al., 1965). Borgohain

(1984) observed that acrosomal damage of the spermatozoa of Holstein-Friesian, Jersey and

their crosses had significantly negative correlation with conception rates in cows. Saacke (1970)

reported a significant positive relationship between the per cent intact acrosome and non

return rate.

Stains like Eosin-blue and fast green have been used to assess the acrosome

characteristics. It is now being superseded by fluorescent tests (Harrison and Vickers, 1990).

The most commonly used staining method to detect acrosomal changes, based on staining

intensity and contrast of background is Giemsa stain (Watson, 1975) or fluoresceinated lectins

(Batova et 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.  Sharma et al., (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 correlated with pre-freeze and post-thaw motility.  Prasad,

(1997) and Srivastava (2000) recorded a positive correlation of acrosomal integrity with

post-thaw livability and motility. Paudel (2002) observed 9 per cent reduction in intact 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 significantly higher in good quality semen

than poor quality semen. A significantly positive correlation between intact acrosome, motility

and live sperm was also observed (Agarwal, 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 buffalo

epididymal spermatozoa. More than 90 per cent of spermatozoa were observed with intact

acrosome in fresh semen of breeding bulls by Giemsa staining (Aguero et al., 1994).

b. Acrosome reacted live spermatozoa by FITC-PSA stain

The integrity of spermatozoa membranes can be assessed by using a variety of lectins

that bind to glucoconjugates of the outer acrosomal membrane or the outer acrosomal matrix

such as fluoresceinated isothiacynate- pisum sativam agglutinin (FITC-PSA, Cross and

Watson, 1994; Maxwell and Johnson, 1997). FITC- PSA labeling can effectively monitor

acrosomal integrity as has been confirmed by electron microscopy assessment (Meyers et 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

yellow/erythrosin B. An assessment of the percentage of cells with intact acrosome is also

done when the acrosome reaction was induced with lysophosphatidylcholine. However, only

two patterns of staining were observed with stallion spermatozoa, representing sperm cells

with intact acrosomes and missing acrosomes. The AR in progress was not classified (Cheng

et al., 1996).

Since the intact membrane of live cells excludes a variety of charged dyes, such as

trypan blue or Propidium Iodide (PI), incubation with these dyes results in selective labeling of

dead cells, while live cells show no or minimal dye uptake. For light microscopic evaluation, a

relatively high concentration of dye is required. 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, eosin dye is used nearly exclusively to stain fresh ejaculated spermatozoa,

because glycerol, a most extensively used cryoprotectant, interferes with staining. Therefore

now a day fluorescent stains such as PI or similar other dyes in combination with FITC- PSA

are most widely used for evaluating integrity of frozen-thawed spermatozoa plasmalemma

followed by examination with fluorescence microscopy or flow cytometry (Garner and Johnson,

1995).

In order to detect changes taking place specifically in the live sperm population, Maxwell

and Johnson (1997) stained the spermatozoa with PI, and the PI-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 (Maxwell 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 binds to the acrosomal matrix (Cross et al., 1986) thus

allowing visualization of the acrosome when intact. All F category cells were intact, as were

the majority of the B pattern spermatozoa, and most of the AR pattern cells were acrosome-

reacted as determined by FITC-PSA fluorescence. Although a minority of the cells displaying

the B pattern appeared to be acrosome-reacted (rather than acrosome intact), these cells

often exhibited patchy fluorescence in the acrosomal region when assessed by PSA and this

may correspond   to cells undergoing acrosomal exocytosis (Stock and Fraser, 1987). It is

likely that cells in this category have reasonably intact plasma and outer acrosomal 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 visualizing the

ram sperm surface with electron microscopy.

2.4.8 In vitro capacitation and acrosome reaction

An indirect test of capacitation status using the antibiotic chlortetracycline (CTC) has

provided a new insight into the functional status of spermatozoa (Fraser, 1995). With CTC as
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a fluorescent probe, spermatozoa show various fluorescent patterns, which have been correlated

with predominantly, non capacitated (Pattern F), capacitated or partially 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, a fluorescent

compound) accumulates and fluoresces in membrane compartments in which high concentrations

of calcium ions exist  next  to hydrophobic sites (Tsien, 1998 ). It has been reported that CTC

can be used as a fluorescent probe to visualize the course of capacitation and acrosome

reaction in spermatozoa in mouse and bull (Saling and Storey, 1979; Fraser, 1982; Fraser et

al., 1995). A flow-cytometric assay for capacitation has also been developed based on CTC-

fluorescence (Maxwell 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 0 h, pattern F and B was observed in 61.3 & 19.5 per cent for fresh and

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 staining pattern have also been reported for bull spermatozoa (Cormier et

al., 1997): after either cryopreservation or cooling to 4° C there is a similar increase in the

capacitated B staining pattern. Cormier and Bailey (2003) demonstrated that cryopreservation

induces partial or complete capacitation of bull spermatozoa that is revealed by a greater

proportion of CTC fluorescent pattern B in bulls. Cooled and frozen-thawed spermatozoa

apparently become more “capacitated” as determined by this test.  CTC staining 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

interacts with the sperm surface at the molecular level is lacking and unfortunately, the evaluation

of CTC staining is performed on fixed sperm cells.

In buffaloes, addition of heparin-binding proteins has dose dependent effect on induction

of acrosome reaction for 1 to 5 h incubation. At every hour of incubation, there is a gradual
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increase in acrosome reacted sperm per cent in a concentration dependent manner (Arangasamy,

2003). Heparin treatment (10µg/ml) enhanced the capacitation rate of buffalo spermatozoa and

fertilization rate of oocytes under in vitro conditions (Chauhan et al., 1997). They also observed

that the percentage of acrosome 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 spermatozoa percentage when BSP proteins were added at the rate of 40µg/ml of

semen. Harshan et al. (2006) reported an increase in the number of acrosome reacted

spermatozoa in PDC-109 treated groups than the control at varying incubation periods at pre-

freeze (7.33 ± 0.33, 6.75 ± 0.46 and 3.92 ± 0.39 at 0 h.; 45.25 ± 0.48, 39.33 ± 0.83 and 30.50

± 0.97 per cent at 4 h. of incubation in group treated with 40, 20  µg/ml of PDC-109 and control

respectively) and post-thaw (19.60 ± 0.79, 17.0 ± 0.70 and 5.92 ± 0.31 at 0 h. and 22.58 ±

0.76, 19.08 ± 0.81 and 6.42 ± 0.39 at 4 h. of incubation in group treated with 40, 20 µg/ml of

PDC-109 and control respectively). The number of acrosome reacted live spermatozoa were

maximum in the group treated with PDC-109 at a rate of 40 µg/ml. At post- thaw stage, per cent

acrosome reacted spermatozoa at each time interval of incubation was higher than the corresponding

pre-freeze acrosome reacted spermatozoa of same treatment 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

cells are frozen they are subjected to stress resulting from the water-solute interactions that

arise through ice crystallization. Exposure of cells to the hyper osmotic, yet unfrozen, solution

causes withdrawal of intracellular water, consequent cell shrinkage and possible influx of ions

(Mazur, 1984).

The sperm plasma membrane is the primary site of damage induced by cryopreservation

(Hammersteds et al., 1997). Noiles et al. (1995) suggested that membrane phase transition

occurs between 4°C and 0°C in mouse sperm during freezing process which is associated

with elevated membrane fragility due to imbrittlement of phase transition and other ultra structural

modifications of the plasma membranes during cooling. The rewarming may play a role in the

poor fertility of cryopreserved sperm. It seems plausible that reorganization of sperm membrane
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lipids disturbs the lipid-lipid and lipid-protein interactions required for normal membrane function

(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 buffalo spermatozoa following freezing and thawing process have been observed.

Moreover a considerable loss in motility of sperm occurs after equilibration (Tuli et al., 1988).

The motility is not affected during dilution, cooling and equilibration but greater 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 diluents in 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 data is that as the post-thaw temperature increases,

the plasma membrane is subjected to structural 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, although the

fertility of frozen-thawed spermatozoa is reduced due to sub lethal damage that is not completely

understood (Viswanath and Shannon, 1997). However it has been recently recognized that

cryopreservation procedures (dilution, cooling, freezing/thawing) induce capacitation-like

changes in spermatozoa (Bailey et al., 2000). Watson (1995) suggested that cryopreservation

induced modifications to sperm membranes make them more reactive to their environment

after thawing such that cryopreserved sperm are in partially 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 controls as assessed by chlortetracycline

(CTC) fluorescent assay. The CTC fluorescence also revealed a greater 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 (Cormier et al., 1997), ram (Gillian et al.

1997) and boar (Maxwell and Johnson, 1997). Furthermore, spermatozoa were confirmed to

be functionally capacitated by cooling and cryopreservation, as reflected by their ability to

fertilize homologous oocytes in vitro without any pretreatment of cooled sperm, normally

required for fresh semen (Cormier et al, 1997; Fuller and Whittingham, 1997). Cormier et al.

(1997) hypothesized that commercial cryocapacitation procedures including equilibration for

4 h predisposed bovine spermatozoa to undergo premature capacitation. Once capacitated,

spermatozoa exhibit elevated metabolic rates, increased membrane fluidity and permeability,

and if they do not achieve fertilization, they undergo spontaneous acrosome reaction due to

uncontrolled influx of Ca2+. This cryocapacitation (Bailey et al., 2000; Watson, 1995) reduces

the fertilizing life span of capacitated spermatozoa and is thought to be partially responsible for

reduced fertility of frozen-thawed bull semen (Cormier and Bailey, 2003). The mechanism by

which this cryocapacitation occurs is not fully understood and hence needs to be elucidated.

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 are found at high concentrations in a wide variety of organisms that survive osmotic

stress, severe dehydration, and low temperature stress. Indeed these agents are now being

considered to have an important role in the molecular biology of osmo-regulation and the

ability of certain organisms to survive low intracellular water activities (Crowe et al., 1984).

The spermatozoa plasma membrane lipids respond to temperature changes by alterations in

their physical phase state. Although regions of fluid and gel phase lipids coexist at physiological

temperatures, reduction of temperature favours fluid to gel transitions; the presence of sterols

is to inhibit these phase changes (Holt, 2000). As spermatozoa are not adapted to undergo the

temperature changes involved in cryopreservation, they can not modify their lipid content to

suit the environmental conditions.

This useful strategy of lipids is widely used in nature to compensate for the change in

ionic permeability and enzyme activity, which result from phase transitions (Hazel, 1995).

Trehalose 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 helps in 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 quality of cryopreserved ram as well 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 trehalose interacts with phospholipids by increasing the area of these molecules in

phospholipid monolayers, fluidizing bilayers of small unilamellar vesicles, and reducing the co-

operativity of the gel to liquid phase transition in bulk solution.

The events associated with cryocapacitation were reversed by chelating the calcium

with EGTA and by adding epididymal and seminal plasma (Harkema et al., 1998). Similar

reversibility was also observed in spermatozoa agglutination when agglutinated spermatozoa

were exposed to EGTA and to epididymal and seminal plasma (Harayama et al., 1994). The

concentration of unbound calcium in the cell could be made very low by introducing calcium

specific chelators such as EGTA which specifically binds Ca2+ with high affinity and lower the

free Ca2+ level.

  Studies on preservations of unfrozen semen revealed that controlling of oxidation by

exogenous antioxidants in the extender such as catalase, greatly helped to maintain spermatozoa

quality (Foote, 1970). Excessive production of ROS was also associated with a reduction in

the motility and fertilizing capacity of stored spermatozoa which could be improved by the

addition of antioxidants such as super oxide dismutase and catalase to semen diluents (Stojanov

et al., 1994).

  Butylated hydroxytoluence (BHT), a free radical scavenger known to interact with

biological membranes with their fluidity and phase transition behaviour, has been shown to

decrease the permeability of bovine spermatozoa membranes (Hammersted and Andrews,

1997). Suleiman et al., (1996) concluded that vitamin E seems to protect against the loss of
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the spermatozoa motility by lipid peroxidation. Supplementation of vitamin E improved

spermatozoa motility and increased the possibility of fertilization.

2.7 Zona binding assay

Successful fertilization is known to involve several sequential steps. These are: oviduct

spermatozoa reservoir, hyper activation and capacitation in the female reproductive tract,

binding of the capacitated spermatozoa to the zona pellucida (ZP), induction of spermatozoa

acrosome reaction, penetration of ZP, and fusion of sperm with the vitelline membrane of the

oocyte. These vital steps in fertilization form the basis for development of assay for the goal of

predicating the fertility of semen. Binding of sperm to ZP is a prerequisite for sperm penetration

through the ZP and its fusion with oolemma.

Sperm-ZP recognition and the binding are the earliest stages in the interaction between

spermatozoa and oocyte. Fazeli et al. (1993) recommended the use of such assay for routine

evaluation of bovine semen. Brahmkshri et al. (1999) further stressed upon the use of this

bioassay as a test of fertilizing potential.

Several variation of fertilization assay has been used. One variation is to use zona-pellucida

free hamster oocytes instead of homologous oocytes (Floreman et al., 1989). A homologous

oocyte with intact ZP would test the fertilizing ability of spermatozoa under more physiological

conditions. Sinowatz et al. (2003) investigated zona binding among bovine and porcine oocyte

with equine spermatozoa under in vitro conditions and compared with homologous zona binding

in bovines. Their results indicated insignificant differences in zona binding between heterologous

and homologous assays. Cox et al., (1994) compared efficiency of goat spermatozoa to penetrate

cattle 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

spermatozoa penetrated equally well cattle and sheep oocytes.

The relative number of sperm cells bound to the zona pellucida of oocytes in two bulls

has correlation with their 56 day non-return of 73.2 and 67.5 per cent respectively (Fazeli et al.,

1993). Kadirvel (2006) reported zona binding ability of in vitro capacitated and cryopreserved

buffalo spermatozoa as 115.8 ± 20.8 and 53.8 ± 14.5 in fresh and frozen thawed spermatozoa

respectively. Exposure of spermatozoa from cauda epididymis to accessory sex gland fluid resulted

in direct increase in zona binding ability, followed by a further increase during capacitation in

Review of Literature....
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vitro. Incubation of spermatozoa with heparin or oviductal fluid increased the ability of spermatozoa

to bind to ZP (Topper et al., 1999). The outcome of the in vitro fertilization system differs

among the bulls (Shi et al., 1991). In some studies, significant correlations between embryo

cleavage and field fertility have been demonstrated (Shamsuddin et al., 1993), not in others

(Schneider et al., 1996). Harshan et al., (2006) reported that treatment with PDC-109 increased

the number of spermatozoa bound to ova than the control group at the pre-freeze stage. Arangasamy

(2003) reported an increase in the number of buffalo cauda epididymal spermatozoa bound to

ZP when treated with either HBP or gelatin binding seminal plasma proteins. Fazeli et al.,(1993)

reported that binding ability of the frozen-thawed bull spermatozoa significantly 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 acrosomal damage and zona binding ability of

spermatozoa after freezing-thawing. Similarly reduced binding ability to the zona pellucida after

freezing and thawing in dog (Strom et al., 2000), in boar (Fazeli et al.,1999) and in human

(Cormier and Bailey, 2003) was also reported.

