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RIASSUNTO

Il plasma seminale e un fluido biologico complesso ed e conosciuto come
una base nutritiva e protettiva degli spermatozoi. Alcuni componenti del plasma
seminale sono di particolare importanza per il metabolismo spermatico, per la
funzione, sopravvivenza e trasporto di queste cellule all'interno dell'apparato
riproduttore femminile. Si conosce ancora poco come migliorare da un punto di
vista biochimico e biofisico il plasma seminale. Nei camelidi, in particolare,
l'origine non e conosciuta. Quindi, una serie di esperimenti sono stati condotti
per studiare la composizione biochimica del plasma seminale negli arieti e negli
alpaca e la relazione tra le caratteristiche biochimiche e la qualita e congelabilita
spermatica. Nel primo esperimento, come studio di base, si sono usati due
successivi eiaculati raccolti da arieti riproduttori di razza Sarda per osservare
l'influenza del tipo di eiaculato sulla congelabilita degli spermatozoi. Si e
osservato una pitt alta % di motilita spermatica nel post-scongelamento dei
campioni raggruppati di primo e secondo eiaculato. Nel secondo esperimento,
sono stati considerati eiaculati raccolti da arieti di razze venete a numerosita
ridottissima per studiare il profilo biochimico, compreso quello proteico. Gli
eiaculati sono stati suddivisi in 8 gruppi dividendo il campione in base al diverso
trattamento di diluizione e di composizione del medium (TRIS o latte scremato).
Sia i campioni freschi che quelli post-scongelamento sono stati valutati
considerando l'integrita di membrana plasmatica utilizzando la tecnica in
fluorescenza che considera la traslocazione della fosfotidilserina (Test
dell'Annessina V) capace di rilevare il grado di apoptosi cellulare. I risultati di
questo esperimento indicano una variabilita della composizione del plasma
seminale, anche su base individuale, e che l'eterogeneita degli eiaculati (1° vs 2°)
€ meglio mantenuta quando si e usato il TRIS nel medium di diluizione. Inoltre,
e stato osservato una correlazione negativa significativa tra proteine totali, Mg, P
e spermatozoi con assenza di risposta al test di apoptosi. Un'altra interessante
relazione positiva e tra la risposta negativa al test di apoptosi e proteine con peso

molecolare di 75 kDa.



Nel terzo esperimento, seme epididimale, raccolto da soggetti di razze
veneto a numerosita ridotta, e stato trattato con TRIS o latte scremato per
osservare le caratteristiche post-scongelamento degli spermatozoi. I risultati
dimostrano come le qualita spermatiche sono inferiori rispetto agli spermatozoi
di eiaculato. Nel quarto esperimento, si & osservato come la dieta puo influenzare
i componenti del plasma seminale ed in particolare il profilo energetico ela
qualita seminale (volume, concentrazione, motilita) in alpaca. Nel quinto
esperimento seme di alpaca e stato trattato con 4 differenti tipi di medium di
diluizione ed il miglior risultato si e ottenuto utilizzando TRIS con lo 0,8% di
fruttosio. Si sono messe in evidenza numerose interessanti correlazioni tra
viscosita, % di cellule negative al test dell'apoptosi, Mg, P, proteine totali. In
generale si puo affermare che la composizione biochimica e la funzione del
plasma seminale variano con la dieta e l'eiaculato anche per lo stesso soggetto e
tra specie animali. La composizione ¢ un fattore che determina l'utilizzo del
singolo soggetto per la conservazione di materiale genetico & dovrebbe esser
preso in considerazione per migliorare le tecniche di preparazione di medium di
mantenimento o diluizione pre-congelamento per ottimizzare le tecniche di
riproduzione assistita negli animali da reddito, per migliorare i programmi di
conservazione di razze in pericolo e per migliorare la capacita fertilizzante post-

scongelamento.

ABSTRACT

Seminal plasma (SP) is a complex biological fluid and is known to act as a
nutritive-protective medium for spermatozoa suspended in it. Some of SP
components are very important for sperm metabolism, as well as sperm function,
survival and transport in the female reproductive tract. Remarkably little is
known about biophysical and biochemical makeup of SP. Specially in camelids,
the origin, composition and function of SP remain a mystery. Therefore, a series
of experiments was conducted to study the biochemical composition of SP in ram

and alpaca, and their possible relations with fresh semen quality and freezability.
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In the first experiment, as a basic study, we used two successive ejaculates
collected from Sarda rams to observe the effect of ejaculate types (single and
pool) on the freezability of spermatozoa. All samples cryopreserved using TRIS-
citrate-egg yolk extender with 7% glycerol. We observed higher percentage of
motile spermatozoa (P<0.05) with a highest motility score in post-thaw
spermatozoa of pool of first and second ejaculates. In experiment two, ejaculates
collected from Veneto endangered sheep breeds to study biochemical
composition including Protein Profiles (PP) of SP in ejaculates and individual
ram. Ejaculates were cryopreserved dividing into eight treatment groups using
TRIS-based and skim milk-based extenders, and both fresh and post-thaw semen
were evaluated for plasma membrane integrity with double fluorescence staining
and plasma membrane architecture (phosphatidylserine translocation) with
Annexin V assay along with routine semen parameters. Correlation between
seminal parameters of fresh and cryopreserved semen with biochemical
components of SP were statistically examined. Results of this experiment
revealed ejaculate variation, more markedly, individual variation in SP
composition and demonstrated that pooled (first and second) ejaculates could
maintain sperm heterogeneity better when preserved with TRIS-based extender.
Moreover, we observed negative but significant (P<0.01) correlation of total
protein, Mg, P, and positive correlation (P<0.05) of protein bands of 75 kDa with
apoptosis marker free viable sperm. In third experiment, caudal epididymal
sperm collected from Veneto endangered sheep breed, were cryopreserved with
TRIS- based and milk based extender to observe post-thaw sperm characteristics,
and results demonstrated that post-thaw sperm quality of was inferior to that of
ejaculated spermatozoa. In fourth experiment, we observed that diet could affect
some SP components, especially, enzymes and energy profiles, and semen
quality in terms of, semen volume, sperm concentration and sperm motility in
alpaca. In experiment five, alpaca semen was cryopreserved with four types of
extenders and both fresh and post-thaw semen were evaluated for plasma
membrane integrity with double fluorescence staining and plasma membrane

architecture (phosphatidylserine-PS translocation) with Annexin V. Results



showed that TRIS based extender with 0.8% fructose could promote better post-
thaw survivability of alpaca semen. we also demonstrated that there was
correlation between biochemical composition of SP and both fresh and post-thaw
semen quality. We found significant (P<0.01) correlation between semen
viscosity, and percentage of apoptosis free sperm, Mg, P, total protein of SP. To
our knowledge, this is the first report in the presence of apoptosis marker in
alpaca viable sperm. However, our results confirm that biochemical composition
and SP function varies with diet, ejaculate within male and between males and
species. The composition of SP, therefore, is one factor that determines the
suitability of individual male for semen cryopreservation and should also be
taken into account in the preparation of medium during assisted reproductive
techniques (ART) in order to preserve and possibly enhance post-thaw sperm

fertilizing ability.



CHAPTER 1. INTRODUCTION

Semen consists of spermatozoa suspended in the fluid medium, called
seminal plasma (SP). Its composition depends firstly, on the proportion of sperm
and SP, and is further determined by the size, storage capacity, and secretary
output of several different organs which comprise the male reproductive tract
(Mann, 1964). After discover of spermatozoa and its motility association with SP
by Anton van Leeuwenhoek with the aid of a crude microscope in 1677, main
research on male reproduction was mainly fascinated by the structural detail and
function of spermatozoa. Since, two compartments of semen (sperm and SP)
differ in their origin, composition and function, they must be considered
separately. Biochemistry of SP is a relatively modern, but rapidly expanding field
of research, particularly the biological significance of various bio-chemical

constituents of SP.

The widening practice of artificial insemination (AI) with cryopreserved
semen for breeding purposes on a large scale reveals the need for improved
standards of sperm evaluation and provides a powerful stimulus for
morphological as well as bio-chemical investigations on SP. Functional
competence of spermatozoa depend on several factors such as normal
spermatogenesis, proper maturation during epididymal transit and composition
SP. The availability of better quality semen results from the coordinated action of
all parts of the male reproductive tract along with endocrine control (Goeritz et
al, 2003). The consideration of these interrelationship could allow the

understanding of physiological changes of frozen-thawed spermatozoa.



1.1. PHYSIOLOGY OF SPERMATOZOA

Mammalian spermatozoa consist of the head with a nucleus containing the
highly compacted male haploid genome, and the flagellum. In the nucleus,
chromosomes are highly condensed and thus imped e any transcriptional activity
to replace proteins. The spermatozoa acrosome is a modified secretary granule
whose membrane and matrix are spatially segregated into head regions of
distinct molecular composition, structure, and function and it allows the sperm to
interact with and penetrate the oocyte at fertilization. (Kopf and Gerton, 1991;
Eddy and O’Brien, 1993). Flagellum is divided into two components:(i) the
midpiece containing the mitochondria, which are believed to generate energy (by
oxidative phosphorylation) needed for sperm motility (Eddy and O’Brien, 1994),
and (ii) the principal and terminal pieces, which beat propelling the
spermatozoon forward (Turner, 2003). In the midpiece of the flagellum, the
axonemes are surrounded by outer dense fibers (ODF) and mitochondria, while a
fibrous sheath (FS) surrounds the axoneme in the principal piece (Baccetti and

Afzelius, 1976).

Sperm plasma membrane (PM) is a dynamic, stable and metabolically inert
structure, consists of five specific domains involved in different physiological
functions: the acrosome, equatorial segment, basal, midpiece region and tail
(Ladha, 1998). The sperm head plasma membrane is separated from the midpiece
plasma membrane by the posterior ring and this latter domain is separated from
the flagellum plasma membrane by the annular ring. Furthermore, the acrosome-
overlying plasma membrane is separated from the post-acrosomal membrane by
the equatorial segment. In mature sperm its surface membrane is not in contact

with intracellular membranes because vesicle mediated membrane transport is

blocked (Flesch and Gadella,2000).

Sperm membranes are composed of lipids and proteins. Lipids are
preferentially clustered around integral membrane proteins (Hammerstedt et al.
1990). Some of the integral proteins function as pores or channels and others as

receptors for other molecules (Moce et al., 2010). The lipid matrix of the sperm
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PM is a heterogeneous mix of phospholipids, glycolipids, and sterols, which are
distributed asymmetrically between the inner and outer leaflets of the membrane
(Apel-Paz et al, 2003); where the hydrophilic lipid groups oriented to the

external and the hydrophobic fatty acyl chains in the internal membrane.

7 Midpiece

% Principal piece

Figure 1.1: Schematic presentation of spermatozoa(A), cross sectin of midpiece(B) and
Pricipal piece (C). PM- plasma membrane, MS-mitochondrial sheath, ODFs- outer dense
fibers, OMDA- Outer microtubule doublets of the axoneme, DA- Dynein arms, RS-
Radial spokes, CP- central pair of microtubule doublets, LC- longitudinal columns of the
fibrous sheath, TR- Ttransverse ribs.

Phospholipids are the most representative lipid fraction of the sperm cell
membranes and, of these, phosphatidylcholine and phosphatidylethanolamine
are the major components (Mann,1964; Mann and Lutwak-Mann, 1981). Different
regions of the plasma membrane differ in their cholesterol/phospholipid ratio.
The acrosomal membrane of bull spermatozoa has a lower
cholesterol/ phospholipid ratio than the isolated sperm plasma membrane (Parks

et al., 1987). The content of PM cholesterol does not only differ between species,



but also between individual males within a species and between individual

ejaculates of a single male (Gadella et al., 2001).

1.1.1. Epididymal Maturation

Testicular spermatozoa are immotile and they must undergo a post-gonadal
maturation in the epididymes . The maturation event enables the spermatozoa to
exhibit two key functions fundamental to fertilization: 1) the activation of sperm
movement and 2) the initiation of sperm capacitation. Sperm have very little
endoplasmic reticulum or Golgi apparatus with which to maintain membrane
integrity. Therefore, as a “terminal cells” to maintain functional status (motility
and fertilizing ability) sperm rely on absorption of molecules from the
surrounding environment (Amann et al., 1993; Yanagimachi, 1994). During their
transit through the epididymis, spermatozoa are subjected to a continually
changing luminal environment modified by the secretory and endocytic activities
of the cells lining epithelium. Moreover, considerable changes also occur in

specific membrane domains.