???
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Materials and Methods

The proposed study was conducted at the Germ Plasm Centre (GPC), Indian

Veterinary Research Institute, Izatnagar, Bareilly (UP). The institute is located at an altitude of

564 feet above the mean sea level, at a latitude of 28o North and a longitude of 79o East.

Bareilly has a subtropical 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 chemicals used in this study are listed below with their source in parenthesis.

Acetic acid (glacial), bromophenol blue, EDTA, HCI, methanol, isopropanol, glycine,

acrylamide, bisacrylamide, agarose, sodium lauryl sulphate (SDS), Coomassie brilliant blue

R-250 and TEMED (Merck, India), protein molecular markers were procured from Bangalore

Genei. All other chemicals used in the experiments were procured from Sigma Aldrich, USA.

Sterilization of articles

For all the experimental purposes including semen collection and processing (exceptions

if any have been indicated in the body of experiments), all 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. Thereafter; glasswares were washed vigorously with tap water, rinsed

twice in double distilled water, dried and sterilized in a hot air oven at 160o C for 1 h.

Autoclaving at 10 Ibs pressure (110o C) was done for buffer solutions (20 min), rubber

articles and artificial vagina (10 minutes). The stains, polyvinyl alcohol and other polyethylene

articles were exposed to ultraviolet rays for one hour before use.
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For protein isolation work, glass column was cleaned thoroughly with soap water, tap

water, rinsed with distilled water and dried in oven. Thereafter glass column was filled with

chromic acid and allowed 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 J x H) bulls maintained at the Germ Plasm Centre of I.V.R.I. were

used for the collection of the semen. These bulls were reared under the identical feeding and

managemental conditions during the entire duration of the study.

Semen was collected during morning h using artificial vagina as per the standard practice.

The sample was immediately supplemented with a protease inhibitor cocktail used at the

manufacturer’s recommended concentrations (P 8340, Sigma Aldrich, USA). For the sake of

uniformity only those ejaculates that had a mass activity of +3 and above (on a scale of  0 to

+5) and individual motility of 70 per cent or above were selected for further processing.

3.1.2 Selection of ejaculates

Ejaculates were selected based on the basis of mass activity as well as individual

motility.

The mass activity of the semen sample was determined by assessing the motility of the

spermatozoa just after semen collection. It was observed under the low power of microscope

without cover slip 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.

Individual motility was recorded as percentage of progressively motile spermatozoa in

a semen sample (Salisbury et al. 1985). This was assessed by placing a drop of the diluted

semen on a clean, grease free glass slide mounted on a stage maintained at 37oC and observed

under high power magnification (400X). The semen sample was extended so that approximately

15 to 20 spermatozoa were visible under the visual field of microscope. Samples having individual

motility of 70 per cent or above were selected for the study (Salisbury et al., 1985).
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3.1.3 Processing of seminal plasma and storage

Each ejaculate was centrifuged at 4000 g for 20 min to remove the suspended

spermatozoa and particulate debris. The cell pellet was discarded and supernatant plasma

was collected. It was further centrifuged at 10000 g for 60 min at 5oC to clear the seminal

plasma and was stored at -20oC until analysis.

3.1.4 Total protein estimation

Total protein content of seminal plasma was estimated as per the standard procedure

described by Lowry et al. (1951).

Method

Standard Bmvine Serum Albumin (BSA) containing 10 to 50 µg of solution was pipetted

in five different test tubes (in duplicate). Volume of each tube was made up to 0.5 ml with

double distilled water (DDW). In another test tube, 0.5 ml of DDW was taken as blank

solution. 0.5 ml of diluted sample containing approximately 20 to 40 µg protein was taken in a

separate tube as test solution. To this 2.5 ml of reagent C (Annexure) was added and mixed

well. This was allowed to stand for 10 min. at room temperature. Thereafter 0.25 ml of reagent

D (Annexure) was added to each test tube and mixed immediately.  30 min. after development

of bluish colour, absorbance was read at 750 nm in spectrophotometer. A standard curve was

drawn by plotting protein concentration against absorbance and values 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 consists of progressive purification of seminal plasma proteins

by using Heparin-Sepharose affinity chromatography followed by DEAE-Sephadex ion-

exchange chromatography.

Method

Clean glass column (height/circumference, 11/7 cm; Vensil, India) was marked 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 passing 10 ml each of citrate
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buffer solution containing100 mM citrate buffer, (pH 5.5) 1 M NaCl, 0.025% sodium azide

and Tris-HCl solution containing 100 mM Tris-HCl  (pH 8.8), 1 M NaCl and 0.025% sodium

azide. At least 100 ml of each buffer was passed alternately. Thereafter column was equilibrated

with 100ml of solution containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 5 mM EDTA,

2mM PMSF and 0.025% sodium azide (equilibration buffer). Clear seminal 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 allow proteins to

bind. The column was extensively (7 to 8 times) washed with equilibration buffer to remove

unabsorbed proteins. The adsorbed heparin binding proteins (HBP) were eluted in 3 ml fractions

with elution buffer containing 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 5 mM EDTA, 100

mM choline chloride and 0.025% sodium azide. The column was washed thoroughly with

equilibration buffer for storage of used HS media. Finally storage buffer (0.5 M NaCl and 0.05%

sodium azide) was passed through the column and it was stored in storage buffer at 5o C.

The optical density (OD) of eluted HBP fractions was 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

against solution containing 50 mM Tris-HCl (pH 7.4), 150mM NaCl, 5 mM EDTA, and

0.025% sodium azide and stored at -20o C till further purification and isolation of PDC-109.

The fraction used for further purification to obtain PDC-109 was concentrated by

dialyzing against solution containing 20mM Tris-HCl (pH 6.5) and 1M NaCl. Thereafter

previously cleaned glass column  was marked at 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 Tris-HCl (pH 6.5) with 4M NaCl ; 0.2 M Tris-HCl (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-HCl (pH 6.5) with 1M NaCl. The dialyzed protein sample was

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 allow desired

proteins to bind. The column was washed extensively with equilibration buffer to remove the

unadsorbed proteins. The elution of bound PDC-109 was carried out using 20mM Tris-HCl

(pH 6.5), 1M NaCl with 100 mM choline chloride in 3 ml fractions. The OD of eluted protein
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fractions (3 ml) were observed in spectrophotometer at 280 nm. Pooled fractions were analyzed

for protein content by the standard procedure given by Lowry et al. (1951) and thereafter

dialyzed against Tris-Citrate buffer (Annexure) fortified with antibiotics to remove NaCl and

to balance the pH. The protein thus isolated was identified against protein molecular weight

markers by SDS-PAGE. The dialyzed protein was used to raise antisera in male rabbit.

3.1.6 Identification of purified protein

The isolated and purified protein was analyzed by discontinuous Sodium Dodecyl

Sulphate-Poly Acrylamide Gel Electrophoresis (SDS-PAGE) as described by Laemmli (1970).

Method

a. Gel preparation

For discontinuous SDS-PAGE, glass plates with 1.5 mm spacers were assembled in

gel casting mould. The comb was inserted between the plates. The notched plate was marked

1cm below the comb teeth for stacking gel. Before removing comb, each well is marked

serially. The 15 per cent resolving gel solution (Annexure) was poured between glass plates.

The gel surface was immediately layered with a small amount of water or isopropanol and

allowed to polymerize for about half an hour. After the polymerization of resolving gel was

complete, the water above the gel was decanted and the gel surface was rinsed twice with

distilled water. The stacking gel solutions (Annexure) were prepared and poured on to the

separating gel. Comb was inserted between the plates immediately and the gel was allowed to

polymerize for an hour. After the polymerization of the stacking gel, the comb was removed

carefully and the wells were rinsed with water. The plates with the gel were then carefully

taken out of the mould and put in electrophoresis 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 electrophoretic run

Protein samples were prepared by mixing protein solution (at least 150 to 200 µg) with

sample buffer (Annexure, 4:1) and 5 per cent mercaptoethanol. The processed protein samples

were kept in water bath at 60 to 70o C for about 5 min and loaded into the wells using Hamilton

syringe. Protein molecular weight marker (Fermentas, India) was also loaded into first well.
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The electrophoresis was carried out at room temperature in constant voltage mode at

50 volts till the dye entered the resolving gel, thereafter electrophoresis was carried out at 100

volts. The power supply was disconnected after the dye front reached the bottom of the gel.

The gel plates were prised apart and the gel was carefully removed by repeated soaking in

distilled water. The gel was put in fixing solution (Annexure) for 1 to 2 h.  After removing the

gels from fixing solution the gel 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) NewZealand White male

rabbits were used for raising anti-sera against purified PDC-109.  Pre immune blood was collected

from all the four rabbits just before immunization, sera was separated and stored at -20o C for

further use. For primary immunization 100 µg of PDC-109 was mixed with an equal volume of

Freund’s complete adjuvant (FCA) to form an emulsion. Emulsification was checked by placing

a drop of the mixture on the surface of water. Each rabbits were injected subcutaneously with

100 µg of PDC-109 in FCA immediately after blood was collected to obtain pre immune serum.

First booster dose, containing 100 µg of PDC-109 emulsified with equal amount of Freund’s

incomplete adjuvant (FIA) was given subcutaneously at 2 weeks interval whereas second booster

was given on day 21 followed by third booster on 28th day. Rabbits were bled five days after

third booster to assess the level of antibody produced in the serum. For this about 5.0 ml blood

was collected, serum separated and immuno-diffusion test was performed to assess the presence

of ‘antibodies against 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 allow clotting. The clotted

blood was brought to laboratory under ice and kept at 4oC for 1 h. The serum was separated by

centrifugation of the clotted blood at 1500 g for 10 min. Sera were mixed with 5 ppm sodium

azide and 0.5ml aliquots were made. These aliquots were stored at -20oC till IgG 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 alcohol) glass slide

and placing them on a horizontal surface. A solution of 1 per cent agar in PBS (Annexure) was

dissolved by boiling it in conical flask. About 4.5 ml of melted agar in PBS was placed over

each glass slide (forming a thickness of 1.5 mm) very carefully so that it does not flow out of

slide and allowed to solidify. Once it was solidified, holes were punched out in a concentric

manner using hub of a needle and excess agar was removed from wells using needle. Thereafter

central well was filled with PDC-109 solution (100 µg in 1 ml of PBS) and surrounding wells

were filled with serially diluted hyper immune sera (1:2 to 1:16 in PBS). This procedure was

repeated for each rabbit (and each collection) separately. These plates were then incubated in

humid boxes at 37o C for 48 to 72 h. The precipitation lines developed at varying time interval

for each rabbit which indicated presence of hyper immune sera (IgG) against protein (PDC-

109). These gels were 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-109.

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

The antisera raised in rabbit against PDC-109 were used in two-fold dilutions ranging

from 1:50 to 1: 25600. Two columns of well were used as control, which consisted of pre-

immune sera. The serum dilutions were made in 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

a microtitre assay plate about 100 µl optimally diluted antigen was coated and incubated in a

humid chamber overnight at 4oC. 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 at 37oC for 2 h.

The plates were washed thrice with washing buffer. Antisera raised against PDC-109 (primary

antibody) were diluted and each well was filled with 100 µl of antibody solution in the aforesaid

dilutions. The plates were incubated in humid chamber at 37oC for 1 h. The plates were again

washed thrice with washing buffer.  To each well 100 µl of 1:10,000 diluted goat anti-rabbit

IgG HRPO conjugate was added and plates were further incubated at 37oC for 1 h in humid

chamber. After incubation plates were washed thrice with washing buffer. 100 µl of freshly

prepared substrate solution (Annexure) was added in each well and plates were kept in dark

at room temperature for 20 to 30 min for the color development. The reaction was stopped by

adding 100 µl of sulphuric acid (1N) and the absorbance was measured at 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 gel were transferred electrophoretically onto nitrocellulose membrane (NCM,

Sigma Aldrich, USA) using blotting apparatus (ATTO, Japan) as per protocol described

below.

Method

After electrophoresis, the gel was taken 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

a size 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 transfer 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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Materials and Methods....

papers (Whatman filter paper no. 3) exactly of gel size over the gel after soaking them in

transfer buffer. The complete stack was saturated with ice-cold transfer buffer before the

cathode plate was placed in position over the stack and a current of 3 to 5 mA/cm2 was

applied for 3 h. After transfer, the gel was stained to check the efficiency of transfer and the

membrane was subjected to immunological detection.

Development of blot

The membrane, after transfer, was incubated overnight in 5 per cent (w/v) skim milk in

PBS-T (PBS containing 0.2 per cent Tween 20), pH 7.4 for blocking the nonspecific binding

sites. After blocking, the membrane was washed thrice with PBS-T (5 min each) and incubated

with 1:400 diluted rabbit anti PDC-109 serum at 37oC for 2 h.

Thereafter, the membrane was washed thrice with PBS-T as described above and

incubated for 1 h at 37oC with 1:5000 diluted goat anti rabbit HRPO conjugate (Sigma,

USA).After washing, the protein antibody reaction was detected by incubating the membrane

with substrate (Annexure). The colour reaction was terminated by washing the membrane with

distilled water to prevent background coloration.

3.3 Isolation of ‘antibody against PDC-109’

The antisera collected from immunized male rabbits showing dark precipitation lines at

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) slowly by continuously stirring at 4° C for 2 h. The solution was

centrifuged at 9000 g for 10 min to collect precipitate. This precipitate was dialyzed overnight

against 0.01M phosphate buffer (pH 8.0) at 4oC. The pre cleaned glass columns were mounted

on the stand and were marked at 20 cm height. The DEAE-Sephadex media (Sigma Aldrich,

USA) was poured till the mark. The packed column was equilibrated with 0.01M phosphate

buffer (pH 8.0) at room temperature. The previously dialyzed solution was applied on to the
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Materials and Methods....

top of equilibrated column. When flow rate of 2 ml/5min. decreased, top of the column bed

(DS media) was stirred lightly. The column was washed in two steps. Column containing DS

media was washed with 3 bed volumes (35 ml, first washing) of 0.01M phosphate buffer (pH

8.0) until all the unretained proteins comes out which was monitored by measuring absorbance

of the fraction (5 ml each) at 280 nm. Afterwards fractionation on a column was done using a

0.03M phosphate buffer containing 100 mM NaCl (second washing). The OD of the eluted 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 against PDC-109’

Five bulls used in the present study had an average concentration of 21.7 mg/ml of

PDC-109 with average ejaculate volume of 3.14 ml. IgG rich fraction (antibodies against

PDC-109) was added in the ejaculates at the ratio of 1:1 with PDC-109 to bind and sequester

the protein from the ejaculates.

After estimation of concentration of ‘antibodies against PDC-109’ (IgG-rich) in pooled

eluted fractions, 3.14 ml elute containing 21.7 mg/ml of ‘antibodies against PDC-109’ was

transferred in graduated test tubes. These tubes were then subjected to vacuum lyophilization

to reduce the volume. This resulted in each test tube containing 68.14 mg of ‘antibodies against

PDC-109’ in lyophilized form. These test tubes were kept at -20º C until used for collection of

ejaculates in treatment groups (gr.3 and 4).

3.4 Sequestration of PDC-109 from the ejaculate

Proposed experiment was conducted in four groups as mentioned below.

Group 1 : Semen collected and diluted in Egg Yolk Tris Glycerol (EYTG) extender as

per routine procedure.

Group 2 : Direct collection of ejaculate in EYTG extender.

Group 3 : Direct collection of ejaculate in test tubes coated with, ‘antibodies against

PDC-109’.

Group 4 : Semen collection as per routine procedure and diluted in extender without egg

yolk but containing ‘antibodies against PDC-109’.
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After collection of ejaculates in each group, it was processed further for cryopreservation

following routine procedure.

3.4.1 Physico-morphological characteristics

In addition to volume, mass activity and individual motility, semen samples from all

four groups were subjected to following physico-morphological assessment.

a. Spermatozoa concentration

The concentration of spermatozoa (millions/ml) in semen samples was determined by

using haemocytometer (Salisbury et al., 1985).

b. Individual Motility

Individual motility was assessed as described earlier for fresh semen sample.

c. Per cent live Spermatozoa

The per cent live spermatozoa was determined by adopting differential staining technique

using Eosin-Nigrosin stain as described by Lasley and Bogart, (1942). A drop of semen was

taken on a clean, grease free pre warmed glass slide 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 a thin

smear was made on another clean, grease free glass slide. The smear was dried in air and

examined under oil immersion objective. A total of 200 spermatozoa were counted in each

slide. The stained and partially 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 (37o C) test tube. In this tube (containing

hypo-osmotic solution of 150 mOsm/L) 0.1 ml of semen was added and mixed well. The

sperm suspension was incubated in water bath at 37oC for 45 min. After incubation a drop of
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eosin-Y solution was added. A small drop of the suspension from the bottom of the tube was

placed on a clean, grease free glass slide and covered with cover slip. The slides were examined

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: Swelling at the tip of the tail

Pattern C:Different types of hair-pin like swelling

Pattern D: Complete tail swelling.

The sperm cells displaying the swelling pattern 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

Acrosomal integrity of fresh, pre-freeze and post-thaw spermatozoa was assessed

using Giemsa stain (Watson, 1975).

Method

A smear of diluted semen sample was prepared on a clean, grease free glass slide and

air-dried. This was dipped in Hancock’s fixative (Annexure) for 15 min for fixation of smear.

Fixed smear was washed in slow running water (10 minutes), rinsed with distilled water and

air-dried. The smear was stained in Giemsa working solution (Annexure) for 3 to 4 h. Slide

was then removed from the stain solution and rinsed quickly in distilled water, air dried and

mounted in DPX mountant. The slide was examined under oil immersion objective of the

microscope to assess acrosomal integrity. At least 200 spermatozoa were counted and

categorized as acrosome intact or acrosome reacted in each sample and percentage calculated.
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f. Acrosome reacted live spermatozoa by FITC-PSA stain

The acrosomal status of spermatozoa in semen samples was also assessed using

fluorescein labeled lectin from the peanut plant, Arachis hypogaea (FITC-PSA) using a slightly

modified version of the procedure described by Sukardi et al. (1997).

Method

Modification included use of PBS instead of HEPES buffer and removal of excess PI

by diluting the contents several fold and centrifugation instead of filtration of the solution.

Preparation of reagents

1.   PI solution 500 µg/ml: 20 mg of PI dissolved in 40.0 ml of PBS.

2.   FITC-PSA 100 µg/ml: 1mg of FITC-PSA dissolved in 10.0 ml of PBS.

100 µl 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 final volume was made up to 100 µl with PBS to which

2.0 µl of PI solution was added to get a final concentration of 10 µg/ml PI in the sperm

suspension. The spermatozoa were allowed to interact with PI exactly for 2 min. The excess

PI was removed by adding 10 fold volume of PBS and centrifuged gently at 800 g for 5 min.

The supernatant was removed and final volume was again adjusted to 100 µl with PBS. From

this 20 µL of diluted semen suspension was smeared on clean grease free glass slide in duplicate

and dried. Spermatozoa were permeabilized by flooding the slide with 100% methanol for 5

min. Excess methanol was removed by washing the slides with PBS. Permeabilized slides

were then flooded with FITC-PSA working solution (40 µg FITC PSA/ml) in PBS. The slides

were kept in dark chamber at 37o C for half an hour. Excess FITC-PSA was removed by

rinsing the slides with PBS. A drop of anti fade solution of 0.22M 1, 4-diazo-bicyclo (2, 2, 2)

octane was placed on the stained smears in order to preserve fluorescence. A cover slip was

placed, pressed and edges sealed with color less nail varnish. Slides were examined within

two hours under the fluorescence (Nikon Microphot FXA EPI-FL3; Japan) with FITC filter

set at 40 x magnification. A total of 200 spermatozoa were counted and categorized as follows:

PSA positive and PI negative : Acrosome intact live (AIL)
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PSA positive and PI positive  : Acrosome intact dead (AID)

PSA negative and PI negative: Acrosome reacted live (ARL)

PSA negative and PI positive : Acrosome reacted dead (ARD)

PSA positive sperm showed green to yellowish green fluorescence. PI positive

spermatozoa showed red colored nuclear material, indicating damaged membrane, as intact

membrane is impermeable to PI. Cells which retained staining of the equatorial segment were

considered fully acrosome reacted as these cells were considered totally devoid of PSA staining.

The PI-positive cells were excluded from the estimate of acrosome intact and acrosome reacted

live spermatozoa.

g. Washing of spermatozoa

Washing of spermatozoa was necessitated for estimation of cholesterol content of

spermatozoa and in vitro capacitation and acrosome reaction.

Immediately after evaluation, fresh and frozen thawed spermatozoa were washed using

Percoll density gradient (Strom et al. 2000) to remove egg yolk particles, dead cells and debris.

Method

One ml layer of 40 per cent Percoll (V/V, Sigma Aldrich, USA) in non capacitating

medium (NCM , Annexure)) was pipetted carefully over a 1 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. This test tube was centrifuged at 400 g

for 30 min. After centrifugation, the pellets were 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 aliquot of 1

ml (in duplicate) of all the four groups in cryovials and stored at -20oC till used for in vitro

assays viz. cholesterol estimation and CTC assay.

h. Cholesterol assay

The cholesterol content in spermatozoa was 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 vial. 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 spermatozoa was evaporated

to dryness under liquid Nitrogen gas and kept at -20oC. At the time of estimation, 0.5 ml of

chloroform was added to each vial and cholesterol was estimated by cholesterol assay kit

(Span Diagnostics Ltd, India).

In a test tube marked ‘blank’ 1000 µl of reagent 1 (Annexure) whereas in another

tube marked ‘standard’ 1000 µl of reagent 1 and 10 µl of reagent 2 (Annexure) was added. In

third tube marked ‘test’ 1000 µl of reagent 1 was mixed with 10 µl 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:

Cholesterol concentration = O.D. (Test)/O.D. (Standard) x 200

i. In vitro capacitation and acrosome reaction

The CTC method was used to determine spermatozoa capacitation was slightly modified

from Fraser et al. (1995). The procedure adopted was as follows

Method

The CTC solution (Annexure) for determination of capacitation and acrosome reaction

was prepared daily and pH adjusted to 7.8. The solution was protected from light and maintained

at 4o C till use. 10 µl of spermatozoa suspension was mixed with equal volume of CTC solution

on a previously cleaned grease free slide at room temperature. After five seconds, 1.5 ml of

gluteraldehyde (12.5 per cent v/v in 20 mM Tris-HCl, pH 7.4) was added to the samples.

Finally a drop of 0.22 M, 1, 4- diaza-bicyclo (2, 2, 2) octane dissolved in glycerol: Phosphate-

buffered saline (9:1) was added to retard the fading of CTC fluorescence. The slides were

covered with cover slips and examined on the same day. The CTC fluorescence was observed

with a Nikon microscope equipped with phase contrast and epifluorescent optics. All samples

were processed in duplicate and the experiment was replicated six times. At least 200

Materials and Methods....
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spermatozoa per slide 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 cells

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

Pattern AR : Dull fluorescence over the whole head except for a thin punctate band of

fluorescence along the equatorial segment (acrosome reacted cells)

No fluorescence was observed when CTC was omitted from the preparation.

3.4.2 Pre freeze 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 motility, HOS response, acrosomal integrity, cholesterol 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 all the four groups were subjected to heterologous (buffalo oocyte)

zona binding assay after freezing-thawing (post-thaw). The method of Fazeli et al. (1993) was

followed.

Method

Collection of ovaries

Ovaries from sexually mature buffaloes were collected in sterile and chilled normal

saline solution (Annexure) supplemented with antibiotics from local abattoir just after slaughter

and transferred to the laboratory. The ovaries were washed 6 to 8 times with NSS fortified

with antibiotics.

Oocyte collection

Follicular fluid from surface follicle (>2 mm) of buffalo ovaries were collected by

aspiration method with 18 gauge needle attached to a 5 ml syringe containing oocyte collection

Materials and Methods....
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medium (OCM, Annexure). The collected cumulus oocyte complexes (COC) were poured in

a 50 ml centrifuge tube and kept undisturbed for half an hour in a CO2 incubator at 39oC, 5%

CO2 and 95% humidity to allow the COC to settle. 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 selected under a stereo-zoom microscope and transferred to another

petri dish containing OCM. The selected COCs were washed 6 to 7 times with OCM and

finally 4 to 5 washings in oocyte maturation media (OMM, Annexure) were carried out.

In vitro maturation of oocytes

The COCs were cultured in 50-100 µl (10-12 oocytes/drop) of maturation media

under mineral oil in petri dishes. They were incubated at 39oC, 5% CO2 and 95% humidity for

24 h. The ova were 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 mineral oil in 5% CO2 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 spermatozoa were then washed twice with the sperm TALP

(Annexure) by centrifugation at 170 g for 10 minutes. The spermatozoa suspension was

resuspended in fertilization TALP (Annexure) and concentration was adjusted at 5 x 107

sperm / ml. The aliquots were placed under mineral oil in eppendorf tube in 5% CO2 incubator

with 95% humidity at 37oC for up to 6 h.

After maturation, oocytes were removed by gentle pipetting with capillary tube and

transferred in disc containing fertilization TALP followed by washing 6 to 8 times in fertilization

TALP. After washing, 10 to 12 oocytes were placed in 50 µl of fertilization TALP and 20

to30 µl of capacitated sperm was added to it and co-incubated at 39oC, 5% CO2 and 95%

humidity for 18 to 20 h in CO2 incubator. To remove free and loosely attached spermatozoa

to zona pellucida, fresh fertilization TALP was added to droplets 6 to 7 h later for washing and

Materials and Methods....
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process was repeated 2 to 3 times. Thereafter droplets containing oocytes and spermatozoa

were again transferred back to CO2 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 spermatozoa bound to zona pellucida (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 carried with PROC GLM of SAS 9.2 available in Genetics division of

Indian Veterinary Research Institute.

???

Materials and Methods....



Results

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

For isolation of PDC-109 ejaculates showing mass activity +3 or more and individual

motility 70 per cent and above were only selected from cross-bred (F x J x H) bulls. A total of

24 ejaculates were collected. The mean volume, mass activity and individual motility were

3.14 ± 0.5 ml, 3.1 ± 0.4 and 78.25 ± 1.79 per cent respectively.

4.2 Protein content

The protein content in seminal plasma was 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 total protein. The average concentration of isolated purified PDC-109

was 21.7 ± 0.42 mg/ml constituting 24.1 per cent of the total protein content of seminal

plasma.

4.3 Elution profile of the purified proteins

The elution profile of HBP and PDC-109 has been presented in Fig. 2 and 3. It was

evident from the results that maximum elution of HBP occurred in fraction 3 and 4, trailing off

to minimum by fraction 6, whereas maximum elution of PDC-109 was observed in fraction 2

and 3. Choline chloride at a concentration of 100 mM was found suitable for the elution of

PDC-109 from DEAE-Sephadex column.

 
4 



Fig. 2 : Elution curve of HBP of crossbred bull semen using 100 mM choline chloride
on affinity chromatography, equilibrated with 150 mM NaCl
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Fig. 1 : Standard curve for protein estimation
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Fig. 3 : Elution curve of PDC-109 from HBP fraction of  crossbred bull semen
using 100 mM choline chloride on ion exchange chromatography,
equilibrated with 1 M NaCl
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4.4 Electrophoretic profile of seminal plasma proteins

SDS-PAGE analysis of HBP and purified PDC-109 of seminal plasma was 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 visualize them as individual 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 Zealand White male rabbits for raising

antisera. The production of ‘antibodies against PDC-109’ (IgG-rich fraction) in all four male

rabbits was assessed by immunodiffusion asssay. Three out of four male rabbits responded to

antigen (PDC-109) by producing antisera indicated by the presence of clear bands in

immunodiffusion assay (Fig.6). Serial dilution of hyperimmune sera with PBS (1:16 in rabbit

A, 1:4 in rabbit B and C reacted with antigen (100 µg in 1 ml PBS) by producing dark bands.

Evaluation of antibody/antigen titre using ELISA

Checker-board assay was carried out with progressively diluted antibody (raised in

rabbits against PDC-109) and antigen samples.

On plotting the graph of obtained ELISA reading (O.D. at 492 nm) against 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 were resolved on SDS-PAGE gel and transferred electrophoretically

to Nitro Cellulose Membrane (NCM). The NCM were then probed with antibody raised

Results....
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Fig. 4 : SDS-PAGE of HBP from crossbred bull semen purified by affinity
chromatography in 15% gel under reduced condition and stained
with Coomassie Brilliant blue G-250
Lane M : Standard protein marker
Lane 1 : HBP

Fig. 5 : SDS-PAGE of PDC-109 from HBP fraction of crossbred bull
semen purified by ion exchange chromatography in 15% gel
under reduced condition and stained with Coomassie Brilliant
G-250
Lane M : Standard protein marker
Lane 1-7 : PDC-109 from different bulls
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Fig. 6 : Immunodiffusion assay in 1% agar in PBS, precipitation line showing
interaction of PDC-109 with its antisera at 1:2 to 1:16 dilutions.
Hyperimmune sera diulted 1:2 to 1:16 in PBS.
Antigen 100 µg diluted in 1 ml of PBS.

Precipitation Line
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1:2 dilution
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against PDC-109. The development of a single brown band in the lane examined indicated the

specificity of the antisera raised (Fig. 7).