Principal changes in the sperm PM during epididymal maturation

(reviewed by Sostaric et al, 2004):

- Alteration of topographical configuration of the sperm plasma

membrane

0 Reduction in size and a change in shape of the apical
segment

0 Changes in the appearance of the acrosomal contents

0 Changes in the density and distribution of membrane
particles

0 Structural remodelling of acrosome by compartmentalization
of protein

- Modification in PM bio-chemical composition



0 Disappearance or redistribution of sperm surface
glycoproteins mediated by glycosidases, phosphatases, proteases,

glycosyltransferase etc.

0 Extensive cross-linking of nuclear protamines by disulphide
bonds.

0 Increase in total surface negative charge.

0 Relocation of surface antigens, and addition, elimination or

modification of surface proteins related with acrosome reaction
(AR).

0 Incorporation with receptors for zona Pellucida(ZP).

0 Adsorption and/or integration of several glycoproteins and
peptides in the plasma.

0 Acquisition of antiagglutinous proteins and proteins related
with sperm motility.

0 Selective and progressive loss of phospholipids and an
elevated proportion of cholesterol [phosphatidylcholine (PC) by
37%, phosphatidylethanolamine (PE) by 45%, phosphatidylinositol
(PI) by 79%, phosphatidylserine (PS) by 78%, cardiolipin (C) by
35%, sphingomyelin (Sph) by 17%, ethanolamine plasmalogen (EP)
by 61%, and choline plasmalogen (CP) by 9%. ]

Sperm are stored in a quiescent state in the cauda epididymes before
ejaculation. This gamete reserve permits ejaculation of larger numbers of sperm
than the daily testicular production (Copper, 1999). The number of sperm stored
varies according to the reproductive pattern, social and mating behavior of a
given species (Amann, 1981). Epididymal epithelium maintains the internal
environment of lumen through different functions such as, reduction of luminal
sodium ion concentration, secretion of viscous mucoprotein that restrict sperm
movement, steady production of acids keeping intracellular sperm pH low,
protection of sperm membranes by the secretion of decapacitation factor
(Copper, 1999). Moreover, epididymal epithelium also involves in prevention of

oxidative stress and protection of sperm from the immune system (Hinton et al.,
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1995). A series of enzymes produced by the epididymal epithelium, such as
glutathiones- transferase, superoxide dismutase, glutathione peroxidase and
catalase are important for the elimination of reactive oxygen species and for the

removal of toxicants (Cooper, 1999; Hinton et al., 1995).

1.1.2. Sperm activation

In spite of having potentiality to be motile, spermatozoa stay in a dormant
state in the cauda epididymides and are activated only after or during
ejaculation. Spermatozoa display two types of physiological motility: i) activated
motility, observed in freshly ejaculated sperm. This kind of motility is essential
for transport through the female reproductive tract to the oviduct, whereas, ii)
hyperactivated motility, is seen mostly in capacitated sperm essential for sperm
detachment from the oviductal epithelium and to reach the site of fertilization,
and to penetrate the cumulus and ZP of the oocyte (Katz and Yanagimachi, 1980;
Ho and Suarez, 2001). Flagellum of an activated sperm generates a symmetrical,
lower amplitude waveform that drives the sperm in a relatively straight line. In
contrast, in hyperactivated sperm, the flagellar beat becomes asymmetrical and
higher amplitude, which results in circular or figure-eight trajectories
(Yanagimachi, 1994; Ishijima et al, 2002). A variety of mechanisms have been
proposed to explain the activation of mammalian sperm motility at ejaculation

(Jones and Murdoch, 1996).
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Figure 1.2. A model for sperm motility activation (modified from Aitken, 2000; Inaba,
2003). Three primary stimuli such as exposure to glycolysable sugars, oxygen, and
bicarbonate are thought to be responsible for sperm activation. Along with these, several
kinds of ionic channels and receptors and enzymes for cyclic nucleotide synthesis have
been identified as molecules involved in motility activation. HCO;- -bicarbonate, PDEs-
phosphodiesterases sAC -Soluble adenylyl cyclase, PKA- cAMPdependent protein
kinase, PTK-protein tyrosine kinase, PLC-phospholipase.

Ejaculated spermatozoa differ from epididymal spermatozoa in pH (
Hammerstedt et al, 1979), respiration (Lardy and Ghosh, 1952), adenosine
triphosphate synthesis and consumption (Cascieri et al, 1976), heparin-binding
sites (Nass et al, 1990), and the profile of proteins bound to the PM ( Dostalova et
al, 1994; Calvete et al, 1996). Ejaculated spermatozoa, while motile, are unable to
fertilize and they must undergo complex sequences of capacitation, egg
recognition, acrosome reaction, and sperm-oocyte fusion. Since mature
spermatozoa are transcriptionally inactive and unable to synthesize new
proteins, they rely on protein phosphorylation as a means of altering their
functions. All these precisely timed events are regulated by the activation of

different intracellular signaling pathways, which often depend on the assembly
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of multiprotein signaling complexes (Heydecke et al., 2006). ATP produced by
glycolysis or oxidative respiration is absolutely required for phosphorylation

itself and cAMP synthesis (Urner and Sakkas, 2003).

1.1.3. Capacitation

Capacitation of spermatozoa is a complex process occurring after sperm
ejaculation and is required to produce fertilization of the oocyte in vivo and in
vitro. Visconti et al (2009) have described the possible phenomenon and

multfactorial evants involved in capacitation process.
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Figure 1.3. Molecular basis of fast and slow events associated with sperm capacitation. (Fast Events) As soon as sperm are in contact with an
isotonic solution containing HCO? and Ca?, a vigorous flagellar movement is observed. At the molecular level, this process depends on the
increase in PKA activity and is mediated by a HCO3- and Ca?, coordinated stimulation of the atypical adenylyl cyclase (SACY). At these
instances, it is believed that HCO?3 and Ca?, are transported by a Na*/ HCO? cotransporter (NBC) and a sperm-specific Cay, channel
(CatSper). (Slow Events) After an extended period of incubation in vivo or in vitro, sperm acquire the ability to fertilize. The fertilization
capacity is preceded by the preparation to undergo the exocytotic acrosome reaction and by changes in the motility pattern known as
hyperactivation. At the molecular level, these changes are correlated with an increase in tyrosine phosphorylation. This increase is downstream
of PKA stimulation; however, opposite to the fast processes, the increase in tyrosine phosphorylation also depends on the presence of
cholesterol acceptors in the capacitation medium (Vasconti, 2009).



The reaction occurs during capacitation, are confined mainly at molecular
level and cannot be detected at the structural level. The mechanisms of sperm
capacitation are associated with PM and intracellular ionic modifications
(Yanagimachi, 1994; de Lamirande et al., 1997; Visconti et al., 1998). Major

biochemical changes involve :

- removal or inactivation of decapacitation factors on the sperm
surface;

- changes in localization of molecular structure, and lateral mobility
of integral proteins;

- adsorption onto the sperm of proteins from the female tract;

- alterations in membrane lipid composition, in particular in the
cholesterol/ phospholipid ratio (Cross, 1998);

- ionic deregulation manifested as increases in internal Ca2+Na+,
and pH (Frase, 1995); generation of reactive oxygen species (de Lamirande
et al., 1997);

- an increase in CAMP and protein tyrosine phosphorylation

(Visconti et al., 1998).

Like a long term process, this process starts when sperm leave the
epididymis, should not be completed until ovulation occurs. Heparin-like
Glycosaminoglycans (GAGs) and High density lipoprotreins (HDL), components
of the oviductal and follicular fluid are considered to induce and enhance sperm
capacitation (Ehrewald et al., 1990; Therien et al., 1997). Because of the long
residency of spermatozoa in the isthmus prior to ovulation, the oviduct is
considered the principal site for completion of sperm capacitation (Iborra et al.,
2000). Harrison (1996) described capacitation as a “window of destabilization”,
as this process does not produce stable ‘activated” population, but make
spermatozoa susceptible to membrane degeneration and lead to death gradually.
The timing for completion of the capacitation process is dependent on the sperm
intrinsic ‘readiness’ or level of maturity at the time of ejaculation, and capacitated

sperm has a limited life span (Medeiro, et al., 2002).
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1.1.4. Acrosome reaction (AR)

The acrosome reaction (AR) is an exocytotic process that spermatozoa
undergo for acquisition of fusogenicity by the equatorial segment of the plasma
membrane; required to bind and to fuse with the oolemma (Yanagimachi, 1994).
Multiple fusions between the outer acrosomal membrane and overlaying plasma
membrane leading to the release of acrosomal enzymes and exposure of the
molecules present on the inner acrosomal membrane surface that mediate fusion
with oolema (Margalit et al., 1997; Baldi et al., 2000). AR is a well-defined
structural and biochemical event, when acrosin, a serine protease, is liberated
and play a major role in the attachment to, and penetration of the ZP by
spermatozoa (Margalit et al., 1997, Honda et al., 2002). Periacrosomal plasma
membrane domain of the spermatozoon contain specific receptors for zona
pellucida (Wassarman, 1995) and the binding of these receptors to the egg ligand
activates both G protein and tyrosine kinase signaling pathways (Ward and Kopf,
1993) leading to some sequential changes, such as influx of calcium, an elevation
of intracellular pH, fusion occurs between the periacrosomal plasma membrane
and the outer acrosomal membrane, dispersion of acrosomal contents and finally,
release of enzymes (acrosine and hyaluronidase)to facilitate sperm penetration
through oocyte investment (Kopf and Gerton, 1991; Meizel, 1984). Cross (1998)
proposed that a decrease in the cholesterol content of sperm plasma membrane
during capacitation leads to increased membrane fluidity with subsequent
increase in membrane permeability and fusion capacity, so that spermatozoa can
undergo AR. A number of soluble N-ethylmaleimide-sensitive factor-attachment
protein receptor (SNARE) proteins located on the apical side of the sperm
acrosome region may couple calcium entry to exocytosis (Evans and
Florman,2002). Following penetration of the ZP, sperm adhere to and fuse with
PM of the egg mediated by adhesion proteins (Evans and Florman, 2002; Henkel
et al, 2005b). Egg activation occurs after fertilisation and the process of embryonic

development is initiated.
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Figure 1.4. Schematic presentation of Acrosome reaction in mammalian spermatozoa.
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1.2. BIOCHEMICAL COMPOSITION AND
FUNCTION OF SEMINAL PLASMA

Seminal plasma (SP) is a complex fluid portion of semen in which
spermatozoa are suspended at the time of ejaculation. SP contributes to the
majority of semen volume (Moura et al., 2007), and its biochemical components
are secreted from rete testis, epididymis and accessory sex glands (AGs) of the
male reproductive tract (Mann and Lutwak-Mann, 1981). Its pH varies with
species, slightly acidic in bulls and rams, and slightly alkaline in camelids. SP
mediates the chemical function of the ejaculate. Previously, it was believed that
all AGs could be anatomically and functionally “homogenous” due to their
similar embryological origin or related morphological structures. Discovery and
identification of several substances in AGs secretion, such as, citric acid, prostatic
phosphatase, fructose and phosphorylcholine (Mann, 1964) opened the way to
think and study different chemical secretory activities of these glands, and their
possible roles for spermatozoa. Conventional role for SP is survival medium that
facilitates transport of spermatozoa. This view has been contradicted by the
advent of reproductive technologies, where it is possible to fertilize ova with
washed spermatozoa and produce viable embryos resulting in live offspring
without exposure of the female reproductive tract to SP. On the other hand, it has
also been observed that the use of preserved semen for artificial insemination
(Al) in livestock species, which often involves extensive dilution or removal of
SP, results in lower fertility rates than those of natural mating (Tummaruk et al.,
2000). This evidence suggests that SP components participate in key events
related to sperm function, fertilization and embryo development in the female
reproductive tract. However, the knowledge on effects of SP components on
spermatozoa and fertility is scattered, and somehow conflicting in ruminant and
camelid. However, the identification of active factors in SP and mechanisms by
which they act, are not sufficiently understood in different species. Specially in
camelids, the origin, composition and function of the viscous component of SP

remain a mystery and only some biochemical morphological characteristics of SP
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have been described (El-Manna et al., 1986; Garnica et al., 1993, Mosaferi et al.,
2005).

SP is made up of ions: Na*, K+, Zn* Ca**, Mg**, Cl- ; energy substrates:
fructose, sorbitol, glycerylphosphocholine; organic compounds: citric acid, amino
acids, peptides, low- and high molecular weight proteins, lipid, hormones,
cytokines etc. Nitrogenous components such as ammonia, urea, uric acid and
creatinine, and reducing substances such as ascorbic acids, hypotaurine also exist
in SP of ruminants. The composition of SP is determined by the size, storage
capacity and secretory output of different organs of the male reproductive tract.
AGs known as seminal vesicle, prostate and bulbourethral gland, contribute most

of the volume of the ejaculate.

Figure 1.5. Schematic presentation of male reproductive systems of bull, goat, and camel.
The drawing illustrates sources and flow of SP (red color). A- Ampullary glands B-
Bulbo-urethral gland, E-Head of epididymes, Eb-Body of epididymes, Et-Tail of
epididymes, P- Prostate, Rt-Rete testes, S-Seminal vesicle, U-Urethra, V-Vas deference
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Seminal vesicle’s secretion constitutes major portion of SP (in most of the
ruminants except camelids where it is absent) at ejaculation and influences
metabolism, motility and surface properties of spermatozoa (Metafora et al.,
1989). The protein and biochemical composition of SP varies with breed, animal
and ejaculate, due to numerous sources of intra- and inter-animal variation
including climate, plane of nutrition, sexual maturity, health status, frequency of

collection and ejaculate number (Evans and Maxwell, 1987).

A summary of the most important constituents of SP of ruminants and

camelids is given in Figure 1.6.

Differences in concentrations of some elements in SP may be due to
variations in exposure from feeding, management and different detection
methods. Apart from this variability, there are also changes brought about in SP
composition following ejaculation through the action of enzymes present in SP

and metabolic activity of spermatozoa suspended in SP.

Along with chemical composition, roles of SP on mature spermatozoa have
been widely studied with contrasting results. Functions of the component of SP
are not fully understood or appreciated. Researches in several species highlight
varying roles for SP including: (i). Activation and augmentation of the motility of
spermatozoa (ii). Serves as buffer, optimal osmotic and nutrient medium (iii).
Prevention of premature activation during physiological transport of
spermatozoa and stabilization of the plasma membrane with capacitation
inhibitors (Desnoyers and Manjunath, 1992; Villemure et al., 2003) (iv). protection
of spermatozoa from being phagocytosed and destroyed in an inflammatory
environment (Troedsson et al.,, 2000; Alghamdi et al., 2004) (v). Regulation of
sperm transport and elimination (Troedsson et al., 2005) (vi). hastens ovulation
(Marion, 1950) and induces ovulation in pig and camelids (O’Leary et al., 2004;
Ratto et al., 2005 ) (viii). helps in sperm-ovum interaction (Gongalves et al., 2006;
Souza et al., 2008) (ix). activates the expression of embryotrophic cytokines and
helps in the preparation of the maternal tract for the developing embryo,

particularly by facilitating immune changes required to accommodate pregnancy
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(Robertson, 2005) and finally, (x) influences fertility (Rozeboom et al., 2000).
Conversely, detrimental effects of SP on motility and viability of spermatozoa
after freezing-thawing have also been reported (Schmehl et al., 1986; Garcia and
Graham, 1987). In this section, potential components of SP and their specific

functions are briefly discussed.
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Table 1.1. Composition of SP in ruminants and camelids (Values are mg/dl unless otherwise stated).

Content Bull Ram Goat Buffalo Old world New world camelids
camelids
Fructose 150-900 150-600 875 368-815 23.5 3-7
Glucose 300 0.9-1.6 4.8-8.8 13-52 29-42 4-8
Citric acid 340-1150 110-260 - 440-444 9.8 3.1-6.0
Total proteins(g/dl) 3.8 2.30-2.50 0.77-1.48 - 1.6-2.6 3-4
Total lipids 29 254-396 - 150-175 87 51-115
Phospholipids 149.1 - 57 6.9-59.4 26-48 27-31
Cholesterol 312.16 - - 117.83 15.3-25.9 0-8
Glutamic acid 1.0-8.0 4.5-5.2 - 4.28 - -
Na 140-280 120-258 60-183 260-278 - -
K 80-210 50-140 76-255 192-205 - -
Ca 35-60 6-15 5-15 30 7.7-8.8 13-31
P 9 4.8-12.0 - 8-9 1.7-4.6 7-17
Cl 110-290 86 82-215 303-347 84-120 263-491
Mg 7-12 2-13 1-4 43-5.7 - 2.1-4.85
Zn 2.6-3.7 56-179 - 0.80-1.17 - -
Testosterone ( pg/ml) 210-1310 25-375 - 970 - -
QOestrogen ( pg/ml) 20-166 - - 43.67 - -
Prostaglandins (ng/ml) 5-10 500-20,000 - - - -
ALP 246BU/dl 14895-40818 mU /ml - 315BU/dl - 50-3143 Ul/1
AST 345-623 SFU/ml 190-256 mU/ml - 166 units/ml - -
ALT 15.0-18.3SFU/ml 39-148mU/ml - 34units/ ml - 0-115 UI/1
LDH 1909 units/ml 968-1697 mU /ml - 1621 BBU/ml - -
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Figure 1.6. A mode of SP structures and functions. The model focuses the main content of SP and their functions on spermatozoa and the

female genital tract.
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1.2.1. Proteins

SP contains several proteins, many of which are secretory products of
epididymes and seminal vesicles (Chandonnet et al., 1990). There has been
intense research on the identification and functions of SP proteins in different
animals. A comprehensive review on biochemical characteristics and functions of
SP proteins has recently been published by Muifio-Blanco et al. (2008), where the
authors have discussed elaborately the protective capability of some low
molecular SP proteins against cold shock of spermatozoa and antioxidant
properties. The protein component of SP varies among species and has important
effects on sperm function (Thomas et al., 2003). The addition and removal of a
variety of SP proteins during epididymal maturation and at ejaculation play an
important role in the maintenance of plasma membrane stability (Desnoyers and
Manjunath,1992), motility (Henricks et al., 1998; Sanchez-Luengo et al., 2004),
capacitation (Therien et al., 1998), sperm-egg interaction and fertilization
(Yanagimachi, 1994). SP proteins also promote phagocytosis and binding of dead
spermatozoa, and polymorphonuclear cells via protease activity (Dacheux et al.,
2003). Mammalian spermatozoa acquire their motility and ability to recognize
and fertilize oocytes by sequential interactions with proteins present in the
epididymal fluid. Major epididymal proteins include lactoferrin, clusterin,
Procathepsin D, cholesterol transfer protein etc. It has been suggested that
various epididymal proteins fulfill different roles, some by directly modifying the
sperm membrane surface or composition and others by contributing to the

preservation of sperm integrity (Dacheux et al., 2003).

In bull SP, a group of heparin-binding proteins (HBPs) called bovine
seminal plasma proteins (BSPs), are present, which are secreted by seminal
vesicles. Four proteins are identified as members of BSP family referred as BSP-
A1, BSP-A2, BSP-A3 and BSP-30-kDa. They represent 70-86% of the total protein
content of bovine SP (Manjunath and Sairam, 1987; Moura et al., 2007). BSP-A1
and BSP-A2 share the same primary structure and are called together PDC-109
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(Esch et al., 1983). At ejaculation, spermatozoa mix with BSPs and these proteins
remove some (5-8%) cholesterol (first cholesterol efflux) from the plasma
membrane and bind to choline phospholipids preventing free movement of
phospholipids, thus stabilizing the plasma membrane (Villemure et al., 2003).
Binding sites of BSPs appear to be lipids present on the plasma membrane of
spermatozoa. BSP-A1, BSP-A2, and BSP-A3 bind specifically to phospholipids,
which contain the phosphorylcholine (PC) groups, whereas BSP-30Kd displays a
much broader binding specificity by preferentially binding to choline
phospholipids but also interacting with phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol, phosphatidic acid and cardiolipin
(Desnoyers and Manjunath 1992). BSPs bind to the sperm surface at acrosome,
postacrosome and midpiece region after ejaculation, which are important for
initiating motility (Scheit et al., 1988; Manjunath et al., 1994). PDC-109 is known
to increase sperm motility and the pumping efficiency of plasma membrane Ca
2*-ATPase in an irreversible, cooperative manner (Sanchez-Luengo et al., 2004).
When spermatozoa reach oviduct after deposition in the female reproductive
tract, they bind to the oviductal epithelium to form a reservoir to prolong their
motile life span. BSPs mediate sperm binding to the oviduct epithelium and
maintain sperm motility in that region of the female reproductive tract (Ignotz et
al., 2001; Gwathmey et al., 2006). BSPs mainly promote capacitation of bovine
spermatozoa by inducing phospholipid and cholesterol efflux from the plasma
membrane (Thérien et al, 1998; Manjunath and Thérien, 2002). When
spermatozoa reach the oviduct, sperm-bound BSPs interact with high density
lipoproteins (HDL) present in the oviduct and/or follicular fluids resulting in
removal of cholesterol (second cholesterol efflux) as well as removal of BSP
proteins from the plasma membrane (Thérien et al, 2001). This reaction
destabilizes the plasma membrane and induces some intracellular signal
transduction pathways, among which a rise in the plasma membrane
permeability to Ca2+ and in its intracellular pH. Sperm-bound BSPs may be
inserted into the plasma membrane to establish the communication with

calmodulin, which is bound to the inner surface of the plasma membrane and
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thus participates in the regulation of events involving Ca2+ transport during
capacitation and acrosome reaction (Manjunath et al, 1993). Yu et al. (2003) have
proposed that PDC-109 also prevents premature acrosome reaction of
spermatozoa in the female reproductive tract by inhibiting protein kinase C
activity. All these functions are important in maintaining spermatozoa in an
appropriate state to facilitate fertilization in the female reproductive tract.
Indeed, the stimulation of BSPs for capacitation is dependent on exposure time
and presence of heparin or high density lipoprotein or glycosaminoglycan (GAG)
present in the oviductal fluid (Manjunath and Therien, 2002).

SP proteins of other ruminants, like rams (RSP-14 kDa, RSP-16 kDa, RSP-20
kDa and RSP-24 kDa) (Jobim et al., 2005; Bergeron et al., 2005) and goats (GSP-14
kDa, GSP-15 kDa, GSP-20kDa and GSP-22kDa) (Villemure et al., 2003) also share
heparin and phosphorylcholine-binding properties similar to BSPs. Very
recently, Harshan et al. (2009) have confirmed the presence of PDC-109 in buffalo
SP. In goat, GSP-20 and GSP-22 show a strong heparin affinity, whereas GSP-14
and GSP-15 interact weakly (Villemure et al., 2003). RSP-20 and RSP-24, both
appear to have higher affinity for heparin compared to RSP-14 and RSP-16
(Bergeron et al., 2005). In small ruminants, specific functions of these proteins are
yet to be determined. It seems that they could be involved in sperm capacitation
and gamete interaction, stabilizing the sperm membrane in a first step as
decapacitating factors and latter participating in the membrane modification
during capacitation, as previously suggested for BSPs. Barrios et al. (2005) have
postulated a role of RSP-14 in stabilizing membrane phospholipid and
cytoskeleton. Furthermore, RSP-14 and RSP-20 have protective effects to recover
membrane integrity of cold-shocked spermatozoa (Perez-Pe et al., 2001b).
However, more studies are still required to understand clearly the function(s) of
these proteins in the sequence of complex processes of capacitation, acrosome

reaction and fertilization.

Another protein family known as spermadhesines, has been identified in SP

of bulls (Einspanier et al., 1994), rams (Bergeron et al., 2005) and bucks (Melo et
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al., 2008). These proteines show a molecular mass of 12- kDa to 16-kDa and was
initially designated as aSFP (acidic seminal fluid protein) (Teixeira et al., 2002).
These proteins are associated with the sperm surface and are secreted from
seminal vesicles (Teixeira et al.,, 2006). They are multifunctional proteins
exhibiting ligand-binding affinities to several oligosaccharides, sulfated
polysaccharides, serine protease inhibitor, glycosaminoglycans and
phospholipids (Topfer-Petersen et al., 1998). This kind of binding property may
hypothesize aSFPs involvement in sperm capacitation and sperm-egg
interactions, which yet to be investigated in ruminants. Besides these, aSFPs
restrict lipid peroxidation and regulate mitochondrial activity. They exert an
energy-preserving effect by restricting motility and their abilities for the
reversible suppression of motility and metabolic activity as well as the protective
action against lipid peroxidation may serve to maintain the viability of
spermatozoa (Schoneck et al., 1996). It has been proposed that aSFPs do not bind
extensively to spermatozoa and is diluted out easily in the female reproductive
tract, allowing for rapid restoration of motility of spermatozoa (Dostalova et al.,
1994). Calsemin, another heat-stable, low molecular weight acidic protein fraction
has been identified in ram SP (Bradley and Forrester, 1982). This protein fraction
acts as a Caz -dependent regulator of two enzymes: Caz-dependent Mg>-ATPase
and 3":5-cyclic nucleotide phosphodiesterase. Very little is known about this
protein fraction. It was proposed that calsemin could act like as calmodulin and
Ca2-dependent stimulation of flagellar beat activity might occur in the presence
of calsemin (Bradley and Forrester, 1982). A calmodulin-like protein (CLP) had
also been identified and partially characterized in buffalo SP, where its
concentration is relatively high and it might be responsible for some of the
physiological changes involved in capacitation and acrosome reaction (Sidhu and

Guraya, 1989).