Purification of ‘antibodies against PDC-109’ from antisera

Isolation of IgG rich fraction from immunized rabbit sera by ammonium sulphate

precipitation followed by DEAE ion-exchange chromatography resulted in a pure fraction

(first Peak, Fig. 8). Chromatographic pattern of purified rabbit ‘antibodies against PDC-109’

with phosphate buffer pH 8.0 (first peak) and   phosphate buffer + 100 mM NaCl (second

peak) is shown in Fig 8.

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

The concentration of ‘antibodies against PDC-109’ in two pooled eluted 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’

Figure 9 shows the results of SDS-PAGE for determining the purity of IgG 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 IgG heavy

chains and diffused band, molecular weights of 25 kDa corresponding to rabbit IgG light

chains is evident. The SDS-PAGE analysis showed that purification of IgG by ion-exchange

chromatography could yield an antibody rich fraction from rabbit hyper immune sera in two

peaks.

4.6 Physico-morphological characteristics

Effect of sequestration of PDC-109 on various physico-morphological characteristics

in fresh, pre-freeze (at the end of equilibration period) and post-thaw semen has been presented

below.

a. Individual motility

The mean value of individual motile spermatozoa in fresh, pre-freeze and post-thaw

semen has been presented in Table 1, Fig. 10.

Results....
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Fresh semen

The mean values were 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 significant difference in per cent individual motility of spermatozoa in

different treatment and control groups.

Pre-freeze

The pre-freeze per cent individual motility of spermatozoa was 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 individual motility of spermatozoa differed significantly (p<0.01) in group

4 as compared to control and other treatment groups.

Post-thaw

The mean value of post-thaw individual 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.

There was significant difference in 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 motility observed in post-thaw semen from pre-freeze values

was 25.17, 22.83, 9.16 and 19.34 in groups 1, 2, 3 and 4 respectively, indicating lowest

decrease in 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, 82.50 ± 2.17, 86.33 ± 2.18 and 81.83 ± 2.16 in group 1, 2, 3 and 4 respectively.

Results....
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The above results showed higher mean values in group 3 whereas it was comparable

in group 2 and 4 with group 1 (control).

Pre-freeze

The mean per cent live spermatozoa at pre-freeze stage were 75.17 ± 2.42, 75.33 ±

2.18, 83.83 ± 2.18 and 70.33 ± 2.18 in group 1, 2, 3 and 4 respectively.

The data presented above showed a significant (p<0.05) difference in per cent viable

spermatozoa in group 3 as compared to control as well as other two treatment groups whereas

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.

 The values differed significantly in group 3 (p<0.05) as well as in group 4 and (p<0.01)

compared to control. However it was similar 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 decrease in 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. Hypo osmotic swelling response

The mean values of HOS responsive spermatozoa in 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 spermatozoa was 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.

There was no significant difference in HOS responsive spermatozoa in different groups.

Results....
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Fig. 14a : Spermatozoa showing HOS
response

HOS
negative,
eosin positive

HOS positive,
eosin negative

Fig. 14b : Spermatozoa showing
various pattern of tail coiling
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Fig. 13 : Effect of sequestration of PDC-109 on HOS response. The
vertical column represent mean±SE
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Pre-freeze

The mean pre-freeze per cent HOS responsive spermatozoa was 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 significant 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.

The HOS response was significantly 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 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.

Per cent decrease in HOS response observed in post-thaw semen from pre-freeze

values was 9.0, 7.67, 10.67 and 15.83 in groups 1, 2, 3 and 4 respectively, indicating maximum

decrease in group 4.

d. Acrosomal integrity by Giemsa stain

The mean values of spermatozoa with intact acrosome in all groups as determined by

Giemsa staining 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 significant difference in mean values 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 ± 2.29 in group 1, 2, 3 and 4 respectively.

Results....
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Fig. 15 : Effect of sequestration of PDC-109 on acrosomal integirty of
spermatozoa by giemsa stain. The vertical column represent
mean±SE



Fig. 16a : Giemsa stained spermatozoa
showing acrosome intact and
abnormal

Fig. 16b :  Giemsa stained normal spermatozoa

Fig. 16d : Giemsa stained swollen and
detached acrosome

Fig. 16e : Giemsa stained spermatozoa
showing elongated head

Fig. 16f : Giemsa stained spermatozoa
showing  swollen head

Fig. 16c : Giemsa stained spermatozoa
showing pear shape
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 The per cent spermatozoa with intact acrosome was significantly (p<0.05) different in

group 3 when compared to group 1 (control) and 2.

Post-thaw

The mean post-thaw value 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 values were significantly different (p<0.01) in group 3 as well as in group 4 than

group 1 (control).

In four groups decrease in per cent intact acrosome observed at pre-freeze stage from

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-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.

e. Acrosome reacted live spermatozoa by FITC-PSA stain

The mean value of live spermatozoa showing acrosome reaction as assessed by FITC-

PSA and PI 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

± 2.11, 5.43 ± 2.09 and 5.33 ± 2.11 in group 1, 2, 3 and 4 respectively. No significant

difference in mean values 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 ± 2.20 in group 1,2, 3and 4 respectively.

The mean value of acrosome reacted live spermatozoa was significantly (p<0.05)

different in group 3 and 4 than control.

Results....
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Fig. 17 : Effect of sequestration of PDC-109 on percent acrosome
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Fig. 18a : Spermatozoa acrosome stained with FITC PSA

Fig. 18b : Spermatozoa acrosome stained with FITC PSA

Intact
acrosome

Acrosome
reacted

Intact
acrosome

Acrosome
reacted

Fig. 18c : Spermatozoa acrosome stained with PI
showing dead spermatozoa



Fig. 18d : Spermatozoa acrosome stained with FITC
PSA + PI
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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 + PI
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Results....

Post-thaw

The mean post-thaw values were 43.67 ± 2.11, 44.33 ± 2.11, 30.83 ± 2.10 and

36.67 ± 2.30 in group 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.

In these groups, per cent increase in mean value of acrosome reacted live spermatozoa

at pre-freeze stage from fresh was 25.5, 24.7, 14.9 and 22.0 in group 1, 2, 3 and 4 respectively.

Per cent increase in mean value at 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 spermatozoa in group 3 than other groups.

f. Cholesterol content of spermatozoa

The mean cholesterol content of spermatozoa (µg/100 million) in fresh, pre-freeze and

post-thaw semen samples has been presented in Table 6 and Fig. 19.

Fresh semen

The mean cholesterol content of spermatozoa (µg/100 million) in fresh semen was

23.35 ± 0.93, 20.85 ± 0.91, 23.35 ± 0.93 and 20.85 ± 0.93 in group 1, 2, 3 and 4 respectively.

The mean values in group 2, 3 and 4 showed no significant difference with that 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 (µg/100 million spermatozoa) in group 1, group 2, group 3 and group

4 respectively.

A significant (p<0.05) difference in cholesterol content of spermatozoa was 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 (µg/100 million spermatozoa) in group 1, 2, 3 and 4

respectively.
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Results....

The values were significantly (p<0.05) different in group 3 compared to group 1

(control).

Decrease in per cent cholesterol content of spermatozoa at pre-freeze stage from that

of fresh semen was 13.63, 11.42, 8.4 and 12.35 in groups 1, 2, 3 and 4 respectively, indicating

lowest decrease in group 3.

Post-thaw decrease in per cent cholesterol content of spermatozoa from that of mean

value in pre-freeze semen was 2.46, 1.82, 3.35 and 1.57 in groups 1, 2, 3 and 4 respectively.

g. In vitro 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 value was 79.83 ± 1.36, 80.81 ± 1.30, 80.67 ± 1.36, and 80.17 ± 1.29 in

group 1, 2, 3 and 4 respectively 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 significant difference of mean values in group 3 (p<0.01) and

group 4 (p< 0.05) whereas it was non significant in group 2 than group 1.

Post-thaw

The post-thaw mean value 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 values showed a significant (p<0.01) difference in group 3 compared to

group 1 (control).

Spermatozoa showing pattern F in pre-freeze semen revealed a decrease of 51.0,

51.33, 21.0 and 61.17  per cent from mean values in fresh semen in groups 1, 2, 3 and 4

respectively, indicating minimum decrease in group 3 whereas it was highest in group 4.
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Fig. 20 : Effect of sequestration of PDC-109 on percent non capacitated
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mean±SE

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



Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -92-

Results....

The mean post-thaw value 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 values in

groups 1, 2, 3 and 4 respectively.

Pattern B (capacitated)

The mean per cent spermatozoa showing 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 value of spermatozoa exhibiting 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 value 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.

The mean values were significantly (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 significant (p<0.05) difference in group 3 than group 1

(control).

Pattern B spermatozoa in pre-freeze semen showed a increase of 31.83, 38.0, 15.83

and 36.0  per cent from mean values 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 a increase of 5.17, 3.34, 12.17 and 7.66

per cent from mean values in pre-freeze semen in groups 1, 2, 3 and 4 respectively.

Pattern AR (acrosome reacted)

The mean per cent spermatozoa 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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Fresh semen

The per cent mean value of pattern AR spermatozoa was 5.17 ± 1.74, 5.33 ± 1.52,

5.83 ± 1.68, and 5.16 ± 1.70 in group 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.

The mean values were significantly 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 spermatozoa was 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.

The results above indicated a significant (p<0.05) difference in mean values in group 3

than group 1 (control).

Spermatozoa showing pattern AR in pre-freeze semen revealed a increase of 19.16,

13.34, 5.17 and 25.17  per cent from mean values in fresh semen in groups 1, 2, 3 and 4

respectively, indicating minimum increase 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 values in pre-freeze semen in groups 1, 2, 3 and 4 respectively.

h. Zona binding ability of post-thaw spermatozoa

The mean values of zona binding assay (binding per cent and binding index, BP and

BI, respectively) for semen samples of all the four groups after freezing-thawing (Table 10,

Fig. 24 and 25) were evaluated.

The BP and BI for semen samples were 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, 3 and 4 respectively.

Results....
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Fig. 24 : Effect of sequestration of PDC-109 on heterologous zona
binding. The vertical column represent mean±SE
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The above results indicated significant difference in group 3 (p<0.01) and group 4

(p<0.05) compared with group 1 (control) for BI in post-thaw spermatozoa. No significant

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

???

Results....



Discussion

It has been established that PDC-109 in seminal plasma is beneficial during fertilization

in female reproductive tract by inducing capacitation, acrosome reaction and zona binding,

hyper-activation as well as by helping in formation of oviduct-spermatozoa reservoir. In contrast,

bovine seminal plasma proteins also induce changes in the sperm plasma membrane by

continuously stimulating cholesterol and phospholipids efflux in a time and concentration

dependent manner. It was therefore postulated that detrimental effect of excess PDC-109

(majority constituent of BSP proteins) on the spermatozoa during cryopreservation could be

minimized to certain extent by sequestration of PDC-109 from the ejaculate at the time of

collection as well as during processing.

Thus the present study was designed to investigate the effect of sequestration of PDC-

109 at collection as well as during processing and the effect of sequestered semen on minimization

of cryodamages and in vitro fertilizing ability of spermatozoa.

Briefly, PDC-109 was isolated, purified and characterized, antisera raised against it in

rabbits and then the ‘antibodies against PDC-109’ was added in extender to cause sequestration

of PDC-109 from the ejaculates of various groups. Ejaculates thus collected were then evaluated

for various seminal parameters and results were compared with control. For the purpose of

investigation four groups formed were group 1: control; group 2: Direct collection of ejaculates

in EYTG; group 3: Collection of ejaculates in test tubes coated with ‘antibodies against PDC-

109’, later processed in EYTG and group 4: Extender containing ‘antibodies against PDC-

109’ but no EY.

 
8 5
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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 seminal

plasma before isolation of PDC-109. The value of total proteins/ml (90.1 ± 5.6) present in

seminal plasma is in agreement with the findings 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 total 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 proteins in crossbred bull seminal plasma. As the proteins were eluted

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) evaluated the concentration of each

BSP proteins by respective radio immune assays in the seminal plasma of 25 individual bull

ejaculates and indicated that BSP proteins represent 31.4 to 46.7 mg/ml in seminal plasma

whereas the total protein was 73.5 to 93.0 mg/ml. Nauc and Manjunath (2000) also observed

variations in the concentration of total proteins and BSP proteins in split ejaculates from the

same bull. They reported that BSP proteins in seminal plasma constituted 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 ejaculate in bovine seminal

plasma and sperm membrane, respectively.

In the present investigation, PDC-109 constituted 21.7 ± 0.42 mg/ml, representing an

average of 24.1 per cent of total protein fraction of crossbred bull seminal 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 seminal 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 seminal plasma to quantitate

PDC-109, the present study employed progressive purification of the protein using two stage
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chromatographic procedures, each of these steps leading to a loss of certain amount of protein.

This might be the reason for the low recovery rate of PDC-109 and other proteins observed

in this study. Calvete et al. (1994) quantitated PDC-109 (15-20 mg/ml) which is lower than

the value in present investigation. Difference in value might be due to difference in purification

procedure.

5.1.2 Elution profile of the purified proteins

The elution profile of all the HBP proteins purified by affinity chromatography resembled

the typical graph of affinity chromatography with a sharp rise in the O.D. and a gradual tailing.

Elution of HBP from heparin-Sepharose column using choline chloride revealed (sharp rise in

fraction 3 and 4, trailing in 5 and 6) similar elution profiles (Fig.2). Similar observations (sharp

rise in fraction 2 and 3) were made for the elution 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 also reported by Harshan (2007).

5.1.3 Electrophoresis of seminal plasma proteins

Eluted seminal plasma protein 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.

In the present study the analysis of HBP proteins on SDS-PAGE revealed three bands

in the region of 14 to 17 kDa and 28 to 30 kDa (Fig.4). The result is in 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 also designated as PDC-109 which has

an identical amino acid sequence but their difference resides in their degree of glycosylation.