A cell adhesion molecule known as osteopontin (OPN) of 55 kDa is present
in SP of bull, derived from ampulla and seminal vesicle (Cancel et al., 1997). OPN
is believed to bind to spermatozoa at ejaculation and is assumed to remain bound

until sperm reach the site of fertilization (Souza et al., 2008). It participates in
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sperm-oocyte interaction affecting fertilization and early embryonic

development (Gongalves et al., 2006; Souza et al., 2008).

A peptide of 47-residues known as Seminalplasmin (SPNL), isolated from
bovine SP (Reddy and Bhargava, 1979), had been shown to be a transcription-
inhibitory protein (Scheit et al, 1985). The biosynthesis of SPNL occurs in seminal
vesicles of bull (Wempe et al., 1990). SPLN, also known as caltrin, acts as a
calcium transport regulator on bull spermatozoa (Sitaram et al., 1997) and
increases the fluidity of the plasma membrane and acrosomal membrane (Shivaji
et al, 1989). Although SPLN inhibits spontaneous acrosomal exocytosis by
inhibiting the Na/Ca; antiporter pathway, it has been proposed that its presence
on the plasma membrane is essential for bringing about the physiologically

relevant zona pellucida agonist-induced acrosomal reaction in bull spermatozoa

(Clark et al., 1993).

In camelids, research for identification and quantification of protein has
mainly been concentrated on a specific protein fraction of high molecular weight,
which has GnRH like activities (Paolicchi et al., 1999; Pan et al., 2001), termed as
ovulation inducing factor (OIF). The property and nature of OIF Will be dicussed
in later section. In our preliminary study, we have observed low molecular
protein fractions (like 10 kDa or more) that have good relationship with
freezability of alpaca semen. Research works for identification of these proteins

fraction are in progress.

It is worthy to point out that the quantity and quality of SP proteins vary
with individual animal and some environmental factors like, season of collection,
temperature, nutrition and stress (Perez-Pe et al., 2001a). Cardozo et al. (2006)
observed (by SDS-PAGE) that several protein bands (molecular weight 20-70
kDa) were absent in SP of certain rams during the non-breeding season. Also in
buck, HBPs present a different pattern during breeding and non breeding
seasons (La Falci et al.,, 2002). Though some SP proteins are present in both
breeding and non-breeding season, higher concentration is observed in the

breeding season (Smith et al., 1999). These seasonal changes in Protein Profiles
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could be due to seasonal variation in gonadotrophin levels and their receptors in
the testes (Xu et al., 1991) that affect endocrine gonadal function and secretions of
epididymes and seminal vesicles. Seasonal variation may occur due to
differential protective effect of SP, which may be related with antioxidant

enzyme activity (Marti et al., 2007).

1.2.2. Amino acids and Enzymes

There is a broad range of amino acids in SP and most of these amino acids
are originated in the testes or epididymides. Their concentrations increase after
ejaculation due to extensive proteolytic activity that take place in semen. Amino
acids serve as a readily oxidizable substrate for energy yielding reactions in
semen (Neumark and Schindler, 1967). The amino acid found in greatest
concentration in SP is glutamic acid, which is accompanied by a high level of
glutamic oxaloacetic transaminase (GOT) activity (Flipse, 1960). L-Arginine, (a
non-essential amino acid) also plays an important role in sperm metabolism and
motility. It acts as a source of energy for normal sperm motility in the form of
arginine phosphoric acid (Patel et al., 1998). The addition of amino acids has been
reported to overcome to some extent the deleterious effects of excessive dilution

on semen.

Several enzymes of SP such as,Glutamic oxaloacetic transaminase (GOT)/
Aspartate amino transferase (AST)/(AAT), Glutamic piruvate transaminase
(GPT)/ Alanine aminotransferase (ALT), Alkaline phosphatase (ALP) and
Lactate dehydrogenase (LDH) are essential for metabolic processes which
provide energy for viability, motility and fertility of spermatozoa. These enzymes
are used as good indicators of semen quality as they measure the plasma
membrane stability of spermatozoa (Corteel, 1980). A positive correlation
between membrane damage and AST, ALT and LDH release was reported
(Borque and Ayllén, 1996; Sirat et al., 1996). Transaminases are located primarily
in the midpiece of spermatozoa (Mann and Lutwak-Mann, 1981). The

measurement of these enzymes from SP is considered to be a sensitive indicator
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of the plasma membrane damage (Sirat et al., 1996), and altered membrane
functions which may occur due to inadequate epididymal maturation associated
with increased semen collection frequency. LDH is localized in cytosol and
mitochondria of spermatozoa (Burgos et al., 1995) and is loosely bound to the cell
wall that facilitates its easy release into SP (Rao et al., 1984). In ruminants, the
specific action of this enzyme has not been reported. Research in boar SP
revealed that LDH could be responsible for driving glycolysis when O is limited,
by carrying NADH-mediated reduction of pyruvate to lactate (Jones, 1997) and
reduced LDH activity in SP might result from reduced systhesis of LDH in
testicular tissue indicating disturbed sperm function in the testicular parenchyma
and changed sperm metabolism. Another important enzyme ALP in SP is
derived primarily from the secretion of AGs. ALP activity is observed on sperm
head, midpiece and tail fragments. Sperm motility is a complex phenomenon
which, involves a variety of biochemical functions such as phosphorylation of
proteins by cyclic- AMP dependent protein kinase. ALP is known to regulate this
step by dephosphorylation (Tang and Hoskins, 1975). Differences in composition,
biophysical characteristics and function of extra and intra cellular membranes of
spermatozoa may be important factors for releasing these enzymes in seminal
fluids of different animals. Moreover, the presence of enzymes activities follows

reproductive seasonality (Glindogun, 2006).

An ubiquitous enzyme known as Phospholipases Az (PLA2), capable of
hydrolyzing the sn-2-position of phospholipids, has been detected in
spermatozoa and SP of several species (Upreti et al., 1999). It is believed that this
enzyme plays a major role in the late maturational events of spermatozoa,
particularly in the acrosomal reaction and in sperm-egg fusion (Yuan et al., 2003).
In bucks, egg yolk coagulating enzyme (EYCE) or Bulbo-urethral secretion III
(SBUIII) presents phospholipase activity. This enzyme is claimed to hydrolyze
phospholipids from egg-yolk (present in diluents used for preservation) into
unsaturated fatty acids and lysophospholipids, which cause coagulation and
toxicity for spermatozoa. SBUIII has been purified, characterized and identified

as a monomeric 55-60 kDa N-glycosyl-protein (BUS60) that exhibits heparin
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affinity. It has a very close homology with pancreatic-lipase-related proteins 2
(PLRP2) (Pellicer-Rubio et al., 1997). In a recent study, Sias et al. (2005) have
confirmed (by DNA sequencing) that bulbo-urethral secretion 60 (BUS60) is
PLRP2, which has phospholipase A1 activity. The physiological role of GoPLRP2
is still unknown, but this enzyme might be associated with the reproductive
activity of bucks. Generally, bulbo-urethral glands produce a mucoid secretion
that cleans the urethra prior to semen passage upon ejaculation. GoPLRP2 might
be involved in this cleaning process of the buck genital tract (Sias et al., 2005),

which demands intensive research for confirmation.

SP also contain enzymes that protect spermatozoa in the female
reproductive tract like platelets activating factor acetylhydrolase (PAFAHSs) and
its activity has been detected in bovine SP (Parks and Hough, 1993). Soubeyrand
et al. (1998) have specified that the enzyme responsible for most of PLA; activities
in bull SP is a PAFAHSs of 60 kDa, which is expressed exclusively in the seminal
vesicles and the ampulla. Although it is capable of hydrolysing long-chained
phosphatidylcholine, it displays a highly preferential activity towards platelets
activating factors (PAF). It is very important to note that mammalian
spermatozoa contain a relatively high proportion of ether-linked-phospholipids,
which can serve as precursors for PAF synthesis involved in sperm capacitation
(Hough and Parks, 1994). Release of sperm-derived PAF within the female
reproductive tract could evoke an inflammatory response by triggering
neutrophil activation generating superoxide metabolites, causing extensive
cellular damage with irreversible arrest of sperm motility (Kovalski et al., 1992).
PAFAHs may be responsible to inhibit or delay actions of sperm-derived PAF
prior to sperm transport into the oviduct and also to hydrolyze oxidatively
damaged phospholipids in spermatozoa and seminal fluids preventing cellular
damage (Hough and Parks, 1994). However, the role of PAF-AH in other

ruminant reproductive biology still requires further attention.

Arylsulfatase enzymes (AS-A, -B, and -C) have been identified in bull SP,

known to remove sulfate from various glycoconjugates and steroid molecules
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that are involved in the stability and permeability of the plasma membrane
(Gadella et al., 1991). Thus, they could function as in vivo capacitating factors
prior to spermatozoa swimming out of SP in the female reproductive tract.
Arylsulfatase C (a microsomal steroid sulphatase) has been proposed as a
promoter of sperm capacitation (Langlais and Roberts, 1985). Very little
information is available on the function of these enzymes in ruminants SP. There
are also some enzymes in SP whose functions are still unknown. Among them, a-
1,4-glucosidase and Prostaglandin-H2 D-isomerase (PGDS) are common. a-1,4-
glucosidase has been identified in ram SP and its activity is established as a
useful marker of epididymal function. Because epididymides of adult rams are
the primary source of a -glucosidase in SP (Tremblay et al., 1990). a-14-
glucosidase is also related to semen quality specially correlated positively with
sperm concentration in ejaculates (Guerin et al., 1981). Tremblay et al. (1990)
revealed that the highest percentage of sperm motility was associated with a low
a-glucosidase content of SP and seasonal variations of testosterone in adult rams
might have negative control on the presence of a-glucosidase in semen. PGDS is
the only one of the glutathione-independent lipocalins that is associated with
enzyme activity. It has been detected in bull semen (Gerena et al., 1998) and ram
(Fouchécourt, et al.,, 1999). It might be originated from epididymes, as this
enzyme could not be detected in the seminal vesicle secretion or in SP of vas
deferens-ligated rams. The relationship between PGDS and the physiology of
spermatozoa is unknown. It is thought that it might have a role on fertility

(Gerena et al., 1998).

1.2.3. Ions

Sperm function is highly dependent on ionic environment (Hamamah and
Gatti, 1998). Difference in the dietary mineral level may have a positive effect on
the ion concentrations of SP. Cations such as Na, K, Ca, and Mg in SP exert
osmotic balance and are components of many important enzymes (Cevik et al.,

2007). Na is the principle cation in SP, with an exception in bull semen where Ca
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concentration is very high (Setchell and Brooks, 1988). Na ion is an important
element for spermatozoa function (Mosaferi et al., 2005). K is a natural metabolic
inhibitor and higher K concentration in SP decreases sperm metabolism thereby,
decreasing sperm motility (Massanyi et al.,, 2003). Ca triggers the acrosome
reaction in mammalian spermatozoa and is also involved with sperm motility
(Kaya et al., 2002). Meseguer et al., (2006) have reported that Ca »* concentrations,

in seminal plasma, are good predictors of post-thaw semen quality.

Mg, found in nearly all enzymatic systems, is regarded as a marker of
seminal vesicle secretions (Wong et al., 2001) and may play an important role in
sperm motility (Jobim et al., 2004). Assumpcao et al. ( 2005) observed a negative
correlation of abnormal sperm morphology with P, Ca and Na concentrations
and a positive correlation with K concentration. Cu is necessary for many
enzymes like the Cu-Zn-superoxide-dismutase (SOD), which is involved in cell
protection against free radicals. More recently, several investigators have
observed a positive correlation of Cu content of buffalo SP with sperm motility

(Eghbali et al., 2008).

Zn exerts a protective anti-oxidant activity (Gavella and Lipovac, 1998) and
is thought to be the primary factor responsible for the antibacterial activity of SP.
It stabilizes the final DNA-nucleoprotein assembly and the plasma membrane of
spermatozoa (Lewis-Jones et al., 1996). Metabolic regulation of spermatozoa
appears to be mediated through Zn as a regulator of enzymatic activity in the
semen and Zn plays an important role in control of motility by controlling energy
utilization through adenosine triphosphate systems and through regulation of
phospholipid energy reserves (Hidiroglou and Knipfel, 1984). Testosterone is
thought to be involved intimately in zinc turnover in accessory sex glands of the
ram (Hidiroglou et al., 1979). An inverse relationship between Zn content in
bovine SP and fertility of the semen was stated by Swarup and Sekhon (1976).
Increased concentration of Cl in SP may play a role in infertility (Cevik et al,,

2007). The distribution of major ions between sperm and SP might be a basis for
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variation of semen quality of different successive ejaculates and should be

considered in the interpretation of fertility evaluation of semen.

1.2.4. Reducing Sugar

Fructose is a major saccharide that is present in ruminant SP. Fructose is
synthesized from blood glucose by AGs specially seminal vesicle stimulated by
testosterone (Kumar and Farooq, 1994), and its concentration in SP tends to
increase during the breeding season (Matsuoka et al., 2006). Fructose plays an
important role in metabolism as spermatozoa utilize fructose to produce ATP
(Sanchez-Partida, et al., 1999). In both old and new world camelids, SP fructose
concentration is very low, which is probably due to the absence of seminal
vesicles. The corpus prostate seems to be the principal source of fructose, smaller
amounts are contributed by the bulbourethral glands, ampulla ductus deferentis
and pars disseminata of the prostate (El-Manna et al.,, 1986). In camelids SP,
glucose is the principle sugar, which is converted into fructose either by
phosphorylated pathway or by monophosphorylated pathway through sorbitol
dehydrogenase and aldose reductase (Agarwal et al., 2004). The concentration of
fructose in SP has often been used as an indicator of the androgen status of
animal as its secretion is stricly governed by the level of androgens in the blood
(Mann and Lutwak-Mann, 1981). Information on total fructose concentration in
SP of different species could help in the determination of appropriate
concentration of fructose to be added into semen diluents. Another reducing
sugar sorbitol is also present in ruminant SP. The ram spermatozoa posses
enzyme sorbitol dehydrogenase that enables sorbitol to be converted to fructose

and used as a metabolic substrate (Setchell and Brooks, 1988).

1.2.5. Lipids

A key feature in the function of spermatozoa is the lipid composition of
sperm membrane and SP. Lipid profiles consist of cholesterol, phospholipids,
diglycerides, tryglycerides and wax esters. The possible source of lipid in SP may
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be the epididymes as well as spermatozoa. Pickett and Komarek (1966) observed
more lipid content in SP obtained from normal ejaculates than SP collected after
vasectomy. Lipid content also varies with ejaculates and higher lipid
concentration is observed in first as opposed to the second ejaculates (Igbal et al.,
1984). Seminal lipids may play a significant roles in the sperm structure,
metabolism, sperm capacitation and fertilization of female gametes (Hafez, 1987)
and its presence in SP is also important because of the ability of sperm cells to
take up lipid components or fatty acids from the surrounding environment under

determined circumstances (Cerolini et al., 2001).

Among different lipid profiles, the most predominant lipids are
phospholipids and cholesterol that have special relevance in the structure and
function of the plasma membrane of spermatozoa (Cross, 1998). SP also contains
triacylglycerols, their oxidation serving to meet the sperm energy requirements.
The intake and use of triacylglycerols is enabled by very-low-density lipoprotein
(VLDL) receptor expression on the sperm Membrane (Gundogan and Elitok,
2004). There are different types of phospholipids (Table-2) present in SP, among

which the choline plasmalogens are the major phospholipids of ruminant SP .
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Table 1.2. Phospholipids composition (% of total phospholipids) of ruminant SP (Andrabi, 2009; Jain and Anad, 1976).

Phospholipids Bull Buffalo Goat
Phosphotidal choline (Choline Plasmogen) (CP) 17.6-32.9 17.3 15.7-22.4
Phosphotidyl choline (PC) 24.5-30.0 21.7-34.1 15.2-22.0
Phosphatidyl ethanolamine (PE) 5.4-10.5 10.8-11.7 1.1-15.6
Phosphatidal ethanolamine (EP) 5.0-16.3 41-4.9 1.6-4.3
Sphingomylin (SPH) 11.6-16.3 13.-13.8 10.6-19.8
Phosphatidyl serine (PS) 1.3 2.8 1.1-5.9
Phosphatidyl inositol (PI) 0.8 29 1.5-6.0
Lysophosphatidyl ethanolamine (LPE) 1.2-2.2 5.6-6.6 4.3-14.2
Lysophosphatidyl choline (LPC) 1.2-2.2 3.1-3.9 3.2-9.8
Diphosphatidyl glycerol (DOP) 5.0-8.8 3.5-7.4 0.3-0.5
Phosphatidic acid (PA) 0.4 0.5 0.2-14




The synthetic capability of spermatozoa is very limited and its behaviour
is essentially controlled by the external effectors on which they are suspended
and acting through cell surface and plasma membrane (Harrison et al., 1992).
Although fructose is the main energy producing substrate, spermatozoa may use
phospholipids for energy production in absence of oxidizable soluble
carbohydrates (Scott and Dawson, 1968). Phospholipids utilization by
spermatozoa may have an effect on the structural integrity of the cell membrane,
which might be important in understanding the reduced fertilizing capacity of
frozen-thawed spermatozoa. Dawson et al. (1956) identified a glycerol complex
namely, glyceryl-phosphorylcholine (GPC). GPC is present almost in all
mammals SP but, ram SP contains a concentration of more than one percent than
other animals. It is mainly found in the epididymal fluid. Although it is always in
intimate contact with spermatozoa, it is unable to be metabolized. Though small
amounts of GPC are also produced in the accessory sex organs, the concentration
of this substance in the epididymal fluid is an important indicator of the
epididymal function (Pardiwalla et al., 1980). While little is known about the
functional significance of this component, it was hypothesized that GPC might be
an important source of energy for spermatozoa in the female reproductive tract
where an enzyme of the female reproductive tract might be responsible for
breakdown of GPC (White and Wallace, 1961). Results from some researches
have indicated that reduced sperm concentration and motility are associated with
a decrease SP lipid content (Taha et al, 2000). Investigation of the actual
functions of lipids of SP on spermatozoa could be an interest area of research that
might help to improve cryopreservation process. Because, the transfer of proteins
through sperm surface is modulated by the distribution of lipids along the
membrane (Parks and Graham 1992). Perhaps an exchange of lipids may occur
between spermatozoa and SP. This hypothesis needs a comprehensive study.
Total lipids and phospholipids have been quantified in alpaca SP (Garnica et al.,
1993). Their functions have not yet been studied in camelids, but they may play a

role in maturation and protection of the plasma membrane integrity.
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1.2.6. Anti-oxidants

The plasma membrane of spermatozoa is rich in phospholipid-bound
polyunsaturated fatty acid (PUFA). Therefore, spermatozoa are highly
susceptible to lipid peroxidation (LPO) by free radicals or reactive oxygen species
(ROS) such as hydrogen peroxide (H20z), superoxide anion (O%) and hydroxyl
radical(-OH). Physiologically, ROS are important mediators of normal sperm
function, such as signal transduction mechanisms and play an important role in
normal physiological processes such as, sperm capacitation, acrosome reaction,
maintenance of fertilizing ability, and stabilization of the mitochondrial capsule
in the mid-piece in bovine (Desa et al., 2009; Goncalves et al., 2010) and their
beneficial effects on sperm functions depend on the nature and the concentration

of the particular ROS involved (de Lamirande and Gagnon, 1993)

It is important to point out that epididymal spermatozoa exhibit a
spontaneous capacity for superoxide anion production, mediated by a
membrane-bound NADPH oxidase, lead to the generation of peroxides that serve
as hydrogen acceptors for phospholipid hydroperoxide glutathione peroxidase in
the induction of sperm chromatin condensation (Aitken and Vernet, 1998). In
order to maintain proper physiological activities a fine balance between ROS
production and recycling around sperm cells is essential (Drevet, 2006).
Otherwise, any imbalance leads to the impairment of sperm function through
oxidative stress resulting in decreased motility of spermatozoa ( presumably by a
rapid loss of intracellular ATP), axonemal damage (de Lamirande and Gagnon,
1992), decreased viability and increased morphological defects specially in
midpiece, with deleterious effects on the capacitation and the acrosomal reaction
of spermatozoa (Kim and Parthasarathy, 1998). Superoxide anion and nitric oxide
participate in heparin-induced capacitation in bovine cryopreserved sperm,
whereas hydrogen peroxides induce capacitation in ejaculated bovine

sperm(O’Flaherty et al., 1999; Breininger et al., 2010).
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In physiological condition, there are both intra and extra cellular enzymatic
and non-enzymatic antioxidant scavenger system for prevention of ROS to
protect spermatozoa from oxidative stress. SP is very important in determining
the antioxidant defense system for spermatozoa. Both spermatozoa and SP
contain antioxidant enzymes known as superoxide dismutase (SOD), glutathione
reductase (GR), glutathione peroxidases (GPx) and its substrates (GSH and
GSSG), and catalase (CAT) (Storey et al., 1998). Indeed, mature spermatozoa have
little capacity for repairing oxidative damage because their cytoplasm contains
low concentrations of scavenging enzymes (Alvarez and Storey 1989).
Surprisingly, SP has higher concentration of antioxidants than any other
biological fluids including blood serum (Mann, 1964), and antioxidants that are
present in SP mainly compensate for the deficiency in cytoplasmic enzymes.
Epididymal enzyme like catalase protects spermatozoa from oxidative damage in
the epididymal lumen whereas, SOD and GP secreted from seminal vesicle
protect sperm after ejaculation (Zubkova and Robaire, 2004). The localization of
SOD on the acrosome, post-acrosome and tail, of GPx on the post-acrosome and
apical head, and of GR on the tail have been demonstrated (Marti et al., 2008).
There are three SOD isoenzymes (CuZn-SOD, Mn-SOD and extracellular EC-
SOD), of which, CuZn-SOD activity is high and Mn-SOD and EC-SOD activities
are very low in SP (Eghbali et al., 2008). SOD spontaneously dismutates O to
form Oz and H2O», whereas catalase converts H2O2 to Oz and H>O (Alvarez et al.,

1987).

207 + SOD
2H+ O

HO, +

v

H202 Catalase H2>+1/2
O2

A

Another important attribute of SP antioxidant scavenger system is the
relatively high concentration of reduced glutathione (GSH). Glutathione is the
substrate of the selenium containing enzyme glutathione peroxidase (the main

enzyme involved in removing hydrogen peroxides) and of glutathione
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transferase (an enzyme which catalyses covalent reactions of glutathione with
electrophilic substances). Glutathione acts as electron donor, and it can react
directly (through its thiolic group) with hydrogen peroxide, superoxide anion
and hydroxyl radicals, and its sulphydryl group can react with alkoxyl radicals
and hydroperoxides [(Lenzi et al.,, 1996) for review ]. Glutathione reductase
regenerates reduced glutathione (GSH) from oxidized glutathione (GSSG) . The
equilibrium equation involving GSH and GSSG is:

2 GSH + H 202 Glutathione GSSG + 2
Peroxidase HO

GSSG + NADPH + H* Glutathione - 2 GSH +
Reductase NADP+

(Calvin et al. 1981)

Along with antioxidative function, glutathione also involves in fructolysis
of spermatozoa (Slaweta and Laskowaska, 1987). It is a coenzyme of 1,3-
diphosphoglyceric aldehyde dehydrogenase which leads to oxidation of triose
phosphate to phosphoglyceric acid, which is reduced to pyruvic acid and then
lactic acid, improving metabolic activity and motility of spermatozoa (Sinha et
al., 1996). It is obvious that antioxidant activity is dependent on the presence of
antiperoxidant factors, which may attach to spermatozoa at ejaculation and can
protect them from lipid peroxidative attacks during their passage through the
female reproductive tract. In this respect, it should be pointed out that GPx and
SOD are found with RSP -14 and 20, which are mainly involved in prevention of
cold shock (Marti et al., 2007 ). Apart from these antioxidants enzymes, albumin
(present in SP) is also known to absorb lipid peroxides, and contribute to the
protective effect on both the plasma membrane and motility (Alvarez and Storey
1995) . It is noteworthy to point out that levels of antioxidant defensive systems
vary with species, season and type of ejaculation (Ollero et al., 1996). Higher
activities of GR, GPx SOD and CAT have been observed in semen of poor quality

in non-breeding season (Colas et al., 1990) and higher antioxidant protective
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system of SP is claimed to ensure fertilizing potential of spermatozoa in adverse

condition (Cardozo et al., 2006).