The two proteins essentially represent the same protein groups hence the similarity in the SDS-

PAGE profile. BSP-30kDa is also 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 the two proteins (BSP-A1 and -A2) constituting PDC-109. Gwathmey

et al. (2003) also 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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5.1.4. Production and evaluation of antisera

a. Immunodiffusion assay

Hyper immune sera was raised in four male New Zealand White rabbits. The production

of antisera (‘antibodies against PDC-109’ or IgG rich fractions) was subjected to

immunodiffusion test. Figure 6 shows that three out of four male rabbits responded to antigenic

stimulation with PDC-109 by producing antisera as evident from appearance of clear band in

immunodiffusion assay. Absence of antigenic response in fourth rabbit could be attributed to

non specific factors such as sub clinical disease or individual variation in responding to antigenic

stimulation.

b. Enzyme Linked Immuno Sorbent Assay

The antisera collected from rabbits were evaluated for its titre by checker board assay

employing serial 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 findings were

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 development

of a single 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-109 in the alcohol 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 against PDC-109’ with phosphate

buffer pH 8.0 (first peak) and   phosphate buffer + 100 mM NaCl (second peak) is shown in

Figure 8. The concentration of ‘antibodies against PDC-109’ in two pooled eluted fractions

was 15.7 ± 0.3 and 10.5 ± 0.4 mg/ml on protein basis for first and second peak respectively.
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Figure 9 shows the result of SDS-PAGE for determining the purity of IgG 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 IgG heavy

chains and diffused band, molecular weight of 25 kDa, corresponding to rabbit IgG light

chains is visible. The SDS-PAGE analysis showed that purification of IgG 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 samples were evaluated for seminal

attributes before separation of seminal plasma.

a. Volume

The mean ejaculate volume of semen sample recorded in present study was 3.14 ±

0.5 ml. The finding is in agreement with other workers (Mishra et al., 1989; Patel et al.,

1989). Loyi (2007), while working on freezable and non freezable semen samples of crossbreds,

observed that ejaculate volume had no influence on semen quality. However, ejaculate volume

has an important bearing on total number of frozen semen straws harvested from each bull,

affecting economics of semen production. The variation in the semen volume could be influenced

by the age (Raja and Rao, 1983), individual bull factor, month of collection (Rao and Rao,

1978) and season (Bhoite et al., 2008).

b. Mass activity

In present study, the average mass activity of semen samples was 3.1 ± 0.4 on a scale

of 0 to 5. The result is in agreement with findings of other workers (Mishra et al., 1989; Patel

et al., 1989). Higher mass activity is associated with freezability (Sethi et al., 1989). A

consistently high mass activity is indicative of fertility of a bull (Agarwal et al., 1987).

c. Concentration

The average spermatozoa concentration in present study was found to be 840.55 ±

35.42 million/ml. The finding is comparable with those reported by Agarwal 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 significantly (p<0.05) correlated with the individual motility.

Concentration of spermatozoa is greatly influenced by individual bull factor (Agarwal et al.,

1987), season (Patel et al., 1989), breed, environmental factors (Tomar et al., 1985) and age

(Rao and Rao, 1978).

5.1.8 Physico morphological characteristics of treatment groups

Before discussing the effect of sequestration of PDC-109 on the various spermatozoa

parameters evaluated in the study, a discussion about the possible mode of action of PDC-

109 on spermatozoa would be helpful.

At ejaculation spermatozoa are exposed to the seminal fluid, which contains the PDC-

109 contributed by seminal vesicles. During this brief exposure the proteins remove a significant

amount of cholesterol, which is also accompanied by the release of some phospholipids.

Manjunath and Therien (2002) found that this cholesterol efflux from epididymal spermatozoa

is concentration and time dependent. Studies with BSP proteins by the same authors have

shown that an exposure of 15 to 30 min leads to 7 to 15 per cent cholesterol efflux while an

exposure of 4 h leads to 25 per cent cholesterol efflux. Though the BSP proteins induce a

significant cholesterol efflux, this is insufficient to complete capacitation. A second cholesterol

efflux induced by HDL (discussed later) in the female genital tract may be essential for completion

of capacitation and acrosome reaction. Studies on goat spermatozoa by Iborra et al. (2000)

indicated that removal of about 30% cholesterol from sperm membranes did not induce any

capacitation and acrosome reaction. A release of about 50-65 per cent cholesterol was required

to induce capacitation and acrosome reaction. Ehrenwald et al. (1988a) did not detect any

acrosome reacted bovine spermatozoa even after 31 per cent cholesterol efflux. This lipid

efflux resulting in decreased cholesterol to phospholipids ratio, may slightly destabilize the

sperm membrane, thus priming for spermatozoa capacitation. Davis (1980) observed that

capacitation involves a decrease in membrane cholesterol to phospholipids ratio. During

capacitation, cholesterol is lost from the sperm plasma membrane, and when sufficient cholesterol

is removed, the membrane becomes unstable, enhancing its ability to fuse with the outer

acrosomal membrane, resulting in the acrosome reaction (Nolan et al., 1992). These initial

changes appear to be a reversible phenomenon that influences the fluidity and ionic permeability
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of the sperm membrane (Langlais and Roberts, 1985). Davis (1981) based on several studies,

proposed that the loss of cholesterol from the sperm membrane and the resulting decrease in

the cholesterol/phospholipids (C/P) molar ratio is an important step in the process of spermatozoa

capacitation. This concept is supported by other studies (Fleming and Yanagimachi, 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 Ca2+, HCO3
- and K+ (Visconti and Kopf, 1998). High intracellular

concentrations of these ions are required for a spermatozoon to undergo the acrosome reaction

(Parrish et al., 1999) as well as to fuse with the oocyte (Brewis and Moore, 1997).

In order to enable the spermatozoa to undergo heparin-mediated capacitation, heparin

must interact with sperm membrane bound BSP proteins. Therien et al. (1997) observed that

ejaculated spermatozoa are coated with all three BSP proteins, all 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 cholesterol efflux or acrosome reaction of the epididymal

spermatozoa in 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 at the right time in the right place (Therien et al., 1995). Because of this

requirement the sperm begin their capacitation only within the female genital tract remaining

incapacitated until they reach the appropriate time and place for capacitation.

The destabilization of the sperm plasma membrane is also contributed by prolonged

exposure of spermatozoa to PDC-109 during cryopreservation process (Therien et al., 1995).

The increase in permeability 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 seminal

plasma. The increase in permeability of plasma membrane produces capacitation like changes

in cryopreserved spermatozoa.
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The value of seminal attributes of the semen samples of all four groups were also

studied in fresh semen with the view to make effective comparison of values obtained at later

stages (pre-freeze and after freezing-thawing) of experiments. The mean values of seminal

attributes in fresh semen were important for discussion of similar values especially for HOST,

cholesterol estimation and, in vitro capacitation as well as acrosome reaction. The pre-freeze

evaluation of various seminal physico-morphological charactestics, in vitro capacitation,

acrosome reaction and cholesterol content of spermatozoa in different groups were carried

out with the aim of evaluating the effect of sequestration of PDC-109 on the spermatozoa

before they were subjected to the stress of cryopreservation. The data obtained would also

help to appreciate the degree of change or protection provided by the sequestration of PDC-

109 from the seminal plasma to the spermatozoa during subsequent cryopreservation process.

In addition to above, heterologous zona binding assay was carried out using post-thaw

spermatozoa of four groups.

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

The mean value of pre-freeze individual motility of spermatozoa was significantly

(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 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 (Table 1, Fig. 10).

The mean value of individual motile spermatozoa after freezing-thawing showed (Table

1) a significant difference in group 3 (p<0.01) and group 4 (p<0.05) than group1 (control).

Per cent decrease in motility observed in post-thaw semen from pre-freeze values was 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 individual motility in fresh semen is in agreement with those

reported by Singh et al. (1972) and Loyi (2007). Ejaculates having individual motility of 70

per cent or more were considered freezable, (Loyi, 2007). Significant correlation between

individual motility and fertility had been observed by Singh et al. (1972) and with freezability

by Rana and Dhami (2004).



Studies on sequestration of PDC-109 protein on cryodamage and in vitro fertility...... -108-

Discussion....

Harshan (2007) while using epididymal spermatozoa, observed that the group treated

with 40 µg PDC-109/ml had significantly higher (p<0.05) pre-freeze motility 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 µg/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 concentrations being deleterious.

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 biophysical membrane properties, eventually resulting in increased

spermatozoa motility. Sanchez-Luengo et al. (2004) purified PDC-109 from bull seminal

vesicle extracts and studied its effect on spermatozoa motility. The experiments demonstrated

that PDC-109 significantly increases spermatozoa motility. The authors studied calcium-pumping

mechanisms by monitoring the effect of PDC-109 on various parameters of enzyme activity of

Ca (2+)-ATPase in epididymal sperm plasma membranes and compared them with Ca (2+)-

ATPase activities from other organs and from epididymal spermatozoa of different species.

They observed that enzyme activities of both Mg (2+) - dependent and Mg (2+)-independent Ca
(2+)-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 37oC and pH ranging

from below 6.5 and above 8.5 led to the loss of the stimulatory effect. An analysis 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, as it could be elicited also in rat spermatozoa. Sanchez-Luengo et al. (2004) found

that on addition of 2 µM of PDC-109, the straight line velocity increased from a basal value of

9.6 ± 0.14 to 42.4 ± 0.10 µm/s. Average path velocity (µm/s) increased from a basal value of

19.2 ± 0.07 to 52.2 ± 0.11 after adding 2 µM proteins. Curvilinear velocity (µm/s) ranged

from 44.5 ± 0.13 without protein to 100.9 ± 0.23 after addition of 2 µM of PDC-109.

Increasing the amount of PDC-109 to 4 µM did not further enhance the velocity. The relative

number of spermatozoa with enhanced motility was not increased after further addition of

PDC-109.

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

in alterations of other plasma membrane components of the sperm tail, resulting in an increase
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in the intracellular Ca2+ and cAMP levels that support increased motility. The role of cAMP in

regulating mammalian spermatozoa motility is well established (Yanagimachi, 1994).The removal

of cholesterol with a resultant change in sperm plasma membrane fluidity could modulate Ca2+

and  HCO3 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 changes in cholesterol level in the plasma membrane over the middle

piece and principal piece may increase the lateral mobility of membrane components.

Therien et al. (1995) observed that PDC-109 stimulated the efflux of spermatozoa

cholesterol in a dose dependent manner observing that motility of bovine spermatozoa decreased

from about 80 to 90 to 10 to 20 per cent in the beginning of the incubation period (6 to 8 h)

when 120 µg/ml of PDC-109 was present. The effect could be due to a higher efflux of

cholesterol than the level, which provides optimum membrane fluidity for motility. Therefore,

sequestration of PDC-109 from the semen samples by the combined effect of antibodies

against and LPC from egg yolk in group 3 resulted in higher pre-freeze motility percentage. It

seems that presence of antibodies against PDC-109 alone (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 motility per cent, a decrease 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 seminal plasma due to incomplete sequestration of

protein in group 4 might lead to loss of energy, leading to spermatozoa wasting and decreased

motility.

At post-thaw stage spermatozoa of all the protein treated groups had significantly

lower motility than the spermatozoa of control group in a dose dependent manner with the

highest dose showing the greatest reduction in spermatozoa motility Harshan (2007). Similar

findings were also reported by Kumar (2005).

It was evident from the findings of Harshan (2007) that prolonged exposure of

spermatozoa with higher concentration of PDC-109 as during cryopreservation process leads

to damages to sperm plasma membrane caused by excessive cholesterol efflux. The stability

of sperm plasma membrane required for viability and regulating calcium uptake, is disturbed

after prolonged exposure to PDC-109 resulting in inhibitory effect on individual motility of
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post thaw spermatozoa. Therefore, sequestration of PDC-109 by antibodies against it and

lysophosphatidylcholine from egg yolk in group 3 was the reason for spermatozoa showing

higher post-thaw individual motility. It is probable that sequestration of PDC-109 from seminal

plasma in group 4 was not sufficient and remaining amount of protein exerted its deleterious

effect on spermatozoa motility. Also, it was observed that no added benefit could be derived

from direct collection of ejaculates in EYTG extender (group 2) when compared to routine

processing procedure as far as individual motility is concerned. This might be due to similar

level of sequestration of PDC-109 from ejaculates from both groups thus showing identical

post-thaw individual motility.

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

The per cent live spermatozoa in pre-freeze semen (Table 2, Fig. 11) showed a

significant (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

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.

It is evident from Table 2 that mean post-thaw live spermatozoa was significantly

different in group 3 (p<0.05) and group 4 (p<0.01) than group 1 and 2. Per cent decrease in

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 value 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 ejaculates for further processing in cryopreservation. Loyi (2007)

reported significantly (p<0.05) higher percentage of live spermatozoa in freezable ejaculates

than the non-freezable ejaculates.

Harshan (2007) had observed decrease in viable spermatozoa per cent in group

containing higher amount of PDC-109 (120 vs. 40 µg PDC-109/ml). His experiment indicated

that though lower doses of PDC-109 did not affect viability, a higher amount of PDC-109 in

seminal plasma is detrimental for spermatozoa viability.
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Fiol de Cuneo et al. (2004) observed a decrease in spermatozoa motility 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

death and that rapid removal of spermatozoa from seminal plasma was critical for maximal

viability. Similar results were obtained with respect to motility and viability when PDC-109

was tested 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 although PDC-109 is beneficial for spermatozoa

function, they might be detrimental to the spermatozoa if exposed for longer periods. In earlier

studies, the toxic effect of seminal 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 seminal plasma is immediate and persists even after

washing spermatozoa. Thus the toxic effect of seminal plasma or accessory gland fluid could

be attributed to the PDC-109 which are present in very high concentration in the seminal

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

Thus it could be assumed that sequestration of PDC-109 from the semen samples by

antibodies against it and by lysophosphatidylcholine (LPC) from egg yolk in group 3 could

have led to decrease in detrimental effect of the protein vis-à-vis 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 phospholipids from

sperm plasma membrane was also decreased. Consequently, there was reduced sperm

membrane destabilization, resulting in higher viability percentage in group 3. However, absence

of similar beneficial 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 sequestration of protein leading to loss of viability.

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 treated with

highest dose of protein showing the greatest reduction in viability per cent.
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PDC-109 was shown to initiate cholesterol and phospholipids efflux from spermatozoa

membrane (Therien et al., 1998) and this could trigger a decreased stability of the spermatozoa

to a series of stress factors to which spermatozoa are exposed during cryopreservation and

thawing. Exposure of spermatozoa for 4 h to BSP proteins leads to about 25 per cent cholesterol

efflux (Moreau and Manjunath, 2000). Hence, the loss of cholesterol causes the spermatozoa

cells to become more susceptible to stress. Altering the lipid composition of sperm plasma

membranes not only affects the ability of spermatozoa to capacitate and to acrosome react, it

also affects the way spermatozoa respond to cryopreservation (Purdy and Graham, 2004).

It has been reported that loss of PDC-109 bound to sperm plasma membrane occurs

during cryopreservation. 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

spermatozoa and found a decrease 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. This reduction

in protein itself could either be the cause of increased susceptibility to membrane damage as a

result of associated lipid efflux leading to cryodamages which is mirrored by decreased

spermatozoa viability in present study.

Other workers have also reported that spermatozoa, following exposure to seminal

plasma, become more sensitive 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

removal of spermatozoa from seminal plasma or accessory sex gland fluid is critical for maximum

viability. The decrease in cholesterol content of spermatozoa appears to decrease spermatozoa

resistance to cold shock and freezing. It could be assumed therefore, that as the unbound

PDC-109 content of semen sample was sequestered by antibodies against it and also by LPC

from egg yolk, it led to significant (p<0.05) increase in viability percent in group 3. The beneficial

effect of sequestration of PDC-109 had manifested itself at pre-freeze stage. 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 protein in group 4 leading

to loss of viability. It was also observed that direct collection of ejaculates in EYTG extender

(group 2) did not offer any added benefit with respect to spermatozoa viability in comparison

to routine processing where ejaculates were collected and extender was added later on. This
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might be due to similar level of sequestration of PDC-109 by presence of egg yolk LPC in

both groups manifesting in identical viability per cent.

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

The mean values 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 response in post-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

15.83 in groups 1, 2, 3 and 4 respectively, indicating maximum decrease in group 4.

HOST is an important indicator of spermatozoa membrane integrity which is required

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 spermatozoa at

post-thaw (Agarwal et al., 1987).

While working with cauda epididymal spermatozoa of buffaloes, Harshan (2007)

observed maximum pre-freeze HOS response in the group treated with PDC-109 at the rate

of 40 µg/ml which was attributed to beneficial effect of PDC-109 in stabilizing the sperm

membrane in a first step (Greube et al., 2001). The decrease in 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).

The plasma membrane is a key organelle with respect to spermatozoa fertilizing ability.

A sensitive way of testing plasma membrane functionality is to examine the ability of spermatozoa

to moderate it’s swelling in response to hypo-osmotic stress (volume regulatory ability). Khalil

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 deficiencies in

volume recovery after hypotonic challenge, indicating, that intact volume regulatory ability was

a necessary 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 due to the

efflux of cholesterol by it during the initial exposure of the spermatozoa to the protein. Davis

(1981), has shown that cholesterol alters the bulk biophysical properties of biological

membranes. This steroid can increase the orientation order of the membrane lipid hydrocarbon

chains and as a consequence can reduce the ability of membrane proteins to undergo

conformational changes this may control their functions due to the fact that membrane is less

fluid. Therefore, high concentration of cholesterol 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 idea that both direct and indirect

effects of this steroid on regulation of enzyme/ion channel activity could be involved (Vermuri

and Philipson, 1989).

In the present study, higher pre-freeze HOS response observed in group 3 could be

due to the removal of deleterious effect of long time exposure of spermatozoa to PDC-109 by

its sequestration through antibodies and also 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

sequestration of PDC-109 by antibodies in extender used. Probably more quantity of ‘antibodies

against PDC-109’ in extender could have offered desired protection level to spermatozoa

against deleterious effect of protein.

While working on buffalo cauda epididymal spermatozoa, Harshan (2007) observed

that HOS response in the entire PDC-109 treated group was significantly lower than the

spermatozoa of control group at post-thaw stage. The reduction 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 also reported by Kumar (2005).

In the present study, the observation on post-thaw HOS response was similar to

those observed in viability percentage and individual motility. This is along the expected lines

as it was observed that sequestration of PDC-109 from semen samples brought about a

significant increase in viability and motility after freezing-thawing. HOST is a good mirror of

the integrity of sperm membrane; therefore, any change in sperm membrane integrity is reflected

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 against 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 the low dose of antibodies as well as absence of egg yolk LPC. It was also observed

that direct collection of ejaculates in EYTG extender (group 2) did not offer any added benefit

with respect to HOS response in comparison to routine processing where ejaculates were

collected and extender was added later on. This might be due to similar level of sequestration

of PDC-109 by egg yolk in both groups.

d. Effect of sequestration of PDC-109 on acrosomal integrity

The acrosomal intactness of spermatozoa was determined using giemsa stain.

The pre-freeze mean value (Table 4, Fig. 15) was significantly (p<0.05) different in

group 3 than group 1 (control). In four groups decrease in per cent intact acrosome observed

at pre-freeze stage from 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.

The mean value of spermatozoa with intact acrosome after freezing-thawing was

significantly 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

cauda epididymal spermatozoa of buffalo had no significant difference in pre-freeze acrosomal

integrity than control whereas in post-thaw semen samples negative dose dependent effect on

post-thaw acrosome integrity  with control group showing significantly (p<0.05) higher values

than the protein treated groups was reported. Various studies had shown that PDC-109

exposed spermatozoa had a greater susceptibility to acrosome damage (Therien et al., 1998).

In a study by Harshan (2007) the cauda epididymal spermatozoa from buffalo was

used .The semen samples from buffalo cauda epididymis had apparently no seminal plasma

protein and hence there was no detrimental effect of added dose of PDC-109 on sperm

plasma membrane. Therefore when measured quantity of PDC-109 was added to such semen

samples a protective effect of stabilizing the sperm plasma membrane in a first step was observed.
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However in the normal course of cryopreservation process, semen samples contain ample

quantity of PDC-109 which causes detrimental effect on sperm plasma membrane stability.

This was the reason that in present study when excess quantity of PDC-109 was sequestered

from seminal plasma by addition of antibodies against it as in group 3, a higher response of

pre-freeze and post-thaw acrosome integrity was observed. However, it was observed that

beneficial effect of addition of ‘antibodies against 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 safely assumed that addition of higher dose of ‘antibodies

against PDC-109’ in extender would lead to desired protection of spermatozoa vis-à-vis

acrosome integrity. It was also observed that direct collection of ejaculates in EYTG extender

(group 2) offered no added benefit for spermatozoa acrosome integrity as compared 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 acrosome reacted live spermatozoa by

FITC-PSA stain

The mean per cent acrosome reacted live spermatozoa was assessed by FITC-PSA

and PI. Number of spermatozoa with intact acrosome is positively correlated with capacitation

and acrosome reaction leading to successful fertilization. Borgohain (1984) observed that

acrosomal damages of the spermatozoa of Holstein-Friesian and their crosses had significantly

negative correlation with conception rates in cows.

The mean value of acrosome reacted live spermatozoa at pre-freeze stage in present

study was significantly (p<0.05) different in group 3 and 4 than control. In four groups, per

cent increase in mean value of acrosome reacted live spermatozoa at pre-freeze stage from

fresh was 25.5, 24.7, 14.9 and 22.0 in group 1, 2, 3 and 4 respectively.

At post-thaw stage the mean values differed significantly 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

cauda epididymal spermatozoa of buffalo had no significant difference in acrosome integrity at

pre-freeze level however at post-thaw stage, addition of PDC-109 in semen samples of cauda

epididymal buffalo spermatozoa had negative effect on post thaw acrosome integrity, with

value in the control group being significantly (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 µg/ml. At post thaw stage, the level of acrosome reacted spermatozoa

at each time interval of incubation was higher than the corresponding pre-freeze acrosome

reacted spermatozoa of same treatment group. On the other hand, Gillian et al. (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 0 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 changes in sperm plasma

membrane brought about by prolonged action of PDC-109 alters the influx of Ca2+ in bovine

spermatozoa. Both fresh and frozen thawed spermatozoa in Ca2+ supplemented medium

accumulated calcium rapidly but thawed spermatozoa did so faster than fresh spermatozoa

(Bailey et al., 1994). The influx of Ca2+ is a critical step in the process of capacitation, hence

an increased calcium influx is supposed to bring about capacitation and acrosome reaction

more rapidly.

In present study a minimum increase in spermatozoa showing pattern AR at pre-

freeze stage in group 3 might be a result of sequestration of PDC-109 by addition of antibodies

against 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 phospholipids efflux,

reduced damages to sperm plasma membrane, reduced Ca2+ 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

spermatozoa was observed. It was also evident from the study that no added benefit could be

observed in direct collection of ejaculates in EYTG extender (group 2) than routine

cryopreservation procedure which might be due to similar 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 spermatozoa in fresh semen in the group 1 (control)

was 23.35 ± 0.93 µg/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 spermatozoa in Group 3 compared to group 1 (control) was observed. Decrease in

per cent cholesterol content of spermatozoa observed at pre-freeze stage from that of fresh

semen was 13.63, 11.42, 8.4 and 12.35 in groups 1, 2, 3 and 4 respectively, indicating lowest

decrease in group 3.

The mean post-thaw value (Fig. 22) was significantly (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

in group 1, 2, 3 and 4 respectively.

The cholesterol content of spermatozoa varies widely between bulls as well as different

ejaculates of the same bull. Sinha et al. (1996) reported cholesterol content of spermatozoa

varying from 7.87 to 16.75 µg/50 x 106 spermatozoa in crossbred bulls. On the other hand

Therien et al. (1998) reported cholesterol content of 720 ± 41 µg/50 x 108 spermatozoa in

Holstein bull. The previous report also showed wide variation between and within the species.

The cholesterol content of spermatozoa in different species were reported as 1.13 ± 0.12

nmol/107 spermatozoa in human (Zarintash and Cross 1996), 720 ± 41 µg/5 x 109 spermatozoa

in bull (Therien et al., 1998), 143 ± 29.9 µg (free cholesterol)/109 spermatozoa in boar (Cerolini

et al., 2001), 16.2±0.3 µg (free cholesterol) /109 spermatozoa in turkey (Douard et al.,

2000).

Gadella et al. (2001) suggested that spermatozoa with high cholesterol content (e.g.

spermatozoa from man, bull and stallion) are slow to undergo capacitation whereas spermatozoa

with lower cholesterol content (e.g. from boar and ram) seem to capacitate much faster.

The net cholesterol efflux that observed during capacitation was affected by the capacity

of the medium to bind cholesterol e.g. albumin (Davis et al., 1980) and high density lipoproteins

(Ehrenwald 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

plasma membrane. However, in the present study, the PDC-109 was sequestered from seminal

plasma by addition of ‘antibodies against PDC-109’. Therefore sequestration of PDC-109

from seminal plasma led to reduced cholesterol 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 unavailable for cholesterol efflux. As the egg yolk in

extender used in group 4 was replaced by ‘antibodies against PDC-109’, the beneficial effect

of LPC of egg yolk was not available to spermatozoa. Probably addition of ‘antibodies against

PDC-109’ was not in sufficient concentration for desirable sequestration of protein.

Kadirvel (2006) reported mean cholesterol content as 5.38 ± 1.85 µg/50 million

spermatozoa in frozen-thawed semen of buffalo bulls. A significant reduction of cholesterol

content after cryopreservation recorded in the study is in 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 4oC but the phospholipids content of spermatozoa decreased by 30 per cent between 1 h

and 24 h of storage as consequently the cholesterol phospholipids ratio increased from 0.19 to

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. seminal plasma) and /or longer exposure

(as in modulated semen), more cholesterol and phospholipids are removed, which may decrease

spermatozoa resistance to cold shock and freezing (Darin-Bennett and White, 1977). Harshan

(2007) also observed that treatment of spermatozoa with PDC-109 led to an increased

cryoinjury.

In group 3, the excess quantity of PDC-109 in seminal plasma was sequestered by

addition of antibodies against it. Thus lower efflux of cholesterol was the reason behind higher

cholesterol content of spermatozoa in group 3. Similar beneficial effect of addition of ‘antibodies

against PDC-109’ in semen ejaculates of group 4 was less pronounced. Even then the cholesterol

content of spermatozoa in group 4 was comparable to 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 (control), indicating that no clear benefit could be obtained by direct collection of ejaculates

in EYTG extender in comparison to routine processing as for as cholesterol efflux is concerned.

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

allowing classification of spermatozoa in non-capacitated (pattern F), capacitated (pattern B)

and acrosome-reacted (AR) categories, as described originally by Ward and Storey (1984).

Pattern F, B and AR

Fresh semen

The mean values of spermatozoa exhibiting in vitro capacitation and acrosome reaction

in fresh semen as evident by pattern F, B and AR (Fig. 19) in Group 2, Group 3 and Group 4

were comparable to that of group 1 (control).

Pattern F (Non capacitated or acrosome intact spermatozoa)

The mean per cent spermatozoa showing pattern F at pre-freeze stage revealed (Table

7) a significant 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 values 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 value (Fig. 18) for spermatozoa showed a significant (p<0.01)

difference in group 3 than group 1 (control). Pattern F spermatozoa at post-thaw stage exhibited

a decrease of 14.0, 12.67, 15.17 and 1.67 per cent from mean values in pre-freeze semen in

group 1, 2, 3 and 4 respectively.

In the present study a significant (p<0.01) increase in pattern F (non capacitated or

acrosome intact) at pre-freeze stage in 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 epididymal spermatozoa capacitation in boar as compared with
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control. This effect reached a maximum level at 20 µg/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 spermatozoa showing pattern F. At every

hour of incubation, there was a gradual increase in acrosome reacted spermatozoa and

consequent decrease in acrosome intact (pattern F) spermatozoa after addition of protein in a

concentration dependent manner. Chauhan et al. (1997) reported that heparin treatment (10

µg/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 spermatozoa to seminal plasma in 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 seminal

plasma causing cholesterol and phospholipids efflux after prolonged exposure (Harshan, 2007).

It therefore follows that sequestration of PDC-109 by antibodies against it from semen samples

would lead to lowered cholesterol and phospholipids efflux and greater sperm plasma membrane

stability. 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 similar beneficial effect was lower in group 4. This might probably be due to

sequestration of excess harmful PDC-109 was not sufficient by antibodies against it in group 4

where protective effect of LPC from egg yolk was also 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 spermatozoa in the group 4 which has

to be elucidated further.  It was evident from the study that no added benefit could be derived

from direct collection of ejaculates in EYTG extender (group 2) than routine cryopreservation

procedure as the level of sequestration of PDC-109 by LPC present in egg yolk was identical

in both groups.

Pattern B (capacitated)

The mean value of spermatozoa showing pattern B was significantly (p<0.01) different

in group 3 than group 1 (control). Pattern B spermatozoa in pre-freeze semen showed (Table
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8, Fig. 22) a increase of 31.83, 38.0, 15.83 and 36.0  per cent from mean values in fresh

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

The mean value for post-thaw spermatozoa showing pattern B indicated a significant

(p<0.05) difference in group 3 than group 1 (control). The mean value 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

semen in group 1, 2, 3 and 4 respectively. The protective effect of sequestration of PDC-109

from semen samples of group 3 was evident at pre-freeze stage itself whereas detrimental

effect of protein was more evident in other groups at same stage. This was the reason for

resulted difference in mean values in post-thaw stage (Fig. 22).

Changes in CTC staining pattern have been reported for bull spermatozoa by Cormier

et al. (1997). They observed that after either cryopreservation or cooling to 4oC there was a

similar increase in the capacitated B staining pattern. Chauhan et al. (1997) observed that

heparin treatment 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 µg/ml of semen. These findings

suggest that PDC-109 present in seminal plasma might be responsible for capacitation and

acrosome reaction of spermatozoa. Ehrenwald et al. (1988a) had shown that efflux of membrane

cholesterol leads to bovine spermatozoa capacitation. Harshan et al. (2006) reported an

increase in the number of capacitated and acrosome reacted post-thaw spermatozoa in PDC-

109 treated group than the control at varying incubation periods. Similar findings were also

reported by Arangasamy (2003).