1.2.7. Hormones and Cytokines

Hormones like estrogens, progesterone, testosterone, luteinising hormone
(LH), prolactin and prostaglandins have been reported to be present in SP.
Steroid hormones and prostaglandin content of SP are the results of the activity
of Leydig cells, epididymis, seminal vesicle, prostate and spermatozoa
themselves, since sperm contain both aromatase and cyclo-oxygenase II (Hess et
al., 2001). PLA> anchored to the plasma membrane releases arachidonic acid from
phospholipids, which is converted to prostaglandin E». . The hormonal profile of
SP varies among species. Ram SP contains lower estrogen and testosterone
concentrations than that of bull SP. Ram semen contain a fair amount of
prostaglandin (PGE), which is known to stimulate the contractile activity of the
cervix and uterus in vitro and in vivo improving transport of spermatozoa in ewes
(Gustafsson et al., 1977). Level of PG is shown to be dependent on season (Shore
et al., 2003). The presence of immunoreactive prolactin, LH and progesterone in
buffaloes (Sidhu and Gill,, 1992) and bulls SP (Razdan et al., 1977) has been
reported. The specific functions of these enzymes in SP are unknown. Sidhu and
Gill (1992) observed a negative correlations between the levels of
immunoreactive prolactin in semen, and motility and viability of spermatozoa.
Concentrations of prostaglandins, testosterone and estrogen in the semen have
been suggested as indicative of the reproductive status of the bull and ram
(Dimov and Georgiev, 1977). Insulin-like growth factor I (IGF-I) deserves
increasing interest as it is an important regulator of reproductive functions (Jones
and Clemmons, 1995). IGF-I is synthesized in Sertoli cells and Leydig cells under
the control of FSH and LH. This potent mitogenic, metabolic and differentiating
polypeptide is believed to function as a chemokinetic factor necessary for
development of normal germ cells and for maintainance of normal sperm

morphology (Glander et al.,, 1996). IGF-I is present in bovine SP and IGF-I
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receptor is present on the acrosomal region of uncapacitated ejaculated bovine
spermatozoa (Henricks et al., 1998). Since the acrosomal region is involved in
capacitation and acrosome reaction, one could hypothesize their possible
regulatory role in sperm pre-fertilization events. IGFs may have an important
role in increasing the straight-line velocity and decreasing the amplitude of
lateral head displacement (Miao et al., 1998), important for sperm transport
through the female reproductive tract. Selvaraju et al. (2009) have studied the
effect of IGF-I of Buffalo SP on semen quality and suggested that addition of IGF-
I can improve sperm functional parameters by reducing lipid peroxidation levels
and maintaining sperm motility by increasing fructose uptake. Such an
interesting hypothesis deserves further attention. However, the action of IGFs on
semen quality or fertility is related to the action of IGF-binding proteins (IGFBPs)
in SP, which probably modulate IGF actions on sperm function (Zhou and
Bondy, 1993). Likewise, IGF-II binds to four major BSPs (BSPA1, -A2, -A3, and -
30kDa) to exert its function (Desnoyers and Manjunath, 1994). Literaure on the
presence and function IGFs and IGFBPs in SP of small ruminants species is very

limited.

Cytokines are important factors for anti-inflammatory function of SP.
Recently, Vera et al. (2003) have confirmed the presence of cytokines, namely, the
interleukins 6 and 10 (IL-6 and IL-10) and tumor necrosis factor alpha (TNFa) in
bull semen. IL-10 is known as an anti-inflammatory cytokine and its function in
the male reproductive tract is to maintain immunological balance and avoid
rejection of spermatozoa. TNFa possesses not only pro-inflammatory activity but
also plays an important role in modulating the inflammatory response (Hodge-
Dufour et al., 1998). TNFa synthesized from seminal vesicles is testosterone-
dependent and its action in the female reproductive tract following insemination

may be initiated by plasmin and other enzymes (Robertson et al., 2002).
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1.2.8. Vesicular Fractions

Vesicular fractions or membrane vesicles being characterized and localized
in the whole ram ejaculate (El-Hajj Ghaoui et al., 2004) have drawn current
attention, and are thought to be secreted from testis and epididymes. The precise
origin of membrane vesicles or the mechanism by which they are discharged into
the semen have not been clearly identified yet. This component of SP could have
a positive effect on progressive motility of spermatozoa. Therefore, attachment of
membrane vesicles to the sperm surface could delay capacitation and acrosome
reaction similar to the action of prostasomes in human SP (Fabiani et al., 1994).
Such hypothesis relating to the function of these microscopic organelles requires
further investigation. In addition, further work is needed to determine its
beneficial effect and influence on the fertilizing ability of spermatozoa of

different animals.

1.2.9. Ovulation inducing factor of SP

SP exerts a distinct stimulation in the process of reproduction. From time to
time doubts have been expressed as to whether the individual accessory gland
secretions or even the entire SP, have any essential role to fulfill the process of
reproduction. Evidence demonstrating an effect of SP in hastening or inducing
ovulation in ruminants is limited. In some early studies, it was reported that
sterile copulation with vasoctomized male was associated with enhanced LH
secretion and a higher ovulation rate in spontaneous ovulators like cattle and
sheep (Marion, 1950; Jochle, 1975). Several authors demonstrated that ovulation
occurred after intravaginal (Chen et al., 1985) or intramuscular/ intrauterine
administration (Pan et al.,, 1992) of Bactrian SP to female Bactrian camels.
Recently, Adams et al. (2005) have reported the existence of ovulation inducing
factor (OIF) in SP of alpacas and llamas that could elicite a surge in circulating
concentrations of LH and induce ovulation in more than 90% of treated females.

OIF is thought not to be species specific, as bull SP can induce ovulation in
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females bactrian camels (Chen et al., 1985), lama and alpaca (Ratto et al., 2006).
Though ovulation rate was lower with bull SP than alpaca or llama SP, this study
proposed the hypothesis that OIF might be a conserved molecule in SP among all
mammals. OIF in SP induces ovulation via a systemic rather than a local route
(Ratto et al., 2005), though controversy remains in one study where investigators
observed ovulation after intravaginal deposition of alpaca semen in female
alpacas and llamas (Sumar, 1994). Interestingly, the putative ovulation-inducing
factor in SP is completely different from the native LH, HCG, PMSG and PGF-2a
and posseses GnRH-like activity but, OIF is not GnRH. The biological activity of
OIF on rat pituitary cells was not suppressed when anti-GnRH antibodies were
added to the culture media (Paolicchi et al., 1999). The complex composition of
OIF in Bactrian camel has been thoroughly studied by (Pan et al., 2001) with ion-
exchange chromatography on DEAE-cellulose, HPLC and reverse-phase HPLC.
OIF is formed with a multi-layered structure, of which, the outermost layer
comprises glycoprotein of 19.431 kDa, the second layer consists of alkaline
protein components 19 kDa, and the third layer consists of acid protein
components of 13.18752 kDa. These layers with different chemical properties are
proposed to be very important in the maintenance of OIF stability in SP matrix.
In an earlier study, Pan et al. (1986) proposed that OIF might be synthesized from
hypothalamus or pituitary gland as they could not observe any ovulation in
female camels after vaginal deposition of accessory gland fluids. But this result
demands a further confirmation. More studies should be conducted for proper
identification of functional properties of OIF in ruminants semen, which could be
an evolutionary asset for diagnosis and treatment of ovulatory problems in

female animals
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1.2.10.Immunoregulatory and antimicrobial effects of components
of SP

SP function in the normal physiology is associated with the ejaculation of
spermatozoa and their subsequent survival in the female reproductive tract.
Semen is potentially antigenic to the female and during maturation in the
epididymis the spermatozoa acquire their antigenic properties (Valentovicova et
al., 2005). Antibodies that recognize surface antigens of mature spermatozoa are
present in sera of both sexes. Spermatozoa may be exposed to antisperm
antibodies in semen and in cervical, ovarian follicular and fallopian fluid (D’Cruz
et al, 1990). Additionally, spermatozoa can readily be ingested by vaginal
leucocytes and epithelial cells (Phillips and Mahler, 1977). SP plays an
immunoregulatory role that is beneficial to survival of spermatozoa in the female
reproductive tract. Spermatozoa are coated with some proteins of SP having the
immunosuppressive activity in immune reactions and these proteins accompany
the migration of spermatozoa to the female reproductive tract (Matousek, 1985).
SP has been shown to interfere, either directly or indirectly, with the function of
different types of immunocompetent cells, including Tand B lymphocytes and
macrophages (Mukherjee et al., 1983). Immunoglobulin G, an predominant
immunoglobulin, is present in SP of bull and buffalo. Bovine seminal
Ribonuclease (BS-RNase) appears to be the major immunosuppressive agent of
SP. It exerts action through its ability to catalyze the cleavage of RNA and with
its dimeric structure plays a key role presumbly in binding to specific cell
receptor(s). Its immunosuppressive action is accomplished by interfering
strongly with the expression of the interleukin-2 receptor on T cells (Tamburrini
et al., 1990). Beside RNase, IL-10 and TNNFa also posses local immunosuppressive
action and negative control on inflammatory reaction in the female reproductive
tract (Hodge-Dufour et al., 1998). Their local action might be responsible for the
modulation of the immune response to sperm antigens or even protection of
spermatozoa from certain facets of the female immune system (Kelly,1995).

Platelet-activating  factors  acetylhydrolases @ (PAFAHs) also  present
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immunosuppression activities by inhibiting actions of sperm derived PAF and its
concentration in SP is so high that it could conceivably result in the
immunosuppression of the whole uterus (Soubeyrand et al., 1998). Along with
the beneficiary effect, the temporary local immunosuppression provided by SP
can facilitate infection by viruses and bacteria that might be present in the semen

and establish SP as an medium for sexually transmitted disease (Vera et al., 2003).

Interestingly, a very intriguing scenario is also suggested by Teixeira et al.
(2002) who have stated that spermadhesine of SP shows immunostimulatory
properties within the female reproductive tract of animals. There may be two
bases for immunoregulatory functions of SP: i. supporting the elimination of the
vast majority of waste spermatozoa that fail to fertilize ii. preservation of the tiny
minority of surviving spermatozoa that are able to fertilize oocytes.
Immunostimulatory molecules may have a temporally retarded mode of action
and they may play a role in the competition between spermatozoa, as the female
reproductive tract will become immunologically active only after spermatozoa

have reached the ovum or a safe sperm storage site [(Poiani, 2006) for review].

Insemination induces a rapid and transient inflammatory reaction in the
female reproductive tract. Detailed studies are conducted on this aspect in
rodents, human, and boar (Robertson, 2005). It is not clear exactly which
component of semen induces this reaction in ruminant, even information
regarding leucocyte populations in the ruminant reproductive tract is limited.
Insemination induced inflammatory reaction is regarded as a normal
physiological phenomenon that play an important role in the establishment of a
state of immune-tolerance during normal pregnancy (Robertson, 2002). Ram
semen can enhance the expression of proinflammatory cytokine interleukin-8 in
the ovine cervix (Mitchell et al., 2002). Scott et al. (2006) have reported that post
inflammatory response increases neutrophils and macrophages and reduces mast
cells in vagina, cervix and uterus of ewes, which might be a preparatory
phenomenon for the implantation of ovine conceptus. Because, macrophages are

believed to have a role in inducing immunotolerance to paternal antigens
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(Robertson and Sharkey, 2001). Presence of IL-8 after insemination is thought to
enhance cervical dilation, which in turn, facilitates transcervical transport of
spermatozoa. Cytokines and prostaglandins synthesized in the male accessory
glands are transferred to the female reproductive tract at insemination where
they bind to receptors on target cells in cervix and uterus, activating changes in
gene expression, leading to modifications in structure and function of tissues of
the female reproductive tract (Robertson, 2005). Factors in SP including proteins,
cytokines, sex hormones and prostaglandins posses potential biological
capabilities to protect spermatozoa from different pathogens both in the male
and female reproductive tract (Maegawa et al., 2002). Antimicrobial protein
seminoplasmin present in bovine SP, has a potent antibacterial activity and lyses
Gram-positive and Gram-negative bacteria (Murti et al., 1994). Seminalplasmin is
shown to be a potent inhibitor of reverse transcriptases RNA-dependent DNA
nucleotydaltransferases and appears to act by binding strongly to the enzyme (
Reddy et al., 1983). It possesses antimicrobial property by inhibiting the growth,
as well as nucleic acid and protein synthesis of several bacteria (Scheit et al., 1985)
and by increasing bacterial membrane permeability (Sitaram et al., 1992). PLA »
also exerts a potent antimicrobial action in the SP ( Bourgeon et al., 2004). It could
be stated that exploration of the nature and interaction between active
components of SP and the female reproductive tract in immunoregulatory system
may be of particular value to Al in providing increased sperm survival in

allowing a larger number of inseminations from an ejaculate
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1.3. ASSESSMENT OF SPERMATOZOA

The ultimate goal of semen assessment is to predict the fertilizing ability of
the spermatozoa, as well as, to estimate the potential capability of a male as a
breeder . Classical sperm parameters, including sperm concentration, motility,
morphology and viability estimated by light microscope, are the most used
parameters for semen quality assessment in Al laboratories. But physical semen
characteristics (both macroscopic and microscopic) and sperm morphology
measurements are not always indicative of fertility and reproductive
performance (Zhang et al., 1998:Novak et al., 2009). These tests are considered
somehow inefficient to correlate properly with some unexamined factors such as
repeatability of sperm quality tests, relationships between sperm qualitative and
quantitative characteristics in the insemination dose, sperm manipulation and
possible injury during insemination, sperm viability in relation to survival in the
female reproductive tract, fertilization and early embryonic development (Correa
et al.,1997). In truely, the ability to predict the fertility of semen with laboratory
tests is still limited, mainly due to the complexity of the spermatozoon and its
associated environment. Spermatozoon is multifunctional cell that must possess a
large number of attributes that make it potentially fertile. Any spermatozoon
lacking any of these attributes or not possessing enough of an attribute will be
infertile (Januskauskas and Zilinskas, 2002). In order to increase the predictive
power of the test, simultaneous analysis of multiple sperm attributes (Graham et
al., 1990) and\or outcomes of several laboratory assessments can be combined
statistically to look for the overall effect of several independent sperm parameters

(Zhang et al., 1998), which can explain variation among individual.