In the present investigation, a significant (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 antibodies against it in group 3. Thus

the deleterious effect of protein on cholesterol and phospholipids efflux was avoided and might

be the reason for significant decrease in spermatozoa showing pattern B in this group. It was

also evident from the study that no additional benefit could be derived from direct collection of

ejaculates in EYTG extender (group 2) than routine cryopreservation procedure. This might

be due to similar level of sequestration of PDC-109 in both groups.
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Pattern AR (acrosome reacted)

The mean per cent of pre-freeze acrosome reacted spermatozoa (Fig. 21) were

significantly (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 a increase of 19.16, 13.34, 5.17 and 25.17  per cent from mean values in fresh

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

The results indicated a significant difference (p<0.05) in post-thaw mean values (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 values in pre-freeze semen

in group 1, 2, 3 and 4 respectively.

Gillian et al. (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 0 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 µg/ml. At post thaw stage, the level of acrosome reacted

spermatozoa at each time interval 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 spermatozoa results in an increased

proneness to capacitation and acrosome reaction. The freezing process and changes in sperm

plasma membrane brought about by prolonged action of PDC-109 alters the flux of Ca2+ in

bovine spermatozoa. Both fresh and frozen thawed spermatozoa in Ca2+ supplemented medium

accumulated calcium rapidly but thawed spermatozoa did so faster than fresh spermatozoa

(Bailey and Buhr, 19953). The influx of Ca2+ is a critical step in the process of capacitation,

hence an increased calcium influx is supposed to bring about capacitation more rapidly.

In present study a significant (p<0.01) decrease in spermatozoa showing pattern AR

at pre-freeze stage in group 3 might be a result of sequestration of PDC-109 by addition of

antibodies against it and also by presence of LPC from egg yolk in extender. Sequestration of
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efflux, reduced damages to sperm plasma membrane, reduced Ca2+ 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

spermatozoa was observed. Also, it was evident from the study that no added benefit could

be observed in direct collection of ejaculates in EYTG extender (group 2) than routine

cryopreservation procedure which might be due to similar 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

Zona binding 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 ova from buffaloes (heterologous). Zona binding assay consisted of determination of

binding per cent (BP) and binding index (BI) of post-thaw spermatozoa.

The results indicated a positive and significant difference in BI in group 3 (p<0.01) and

group 4 (p<0.05) compared to group 1 (control). No significant difference in mean values (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 µg/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 spermatozoa in control and treatment

group, respectively). Arangasamy (2003) reported an increase in the number of buffalo cauda

epididymal spermatozoa binding to zona pellucida when treated 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 pellucida involves hydrophobic as well as ionic interactions (Urch and Patel,

1991), the decreased net negative charge that takes place during capacitation may facilitate

the binding of bovine zona pellucida proteins to spermatozoa.

Experiment on boar spermatozoa binding with zona pellucida have shown that PDC-

109 competed effectively with zona pellucida glycoproteins for boar spermatozoa spermadhesin

AWN binding (Dostalova et al., 1995). Since AWN is actively involved in spermatozoa zona

Discussion....
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binding, presence of PDC-109 in the media surrounding the ova could have reduced the

number of spermatozoa bound to ova. Spermadhesin, which has lectin like properties in relation

to the oligosaccharides residues of the zona pellucida glycoproteins, act as glycoprotein receptor

of the zona (Calvete et al., 1996 b). In the present investigation, the PDC-109 was sequestered

from semen samples of group 3 by addition of antibodies against it. Additionally LPC present

in egg yolk also 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 spermadhesin AWN. This might be the reason for

significantly (p<0.01) higher response of spermatozoa of group 3 with respect to BI and non

significant increase in BP as compared to spermatozoa of group 1 (control).The extender used

for group 4 contained ‘antibodies against PDC-109’ in place of egg yolk. Addition of antibodies

alone might have caused incomplete sequestration of PDC-109 which led to higher cholesterol

efflux and damages to sperm membrane. Thus a lower BP and BI, as an indicator of reduced

zona binding ability of spermatozoa, were observed in group 4 than group 1 (control). It is

evident from the study that no added benefit could be derived from direct collection of ejaculates

in EYTG extender than routine cryopreservation procedure which indicates negative effect on

spermatozoa zona binding in these groups.

???

Discussion....



Summary and Conclusions

The present work entitled ‘studies on sequestration of PDC-109 protein on

cryodamage and in vitro fertility of crossbred bull spermatozoa’ was conducted at the

Germ Plasm Centre, Indian Veterinary Research Institute, Izatnagar, Bareilly (UP). The study

was designed to investigate the effect of sequestration of PDC-109 from ejaculates of crossbred

bulls at collection as well as during processing on minimization of its detrimental effect. This

was revealed by differences in various physico-morphological characterstics of spermatozoa

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

For present investigation, PDC-109 was isolated, purified, characterized and antisera

was raised against it in rabbits. The ‘antibodies against PDC-109’ was used for sequestration

of PDC-109 from the ejaculates of treatment groups at collection time. Ejaculates thus collected

were then evaluated for various physico-morphological characterstics and result was compared

with control.

Heparin binding proteins (HBP) and PDC-109 were isolated from seminal plasma

using 100 mM choline chloride on heparin-Sepharose and DEAE-Sephadex columns. The

concentration of HBP proteins and PDC-109 in seminal plasma was found to be 27.9 ± 0.6

and 21.7 ± 0.42 mg/ml constituting 30.9 and 24.1 per cent of the total protein content (90.1 ±

5.6 mg/ml) of seminal plasma respectively. Purified PDC-109 was observed in SDS-PAGE

gels as doublets representing the two glycosylated forms of protein. These BSP proteins were

observed in the HBP fraction of the seminal plasma as revealed in SDS-PAGE. The protein
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bands representing BSP-AI/-A2, BSP-A3 and BSP-30 kDa were observed in the SDS-

PAGE having molecular weight of approximately 14.7, 16.5 and 30 kDa, respectively.

Isolated and purified PDC-109 was used to raise antisera in rabbits. Three out of four

male rabbits responded to antigen by producing antisera as indicated by the presence of clear

bands in immunodiffusion assay. The titre of the antisera was established using a checker

board ELISA and a titre 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 ‘antibodies against PDC-109’ in two pooled eluted fractions was 10.5 ±

0.4 and 15.7 ± 0.3 mg/ml on protein basis. Elutes were dialyzed to concentrate the protein.

For the purpose of investigation four groups formed were group 1: control; group 2:

Direct collection of ejaculates in EYTG; group 3: collection of ejaculates in tubes coated with

‘antibodies against PDC-109’, processed in EYTG later and group 4: Extender containing

antibodies against PDC-109 but no EY.

In the treatment group 3 and 4, 3.14 ml of elute containing a total of 68.14 mg of

‘antibodies against PDC-109’ was transferred, lyophilized and later on used for collection of

ejaculates. Semen samples of all the four groups were processed for cryopreservation. Pre-

freeze and post-thaw evaluation of various physico-morphological characterstics viz. individual

motility, viability, HOS response, acrosomal integrity, cholesterol content of spermatozoa, in

vitro capacitation and acrosome reaction were carried out with the aim of evaluating the effect

of sequestration of PDC-109 on the spermatozoa. In addition to above, heterologous sperm-

zona binding assay was also 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 seminal plasma to the spermatozoa during subsequent

cryopreservation process.

Evaluation of various physico-morphological characteristics revealed that at pre freeze

stage, the mean per cent value was significantly different (p<0.05) for viability and acrosomal

intactness in group 3 and individual motility in group 4 as compared to other groups. At the

same time a significant difference in per cent mean value was observed in post-thaw spermatozoa

Summary and Conclusions....
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for individual 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 due to protective effect of sequestration of PDC-109 by antibodies against

it at pre-freeze and post-thaw stage. However, it appears that presence of ‘antibodies against

PDC-109’ in extender in premeditated ratio of 1:1 with protein was probably inadequate to

cause sufficient sequestration of protein in group 4 leading to lower mean values in these

parameters.

Protective effect of sequestration of PDC-109 from ejaculates was observed by

reduced efflux of spermatozoa cholesterol in group 3. The mean value for cholesterol content

of spermatozoa was significantly different (p<0.05) in group 3 than other groups at pre-freeze

and post-thaw stage. A decrease of cholesterol content 8.4 and 3.35 µg/100 million spermatozoa

was observed at pre-freeze (from fresh) and post-thaw (from pre-freeze) stage in group 3  as

compared to other three groups. Thus lower efflux of cholesterol was the reason behind higher

cholesterol content of spermatozoa at post-thaw stage in group 3 (7.26 ± 0.75, 7.61 ± 0.93,

11.60 ± 0.89, and 6.93 ± 0.93 µg/100 million spermatozoa in group 1, 2, 3 and 4 respectively).

However, similar beneficial effect of sequestration of PDC-109 in group 4 was less pronounced

which might be due to absence of LPC from egg yolk in extender. Probably addition of higher

doses of ‘antibodies against PDC-109’ in this group might have resulted in desirable beneficial

effect.

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, which allows

simultaneous 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 spermatozoa in 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. Similar increase in 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 cent in group 1, control; 2, 3 and 4 respectively) also. At the same time there was a
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decrease in mean per cent AR spermatozoa in pre-freeze (24.33 ± 1.36, 18.67 ± 1.90, 11.00

± 1.74 and 30.33 ± 1.79 in 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, 3 and 4

respectively) in group 3 as compared to other groups. Consequently, a significant decrease in

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 ±

1.9 in group 1, control; 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 results in present

study indicated that sequestration of PDC-109 from semen samples had protective effect on

spermatozoa and even after prolonged exposure of spermatozoa to PDC-109 the protective

beneficial effect continued.

Zona binding assay was carried out to investigate the effect of sequestration of PDC-

109 from the semen samples on the ability of frozen-thawed bull spermatozoa to bind with ova

from buffaloes (heterologous). It was evident from the present work that sequestration of

PDC-109 from semen samples has significant and positive effect by increasing the Binding

index in group 3 than control (79.96 ± 7.6 vs. 47.16 ± 7.5). However, no significant difference

was found in four groups for binding per cent. The results above indicated that sequestration of

PDC-109 from semen samples reduced competence of available free PDC-109 with zona

pellucida glycoprotein resulting in higher value in BI.

Conclusions

From the present study, it is concluded that

• PDC-109, a seminal plasma protein is present in crossbred bull which has adverse

effect on cryopreservation and fertilizing ability of spermatozoa.

• Sequestration of PDC-109 using antibodies against it, minimized the cryodamage as

evidenced by lower cholesterol efflux as well as improvement in post-thaw physico-

morphological characteristics of spermatozoa
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Summary and Conclusions....

• Comparative increase in binding index in PDC-109 sequestered group revealed

improvement in fertilizing ability of spermatozoa

Future research directions

It is reflected from present study that adverse effect of PDC-109 on cryopreservation

can be minimized by adding the antibodies against it in the semen, however further study is

warranted on following points before making any recommendation.

• Study on large sample number to confirm the exact quantity of   antibodies against

PDC-109 for its sequestration as well as a substitute for egg yolk in extender being

used routinely.

• In vivo study using PDC-109 sequestered semen is required to assess the fertilizing

ability of spermatozoa.

???



Mini Abstract

Seminal plasma not only facilitates the transport of spermatozoa in the female reproductive
tract it also 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 major protein fraction of bovine seminal 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 major constituent of BSP proteins. They bind to
sperm membrane choline phospholipids and high density lipoproteins (HDL) at ejaculation 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 sensitive to liquid or frozen state. This
cholesterol and phospholipids efflux causes spermatozoa acrosome damages. It was, thus
postulated that sequestration of majority constituent BSP protein especially PDC-109 could lead
to minimization of its detrimental 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, seminal 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 against it in rabbits. ‘Antibodies
against PDC-109’ was isolated 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 ejaculates in EYTG; group 3:
Collection of ejaculates in test tubes coated with ‘antibodies against PDC-109’, later processed
in EYTG and group 4: Extender containing ‘antibodies against PDC-109’ but no EY. Result
from the study indicated higher per cent mean value for individual motility, 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 also led to reduction in spermatozoa cholesterol efflux, thus showing beneficial
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 samples led 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 value was observed at post-
thaw stage also. At the same time there was a decrease in mean per cent AR spermatozoa in
pre-freeze and post-thaw samples in 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 value in BI. 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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y?kq lkjka'k
oh;Z IykTek u dsoyb eknk tuukxksa esa 'kqØk.kq dk ifjogu c<+krk gS] oju 'kqØk.kq dh