Therefore, new technologies are being used for the assessment of sperm
quality over the last decades and improved diagnostic tools have been used to
examine kinetic parameters of motility and to understand complex structural and
molecular changes that spermatozoa undergo during its lifespan-ie. complete
screening of sperm function. Nowadays, more sophisticated evaluations of sperm

quality are performed with multicolor flow cytometry. In this system,
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spermatozoa travel in a sunpension one by one through the beam of a laser that
causes any fluorescent stain associated with the sperm cell to fluoresce (Graham,
2001). Photomultiplier tubes permit the determination of specific wavelengths
emitted by individual compartments in each sperm cell that have been
previously stained with a fluorescent dye (Graham and Moce, 2005). Variuos
kinds of fluorochromes and compounds conjugated to fluorescent probes have
made possible to observe sperm physical characteristics including cell size, shape
and internal complexity and to understand their biochemical functional status.
Moreover, flow cytometric study increases the repeatability of assessment,
removes the subjectivity of assessment and allows simultaneous assessment of
multiple Fluorochromes (Gillan et al., 2005). Thus, flowcytometry can provide
information on cell viability, acrosomal integrity, mitochondrial function,
capacitation status, membrane fluidity apoptotic mechanism and DNA status
(Evanson, 1984; Garner et al., 1997; Nagy et al., 2003). In spite of having many
advantages for semen evaluation with flow cytrometry, its use is often limited to

research by the expense and the requirement of a skilled operator.

1.3.1. Motility

Sperm motility is the most used criterion for routine semen evaluation,
where subjective evaluation of quantitative motility (percentage of motile and
progressively motile sperm) is mainly performed. Percentage of motile sperm is
considered as an indication of cell viability and an indirect method of assessing
metabolic activity. Along with subjective evaluation, Computer Automated
Sperm Analysis (CASA) has been introduced to evaluate qualitative motility or
the kinetic property of the ejaculated individual sperm cells. CASA study helps
to improve the accuracy of data collection and to reduce time in the exam
performance (Amman Hammerstedt, 1993). Video images for computerized
sperm motion analysis are obtained from viewing fields of motile sperm using a
microscope. A set number of successive video frames is analyzed at a constant
rate and each sperm is classified as either motile or nonmotile. Various kinds of

motion characteristics have been reported in many species including bovine
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(Anzar et al., 997), goat (Cox et al., 2006), ram (Robayo et al.,2008) using the

CASA system. Motility data is characterized as follows:

Table-1.3. Kinematic parameters used for CASA system.

Parameters Abbreviation  Unit Description

Average path VAP um/s measures the mean trajectory of

velocity spermatozoa per unit of time.

Curvilinear velocity VCL um/s Total distance traveled by the sperm
head per unit time

Straight line velocity VSL pm/s measures the straight liner trajectory of
spermatozoa per unit of time

Amplitude of lateral ALH pum measure of the side-to-side movement

head displacement of sperm head

Linearity LIN % (VSL/VCL) X100

Straightness STR % (VSL/VAP)X100

Wobble WOB % (VAP/VCL)X100

Beat/cross BCF Hz Number of times the curvilinear path

frequency acrosses the average path per unit

time:approximates to the flagellar beat

frequency for ejaculate spermatozoa

A high correlation coefficient between motility or velocity of bull

spermatozoa and competitive fertility index was reported. CASA has some

limitations. Its study is limited in a small population. In the analysis of frozen

semen, this system is less capable of identifying non-spermatozoa, such as egg

yolk, misleading to high concentration of spermatozoa (Combhaire et al. 1992).
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The validity of the results depends on careful sample preparation and the
settings used on the instrument (Anzar et al., 1991) to identify correctly moving

sperm, nonmoving sperm, and particles (usually static) other than sperm.

1.3.2. Plasma membrane integrity

Generally, eosine\nigrosine dyes are used as supravital stain in laboratory
to asses viability. Only live and dead spermatozoa can be identified. Recently,
fluorescent staining have been developed to identify a third population known as
“moribund or dying cells”(can be misjudged as a live cell with general staining)
along with live and dead spermatozoa population using fluorescent microscope
or flow cytometer to get a precise information of viable spermatozoa. Various
membrane permeable and non-permeable fluorescent dyes are used to evaluate

physical intactness of sperm PM (Table 1.4.).

Table 1.4. Common fluorescence dyes used for PM integrity.

Non permeable DNA dyes Permeable dye

Bisbenzimidazoles Enzyme based dye

Hoechst 33258 (H258),Hoechst 33342 Fluorescein diacetate (FDA)

(H342) wavelength-358-488nm
6-carboxylfluorescein diacetate (CFDA

Phenanthridines
6-carboxylmethylfluorescein diacetate
Propidiumiodide (PI), (CMFDA)
Ethidiumhomodimer-1 Calcein acetoxy methyl ester (CAM)
Wavelength-488-568 Wave length- 510-550 nm
YoPro-1 DNA fluorochrome
Wavelength-488-568 nm SYBR-14
ToPro-3: Wavelength- 515
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Wavelength-647-670 nm

Upon entering into living cell, permeable acylated dyes are immediately
deacylated by intracellular esterases leaving the probe impermeable. Living cell
loaded with this probe fluorescence green. Onthe other hane, the entered probes
easily leak out of deteriorated cells with damaged membranes and impermeable

DNA dye enter into cell and bind with DNA fluorescenc red.

deacylation
= unusPpSYBR

Life sperm Dead sperm

Figure-1.7. Discrimination between intact and plasma membrane damaged sperm using
DNA affinity probes (Silva and Gadella, 2006).

Carboxifluorescein acetate combined with propidium iodide(CFDA\PI),
Hoescht 33258, or calcein acetate in combination with ethidium homodimer,
SYBR-14 with either propidium iodide or ethidum homodimer is the
combination of probes most frequently used (Garner and Johnson, 1995). When
CFDA\PI is used, population contained green fluorescence over head confirmed
as live spermatozoa. Two populations of damaged sperm can be identified; one
consisted of sperm with red staining (PI+) over the head (termed as dead), and a
second population which consisted of sperm, with an intact acrosome that
retained green fluorescence (CFDA+) and a red postacrosomal region (PI+)
(termaed as moribund or dying cells). The combination of SYBR-14 and PI or

dyes is more used and enables flow cytometric staining immediately after freeze-
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thawing without any laborious processing step to remove egg yolk or lipid
particles from milk. As these particle don’t contain DNA, they remained

unlabeled and therefore, don,t interfere in sperm counting (Nagy et al., 2003).

The sperm plasma membrane functional status is of particular importance
since transportation of compounds across the sperm membrane is an important
biochemical process for sperm viability and maintenance of fertilizing capability
(Jeyendran et al., 1984). For this reason, Hypo-osmotic swelling test (HOST) is
performed to evaluate the membrane biochemical activity along with evaluation
of physical intactness of plasma membrane with vital stains. HOST provides a
simple, effective and convenient means of evaluating viability of spermatozoa
(Esteves et al., 2007) and is considered as a better indicator of cell membrane
integrity than supravital stains (Neild et al, 1999). In HOST solution,
spermatozoa with intact and functionally active plasma membranes will undergo
swelling (due to the influx of water) to establish an equilibrium between the

extra- and intracellular compartments (Jeyendran et al., 1984).

50
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Figure-1.8. Diagrammatic illustration of different sperm swelling patterns as measured
by HOST. Type A represents maximal sperm swelling; Types B and C represent
intermediate sperm swelling stages; and Type D represents the initial swelling response
in the HOS test. Non-swollen (E) spermatozoa are considered to have a functionally
inactive or damaged sperm membrane. (Correa et al., 1997).

Though solutions with different osmolalities have been tested both for fresh

and frozen-thawed samples from different animals, a solution of fructose and
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sodium citrate in distilled water with 100 mOsm gives best results for ruminant
spermatozoa (Correa and Zavos, 1994). Mandan et al, (2003) observed a
significant positive correlations among HOST and MOT, VSL, VCL, ALH and
VAP in buffalo sperm and revealed that of sperm kinematics might depend on
plasma membrane integrity. Vidament et al. ( 1998) observed HOST as the the
best predictive test of the freezability of stallion semen. Brito et al. (2003) reported
a significant relationship between Post-thaw HOST and in vitro fertilization rate.
Several studies have evaluated HOST as a better predictor of the fertilizing
capacity of spermatozoa than motility in ram, (Vazquez et al., 1988) bull (Correa

and Zavos, 1994) and humans ( Zaneveld et al., 1990).

1.3.3. Capacitation

Fluorescent antibiotic chlortetracycline (CTC) is routinely used to assess the
incidence of sperm capacitation and acrosome reactions. This membrane probe
binds to the sperm plasma membrane in a Ca2+/Mg2+ dependent manner and
viable sperm cells become labeled with CTC at different parts of the surface
membranes where Ca2+ is present above a certain threshold concentration to
allow CTC immobilization (reviewed by Silva and Gadella, 2006). Three pattern
of CTC fluorescence can be identified- F-pattern (intact non-capacitated sperm),
an overall staining of the sperm head, B-pattern for capacitated sperm, a more
prominent staining of the apical area of the sperm head and decreased staining at
the posterior area of the sperm head (Ward and Storey, 1984); AR pattern

(acrosome reacted sperm) with no fluorescence on head.

Figure-1.9. Chlortetracycline fluorescent staining patterns for uncapacitated (F),
capacitated (B) and acrosome-reacted (AR) spermatozoa. (Curry, 2000).
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Thundathil et al. (1999) found a positive correlation between the proportion
of F-pattern frozen-thawed bull spermatozoa and the day-56 non-return rate and
suggested that fertility increased with the proportion of viable, Fpattern
spermatozoa. CTC staining is not amenable to flow cytometric evaluation (Rathi
et al, 2001), as flowcytometer can only discriminate different amounts of
fluorescence to a lower degree (Silva and Gadella, 2005). For these reasons, CTC
staining has largely been superseded by a hydrophobic dye Merocyanine 540
(M540). M540 monitors a decreased packing order of phospholipids in the outer
leaflet of the plasma membrane lipid bilayer (Williamsonet al., 1983, Langner and
Hui, 1993) which allows its intercalation into the hydrophobic core of the
membrane, present in capacitated spermatozoa (Rathi et al., 2001). M540 can also
be useful for assessing membrane fluidity (Pen™ a et al. 2004; Ferna'ndez-Santos
et al. 2007; Caballero et al. 2009), which is increased during acrosomal reaction.
Inaddition, M540 staining can be combined with the membrane impermeable
DNA binding probe Yo-Pro-1 to allow simultaneous analysis of membrane lipid
status and cell viability (Rathi et al, 2001) Beside M140, Indo-1
acetoxymethylester (Indo-1 AM) has been used for measuring intracellular Ca2+

in spermatozoa by flow cytometry (Brewis et al. 2000).

Capacitation involves cytosolic pH changes and increasing calcium levels.
On this basis, pH indicator 2-,7--bis-(2-carboxyethyl)-  5-(and-6)-
carboxyfluorescein, acetoxymethyl ester (BCECF AM, emission at 535 nm) for
measuring the capacitation-related pH increase in bovine spermatozoa has also

been used (Pons-Rejraji et al.,2009).