xfr'khyrk o tuu'khyrk Hkh vius dkjdksa ls cuk;s j[krk gSA 'kks/k ifj.kke n'kkZrs gSa] fd oh;Z IykTek
esa mifLFkr dqN izksVhu oh;Z fgehdj.k gsrq gkfudkjd gSA oh;Z IykTek esa mifLFkr eq[; izksVhu cksokbu
oh;Z IykTek izksVhu leqnk; ds gksrs gSa tSls ch,lih&,1@,2 (ihMhlh&109)] ch,lih&,3 ,oa
ch,lih&30 fdyks MkYVuA ihMhlh&109] ch,lih izksVhuksa dk eq[; ?kVd gSA ;s oh;Z&L[kyu ds
le; 'kqØk.kq f>Yyh dksyhu QkLQksfyfiM o mPp ?kuRo ykbiksizksVhuksa ls ;qDr gks ,pMh,y }kjk
djk;s x;s 'kqØk.kq vxzfiMy vfHkfØ;k dks c<+k nsrs gSaA ch-,l-ih- izksVhu dksysLVsjkWy o QkLQksfyfiM
dks lkUæ.k o le; vk/kkfjr rjhds ls okg~; fuxZe dj 'kqØk.kq IykTek f>Yyh esa ifjorZu dj nsrh gS
ftlls rjy vFkok fgehd`r voLFkk esa laosnu'khy gks tkrh gSA dksysLVsjky o QkLQksfyfiM dk ckgj
fudyuk 'kqØk.kq ds ,Økslkse dks {kfrxzLr djrk gSA vr% ;g lkspk x;k] fd ch,lih izksVhu ds eq[;
vo;o ihMhlh&109 dk i`FkDdj.k 'kqØk.kq dks gksus okys gkfudkjd izHkko dks U;wure dj ldrk gSA
orZeku v/;;u ihMhlh&109 ds i`Fkddj.k dk izHkko 'kqØk.kq ds HkkSfrd o vkdkfLdh laca/kh fgeu
iwoZ o i'pkr xq.kksa ij Kkr djus gsrq o rjyhdj.k i'pkr 'kqØk.kq dh fotkrh; v.Mk.kq ls ;qDr gksus
dh {kerk ij izHkko Kkr djus gsrq fd;k x;kA ladj lkM+ksa ls oh;Z laxzrhr dj IykTek ls ,fQfuVh o
vk;u ,aDlpst ØksesVksxzkQh }kjk ihMhlh&109 dk i`FkDdhdj.k fd;k x;kA ,lMh,l ist }kjk
ihMhlh&109 dh 'kq¼rk vkadh xbZ o bldks [kjxks'kksa esa ,UVhlhje rS;kj djus gsrq iz;qDr fd;k x;kA
vk;u ,Dlpsat ØkseksVksxzkQh }kjk ,UVh lhjk ls ihMhlh&109 ds fo:¼ ,UVhckMht izFkDd`r dh xbZ
rFkk oh;Z uewuksa esa izksVhu ds lkFk 1%1 vuqikr esa iz;qDr dh xbZA iz;ksx ds fy, 4 lewg cuk;s x;s1-
fu;=a.k 2- bZokbZVhth esa lh/ks lxzag.k 3- ihMhlh109 fo:¼ ,UVhckWMh ;qDr ij[kuyh esa laxzg.k
rRi'pkr bZokbZVhth mipkj 4- ihMhlh&109 fo:¼ ,UVhckWMh ;qDr fdUrq bZokbZ jfgr ruqdkjdA
ifj.kkeksa ls Kkr gqvk fd ,dy xfr'khyrk] thforrk] ,pvks,l izHkko o ,Økslkse dh v{kq..krk dk
izfr'kr mu mipkj lewgksa esa vf/kd Fkk tgk¡ ihMhlh&109 dk i`FkDdj.k ,UVhckWMh feykdj fd;k
x;k FkkA lewg 3 esa ihMhlh109 i`FkDdj.k dk izHkko 'kqØk.kq ls dksysLVsjky fuxZr djus esa deh ds
:i esa ik;k x;k] tks ykHknk;d gSA pkjksa lewgksa ds 'kqØk.kqvksa esa lhVhlh ¶ywjkslsUV ,Sls }kjk fgeu iwoZ
o rjyhdj.k i'pkr vUr% ikRrs dSisflVs'ku o ,Økslkse fØ;k ekih xbZA ;g ns[kk x;k fd ihMhlh&109
}kjk lewg 3 esa fu;a=.k dks vf/kd l[;k esa v/kfiMad vfHkfØ;k jfgr 'kqØk.kq ik;s x;s (59.67±1.31
vs 28.83±1.21izfr'kr) ,slh gh o`f¼ rjyhdj.k i'pkr Hkh Kkr gqbZA lewg 3 esa fgeu iwoZ o rjyhdj.k
i'pkr ,Økslkse izfrfØ;k ;qDr 'kqØk.kqvksa dk izfr'kr vU; lewgksa dh vis{kk de Kkr gqvkA v/;;u
ds ifj.kke n'kkZrs gSa fd oh;Z uewuksa esa ihMhlh&109 izFkDdj.k dk 'kqØk.kq ij izHkko j{kkRed gS o
fgehdj.k dh fØ;k ds i'pkr Hkh ;g cuk jgrk gSA fotkrh; vUr% ik=s fu"kspu ds ifj.kke n'kkZrs gSa fd
oh;Z ihMhlh&109 i`FkDdj.k dk lewg 3 esa fu;=a.k dh vis{kk ckabfMx bUMsDl c<+kus esa ?kukRed
izHkko jgkA ;|fi pkjksa lewgks esa ckbfM+x izfr'kr ij dksbZ izHkko Kkr ugha gqvkA vr% ;g Li"V gqvk fd
oh;Z uewuksa ls ihMhlh&109 i`FkDdj.k }kjk tksuk iSyqflMk XykbdksizksVhu ls ;qDr gksus dh miyC/k
eqDr ihMhlh&109 dh {kerk ?kVh o mPp isfuVsª'ku bUMsDl nj izkIr gqbZA

v/;;u }kjk Kkr gqvk] fd ihMhlh&109 fgehdj.k fØ;k esa 'kqØk.kq IykTek f>Yyh dk
LFkkf;Ro u"V djus gsrq mRrjnk;h gS o bldk i`FkDdhj.k 'kqØk.kq dks lqj{kk iznku djrk gSA ihMhlh&109
fo:¼ ,UVhckMht oh;Z ruqdkjdksa esa feykdj oh;Z fgeu }kjk mRiUu 'kqØk.kq {kfr;ksa dks U;wure fd;k
tk ldrk gSA
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Annexure

PROTEOMICS
I. Reagents and solutions for Lowry’s method
1. Reagent A:  2% sodium carbonate in 0.1 N Sodium hydroxide (NaOH)
2.         Reagent B:  0.5% Copper sulphate (CuSO4.5H2O) in 1% Potassium sodium   tartrate
3.        Reagent C:  50 ml of Reagent A was mixed with 1 ml of Reagent B (Alkaline copper

solution). Only freshly prepared solutions were used.
4.        Reagent D: Dilute the Folin ciocalteu’s reagent to make it 1N in water (50 percent

reagent + 50 ml Distilled water).
II. Reagents and solutions for SDS-PAGE
i) Separating gel buffer (8x)

(3.022 M Tris-HCl buffer, pH 8.4, containing 0.8% (w/v) SDS and 0.232% (v/v)
TEMED)
Tris                                                                                                   36.6 g
SDS 0.8 g
TEMED 0.232 ml
pH was adjusted with HCl and volume was made up to 100 ml.

ii) Stacking gel buffer (8x)
(1M Tris-HCl, pH 6.8, containing 3.2% (w/v) SDS and 0.232% (v/v) TEMED)
Tris 12.11 g
SDS 3.2 g
TEMED 0.232 ml
pH was adjusted with HCl and volume was made up to 100 ml.

iii) Acrylamide solution (30%)
30g of acrylamide and 0.8 g of bis-acrylamide were dissolved in distilled water by
stirring and volume was made to 100 ml.

iv) Sample buffer (5x)
(0.312 M Tris-HCl buffer, pH 6.8, containing 0.125% (w/v) bromophenol blue 10%
(w/v) SDS and 50% (v/v) glycerol)
1.8 g of Tris was dissolved in 15 ml of water and pH was adjusted with HCl. To this
solution SDS (5 g), bromophenol blue (0.0625 g) and glycerol (25 ml) were added
and volume was made to 50 ml with water.



v) Ammonium pesulphate solution (APS, 20% w/v)
vi) 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 1.515 g
Glycine 7.2 g
SDS 0.50 g
Solution i-iv were filtered through Whatman filter No. 1 and stored at 4oC. Electrode
buffer was freshly prepared.

vii) Separating (Resolving) gel recipe (for 32 ml)
Acrylamide (%) 4 5 10 15 18
Separating gel buffer (ml) 4 4 4 4 4
Acrylamide stock solution (ml) 4.26 5.34 10.68 16.02 19.20
D.water (ml) 23.71 22.66 17.32 11.98 8.80
APS (ml) 0.16 0.16 0.16 0.16 0.16

viii) Stacking gel recipe (3.30% acrylamide, for 8.0 ml)
Stacking gel buffer 1 ml
Acrylamide stock solution 0.88 ml
Water 6.08 ml
APS 0.04 ml

ix) Fixing solution
20% (v/v) isopropanol and 10% (v/v) acetic acid

x) 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 stirring 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.

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

xii) Gel storage solution
7% (v/v) acetic acid

III Reagents for western blotting
i) Transfer buffer

Tris base 18.2 g
Glycine 86.5 g



Methanol 1200 ml
Distilled water up to 6000 ml

ii) PBST
PBST 100 ml
Skim milk powder 5 g

III. Reagents for ELISA
i) Phosphate buffered saline (PBS, pH 7.2)

NaCl 8.0 g
KCl 0.2 g
KH2PO4 0.2 g
NaH2 PO4 1.15 g
H2O 1000 ml

ii) Washing buffer (PBST)
0.05% Tween-20 in PBS

iii) Coating buffer (0.05 M carbonate buffer, pH 9.5)
Sodium carbonate 1.5 g
Sodium bicarbonate 2.93 g
Sodium azide 0.20 g
Distilled water 1000 ml

iv) Blocking solution
BSA 3.0 g
PBST 100 ml

v) Conjugate diluted in PBS (pH 7.4)
vi) Substrate buffer (Citrate buffer, 0.1 M, pH 4.6)
vii) Substrate solution

Ortho-phenylene diamine 25 mg
Citric acid phosphate buffer, pH 5.0 25 ml
Mixed and 25 µl H2O2 added. Protected from light.

viii) Stopping solution (1 M H2SO4)
Conc. H2SO4 5.4 ml
Distilled water 94.6 ml

IV. SEMENOLOGY
 i) Semen diluting fluid

Sodium chloride 1 g
Eosin 0.05 g



Formalin 1 ml
Distilled water 100 ml

ii) Nigrosin-Eosin stain
Eosin-γ 1.67 g
Nigrosin 10 g
Sodium cirate buffer (2.9%) 100 ml

iii) Solutions for giemsa staining
Giemsa stain solution (stock)
Giemsa stain 1 g
Methanol 98 ml
Glycerol 32 ml
Giemsa stain powder was ground with absolute methanol in a glass pestle and mortar.
Glycerol was added and stored at 37oC for 1 week. During this period the stain
mixture was mixed well for few min every day.
Sorenson’s 0.1 M phosphate buffer (pH 7.0)

i) Solution A: 0.1 M Potasium dihydrogen phosphate soution
Potassium dihydrogen phosphate (Anhydrous) 13.609 g
Double glass distilled water 1000 ml

ii) Solution B:  0.1 M Disodium hydrogen orthophosphate solution
Disodium hydrogen phosphate 14.198 g
Double glass distilled water 1000 ml
Sorenson’s 0.1 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 10 g
Sodium bicarbonate 0.5 g
Formulain 125 ml
Distilled water upto 1000 ml

Giemsa working solution
Stock Giemsa solution 3.0 ml
Sorenson’s 0.1 M phosphate buffer 2.0 ml
Double glass distilled water 45.0 ml

iv) Chlortetra cycline (CTC) stain
CTC stain  750 µM 1.54 mg
Cystine 5 mM 3.5 mg
NaCl 130 mM 30 mg



Tris 20 mM 9.72 mg
Double glass distilled water to make up volume to 4 ml

v) Tris dilutor
Tris (Hydroxyl methyl) amino methane 3.028 g
Citric acid 1.675 g
Penicillin G sodium (IU/ml) 500-1000
Streptomycin sulphate (µg/ml) 500-1000
Double glass distilled water 100 ml

vi) Tris-egg yolk glycerol dilutor
Tris (Hydroxyl methyl) amino methane 3.028 g
Citric acid 1.675 g
Fructose 1.25 g
Penicillin G sodium (IU/ml) 500-1000
Streptomycin sulphate (µg/ml) 500-1000
Double glass distilled water 100 ml
Glycerol-7%
Egg yolk-10%

vii) PBS (pH 7.4)
Sodium chloride (150 mM) 9 g
Disodium hydrogen phosphate 5.75 g
Sodium dihydrogen phosphate 1.47 g

            Double distilled water 1000 ml
viii) Normal saline

Sodium chloride 9.0 g
Double distilled water 1000 ml

V. ZONA BINDING ASSAY
i) Oocyte collection medium (OCM), pH 7.3-7.4, 280-290 m Osm/kg

Stock OCM solution
Ingredients Concentration (mM)
NaCl 136.89
KCl 2.68
KH2PO4 1.46
NaH2PO4 8.09
CaCl2PO4 0.90
MgCl2 (Anhydrous) 1.00



D-glucose 5.54
Sodium pyruvate 0.32
Gentamicin (50 µg/ml) 500 µl
Phenol red 10 µg/ml

Working OCM [3mg/ml BSA (Fraction V), 10% EBS]
OCM stock solution 45 ml
Estrous buffalo serum (EBS) 5 ml
BSA (Fraction V) 150 mg

ii) Tissue culture medium-199 (TCM-199)
Stock TCM-199 media: Cat No. M7528 Lot 73K244492, with Earle’s salt and 25
mM HEPES.
0.01 g L-glutamine and 0.1 ml gentamicin were added in 100 ml TCM-199 and
stored at 4oC. This prepared TCM-199 was always used for making different media
in the present study.

iii) Oocyte Maturation Medium (0MM) pH 7.2-7.4, 280 mOsm/kg
TCM-199 5 ml
FBS 500 µl
GFF 250 µl
FSH-P 0.5 µg/ml
BSA Fraction-V 15 mg
LH 10 IU/ml

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

Ingredients Concentration (mM)
NaCl 114
KCl 3.20
NaH2PO4 0.34
C2Cl2 2H2O 2.00
MgCl2 (Anhydrous) 0.50
NaHCO2 25.00
Sodium lactate 1.86 µg/ml
Gentamicin (50 µg/ml) 50.0 µg/ml
Phenol red 10 µg/ml

Heparin stock solution
Heparin 12 mg
Fertilization stock solution 2000 ml



Pyruvate stock solution
Sodium pyruvate 33 mg
Fertilization stock solution 2000 ml

Sperm TALP [10 µg/ml heparin, 0.25 mM Pyruvate, 3 mg/ml BSA (V)]

Fertilization stock solution 25 ml

Heparin stock solution 41.66 µl

Pyruvate stock solution 41.66 µl

BSA (Fraction-V) 75 mg

Fertilization TALP [10 µg/ml heparin, 0.25 mM Pyruvate, 6 mg/ml BSA (V)]

Fertilization stock solution 5 ml

Heparin stock solution 8.34 µl

Pyruvate stock solution 8.34 µL

BSA (Fraction-V) 30 mg

v) Complete Tyrode’s Medium (TALP, Parrish et al., 1988) pH 7.4

NaCl 100 mM 5.844 g

KCl 3.1 mM 0.231 g

NaHCO3 25 mM 2.100 g

NaH2PO4 0.3 mM 0.03597 g

Na Lactate 21.6 mM 1.846 ml

CaCl2 2 mM 0.2208 g

MgCl2 0.4 mM 0.0986 g

HEPES 10 mM 2.383 g

Na Pyruvate 1 mM 0.110 g

Glucose 5 mM 0.900 g

vi) Non Capacitating Medium (NCM) pH 7.4

KCl 2.7 mM 0.201 g

KH2PO4 1.5 mM 0.04 g

Na2HPO4 8.1 mM 1.150 g

NaCl 137 mM 8.00 g

Glucose 5.55 mM 0.999 g

Pyruvate 1 mM 0.11 g

vii) Modified complete Tyrods’s medium (Sp TALP,  pH 7.4)

NaCl 100 mM 5.844 g

KCl 3.1 mM 0.231 g



NaH CO3 25 mm 2.100 g

NaH2PO4 0.3 mM 0.03597 g

Na lactate 21.6 mM 1.846 ml

CaCl2 2 mM 0.2208 g

MgCl2 0.4 mM 0.986 g

HEPES 10 mM 2.383 g

Na Pyruvate 1 mM 0.110 g

BSA 6 mg/ml

VI. CHOLESTEROL ESTIMATION
Reagent 1: Cholesterol reagent
Reagent 2: Working cholesterol standard, 200 mg%
Reagent 3: Precipitating reagent
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