1.3.4. Acrosome integrity

Acrosome must remain intact before and during the transit of the sperm to
the isthmus until zona binding has been accomplished. Early acrosome reactions
render sperm infertile, and therefore, it makes sense to assess acrosome integrity .
Two types of fluorescent probes are used to detect acrosomal status. One is

chlortetracycline with antibody that bind to externally exposed antigens, and
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another includes- lectins with antibodies that bind to intracellular, acrosomal
antigens (Janugkauskas and Zilinskas, 2002). The lectin conjugates bind to
specific carbohydrate moieties of glycoproteins that are exclusively localized in
the acrosome. Pisum sativum (green pea; PSA), or of Arachis hypogaea
(peanut;PNA) are commonly used lectin conjugates. PNA labeling is specific for
the outer acrosomal membrane, whereas, PSA is used for labeling acrosomal
matrix glycoproteins. Fluorescein isothyocyanate (FITC)-conjugated PSA or PNA
(FITC_PSA or FITC-PNA) is commonly used to assess acrosomal status of
spermatozoa from domestic animals (Cross and. Watson, 1994; Sukardi et al.,
1997). For cryopreserved spermatozoa PNA is preferred because it exhibits less
nonspecific binding to other areas of the sperm and has less affinity to egg yolk
particles (Dalimata and Graham, 1997; Thomas et al., 1997). PI in combination
with FITC- PSA (Sukardi et al., 1997) or FITC-PNA (Rathi et al., 2001) has been
widely used to discriminate between nonviable acrosome reacted and viable

acrosome reacted sperm.

1.3.5. Mitochondrial function

Mitochondria produces ATP by oxidative phosphorylation necessary for
sperm function and therefore, the functional integrity of mitochondria may thus
be important for sperm survival in the female genital tract or during assisted
reproductive technology (ART). Changes in mitochondrial membrane potential
has been proposed to be a good indicator of sperm functional impairment (Pena
et al., 2003). Rhodamine 123 (R123), potentiometric membrane dye, has been used
to evaluate sperm mitochondrial function (Evenson et al., 1982; Auger et al., 1989;
Graham et al., 1990). It only fluoresces red when the proton gradient over the
inner mitochondrial membrane (IMM), is built up. Unstained sperm do not
contain functional mitochondria, whereas, positive stained cells are aerobically
functional (Garner et al., 1997). R123 is considered not to be very reliable due to
its low sensitivity, variability within samples and background staining (Garner et

al., 1997). There are several Mitotraker with different color such MitoTracker
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Green FM [bovine: Garner et al. (1997)], MitoTracker_ Red FM [boar: (Gadella
and Harrison 2002)], MitoTracker_ Red CM-H2TMRos [bovine: Fatehi et al.
(2006)] and MitoTracker_ Deep Red FM [stallion: Hallap et al. (2005); ram:
Garcia-A lvarez et al. (2009)] also selectively label the respirating mitochondria

and can be used for multi-parametric sperm assessments.

Another mitochondrial stain JC-1 (5,50,6,60-tetrachloro-1,10,3,30-tetraethyl
benzimidazolyl-carbocyanine iodide) now commonly used with spermatozoa
from different animal species; bull (Garner et al., 1997); ram( Martinez-Pastor et
al. 2004); stallion (Ortega-Ferrusola et al.,2009), to distinguish cells having highly
functional mitochondria from cells having weakly functional mitochondria. JC-1
is transported into the interior of functioning mitochondria. When the
concentration of JC-1 inside the mitochondria increases, the stain forms
aggregates which fluoresce orange (Thomas et al.,, 1998). JC-1 switches from
orange fluorescence in the aerobic functional mid-piece towards green
fluorescent after IMM depolarization (Garner et al., 1999; Gravance et al., 2000)
which indicate weakly functional mitochondria. JC-1 appears to be not suitable
for multi-parameter assays due to its emission in both the green and red
wavelengths and it does not work effectively on frozen-thawed sperm, probably
due to interactions with egg yolk particles from the freezing extender (Garner et
al.,1999). Mitochondrial activity has been related to cell motility (Garner et al.,
2001; Januskauskas et al., 2005), viability (Garner et al., 1997; Januskauskas et al.,
2005) and fertility (Kasai et al., 2002).

1.3.6. Apoptosis marker

Apoptosis or programmed cell death, is an active gene-driven process of
self-destruction expressed through signal transduction pathways and it provides
a critical means for regulation of the numbers of male gametes during
spermatogenesis (Guthrie and Welch, 2005). Many studies have revealed the

process of apoptosis and described presence of apoptotic cells in ejaculate from
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different animals including human (Jesenberger and Jentsch, 2002; Martin et al.,

2004, Marti et al., 2008

Extrinsir: death stimmuli Infrinsic death stimmuli

Death ligand

Apoptotic trigger

= Bid

g f;?/ S=—— AR
ﬁ \ 0 Proca o]

ng_ tg af-

‘IC‘ {21

= e | oO—T ] 2]
= = , g
Procaspase-X rocaspase-y =
1""’E — l .
Caspase-3 %

Caspase- ‘r’

m\\ Yy

-’—".,t:u:up otic substrates

Apoprosis

Figure-1. 10. Schematic presentation of apoptotic process. Apoptotic signaling pathways
can be divided into two main routes, the death receptor pathway and the mitochondrial
pathway, each of which involves the activation of specific initiator caspases such as
caspase-8 and caspase-9. Both routes eventually converge at the level of caspase-3
activation. Downstream of the effector caspase-3, several signals serve to mediate

apoptosis (Jesenberger and Jentsch, 2002).

After induction of apoptosis, mitochondrial pores are opened and leads to
the release of proapoptotic factors from the mitochondria (Ravagnan et al., 2002).

Proapoptotic factors of different proteases related to the caspases family (cysteine
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proteases with aspartate specificity) are subsequently activated. It has been
shown that ejaculated spermatozoa exhibit certain characteristics of apoptotic
somatic cells: DNA fragmentation, plasma membrane blebbing, chromatin
condensation, caspase activation, loss of mitochondrial membrane potential,
decrease in plasma membrane integrity, and externalization of
phosphatidylserine on the plasma membrane (Martin et al., 2004;Anzar et al,,
2002, Blanc-Layrac et al., 2000, Donnelly et al., 2000). When the cell membrane is
disturbed, the phospholipid phosphatidylserine (PS) is translocated from the
inner to the outer leaflet of the plasma membrane (Bratton et al., 1997), and this is
one of the earliest changes in the sperm membrane. Markers of terminal
apoptosis include activated caspase-3, loss of the mitochondrial membrane
potential integrity, and DNA fragmentation, which are expressed by varying
proportions of ejaculated sperm (Evenson et al., 2002; Henkel et al., 2004). Since
ejaculated mature spermatozoa are unable to undergo apoptosis and don’t retain
the necessary caspase-mediated mechanism (Weil et al, 1998), presence of
apoptotic cells in fresh ejaculate may be the remainders of an earlier abortive
apoptotic population (Martin et al., 2004). Moreover, the translocation of PS is
considered by some authors to be a physiological event during the capacitation
process (Gadella and Harrison, 2002; de Vries et al., 2003), while for others it
represents a sign of cellular damage, a feature of the apoptotic phenomenon

(Muratori et al., 2004; Kurz et al., 2005).

Externalization of PS can be monitored by the calcium-dependent binding
of Annexin-V, appears to be more sensitive indetecting live spermatozoa
dysfunctional plasma membrane besides those dead or moribund cells (Guthrie
and Welch, 2005). FITC-conjugated Annexin-V and propidium Iodide (Thomas et
al., 2006) or 6-CFDA and Annexin-V (Marti et al., 2008) can be used and annexin-
V binds to negatively charged phospholipids on the outer leaflet of the plasma
membrane in a Ca2+-dependent manner, and displays high affinity for

phosphatidylserine.
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Although many studies have examined the effects of cryopreservation on
the outcomes of routine spermatological evaluations, few studies have focused
on the association of cryopreservation with apoptotic induction (Hammadeh et
al., 1999; Martin et al., 2004) specially with induction of membrane PS
translocation in human (Duru et al., 2001), boar (Pena et al. 2003), and bull (Anzar

et al., 2002) sperm cells.

1.3.7. DNA integrity

In mammals, the sperm nucleus is transcriptionally inactive (Imschenetzky
et al.,, 2003) and its chromatin is compacted at a degree of condensation 6-fold
higher compared with a somatic cell nucleus (Ward and Coffey, 1991). DNA
fragmentation can be caused during spermatogenesis by apoptosis caused by
activation of endonucleases or during ejaculation by reactive oxygen species
(Evenson, 1999). The degree of DNA damage is clearly correlated with the
impairment of embryo development and severe DNA damage cause male
infertility (Seli et al., 2004). Therefore, DNA integrity is assessed for proper
control of male fertilizing ability. There are several techniques to assess sperm
DNA fragmentation such as sperm chromatin structure assay (SCSA), in situ nick
translation, the terminal deoxyribonucleotidyl transferase mediated dUTP nick
end labelling (TUNEL) and comet assay (Evenson et al., 1980, 2002; Evenson and
Tritle, 2004).

The DNA integrity of sperm can be determined by the sperm chromatin
structure assay (SCSA) (Evenson et al.,, 1980). The SCSA is a flow cytometric
assay that is the most widespread test for assessing sperm chromatin. This test is
relatively simple to perform: sperm samples are submitted to a DNA
denaturation step, mixed with an acridine orange (AO) solution and analysed by
flow cytometry (Evenson and Jost 2000). AO is a metachromatic fluorochrome
that readily intercalates in the DNA. When associated to double-stranded DNA
(dsDNA) it fluoresces green, whereas it fluoresces red when associated to single-

stranded DNA (ssDNA). DNA fragmentation index (DFI) is calculated by

55



analysis flourometric data and when DFI in thawed semen is higher than 30%, it
decreases in vivo and in vitro fertility (Gandini et al. 2006). Sperm chromatin can
be evaluated under a fluorescence microscope after Acridine Orange (AO)

staining on slide (Gandini et al. 2006).

The SCSA has been used in almost all domestic animals [ bull (Evenson et
al., 1980; Januskauskas et al., 2003); boar (Evenson et al., 1994; Boe-Hansen et al.,
2005), stallion (Love and Kenney, 1998; Dias et al., 2006), ram (Peris et al., 2004)
and dog (Nunez-Martinez et al., 2005)]. SCSA has shown a good correlation with
fertility in bulls (Evenson et al., 1980;Sailer et al., 1996), boars (Evenson et al.,
1994), stallions (Love and Kenney, 1998) and humans (Evenson et al., 1999; Virro
et al., 2004) and considered a useful predictor of fertility, either in vivo (Evenson

et al. 1999) or in vitro (Larson-Cook et al. 2003; Gandini et al. 2006).

Another method to detect DNA damage is to allow enzymatic incorporation
of fluorescent nucleotide analogs by a terminal nucleotide transferease into single
stranded DNA areas (silva and Gadella, 2005). The terminal deoxynucleotidyl
transferase (TdT) mediated digoxigenin-dUTP nick-end labeling (TUNEL) assay
is commonly used to assess DNA fragmentation in a variety of cells, including
spermatozoa (Shen et al., 2002; et al., 2004). The TUNEL assay quantifies the
incorporation of TdT mediated fluorescently labeled dUTP at breaks in double-
stranded DNA, utilizing a reaction catalyzed by terminal deoxynucleotidyl
transferase, the fluorescently labeled fragmented ends of DNA are detectable by
flow cytometry and fluorescence microscope. The proportion of TUNELpositive
cells appears to correlate well with decreased pregnancy rates using ART

(Benchaib et al., 2003).
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1.4. EFFECT OF CRYOPRESERVATION

Cryopreservation of spermatozoa has become a powerful technology for the
preservation of the valuable genetic patrimony and distribution of males of high
fertility and to preserve genome from endangered breed. In order to obtain faster
diffusion of individuals of higher genetic merits, AI with cryopreserved semen
has been used commercially in dairy cattle for decades. Nowadays, fair to good
fertility rates are obtained with AI in comparison to natural mating.
Unfortunately, in other ruminant species like sheep, goats, buffaloes and also in
camelids, cryopreservation for Al is commercially limited. Cryopreservation is a
non-physiological method that involves a high level of adaptation of biological
cells to a series of functions like dilution, incubation, cooling, freezing or
thawing, which cause ultrastructural, biochemical and functional alterations of
spermatozoa (Watson et al., 1992; Holt 2000). Extender used for cryopreservation
is made of various compounds, which have energy source (glucose, fructose and
lactose etc), buffering capacity ( TRIS, TES to main pH of extender), protection
against cold shock, cryoprotectant (glycerol), appreciable quantities. ) and
antibiotics and present proper osmotic pressure and electrolyte balance. The goal
of a cryopreservation protocol to preserve biologically functional spermatozoa
that must survive in the uterine environment following a in vivo insemination,
then to be transported to the oviduct, and maintained there until the oocyte

arrives, and must be able to produce a viable embryo.

1.4.1. Changes in spermatozoa

Inspite of extensive development in cryopreservation protocol, fertility with
frozen-thawed semen are not comparable to those obtained with fresh semen.
Reduction in fertility after cryopreservation arises from both a diminished
viability of spermatozoa and a sublethal dysfunction of the surviving population

(Watson, 2000), due to increased freeze-thaw-induced morphological and
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genomic abnormalities, and reduced rate of sperm motility (Peréz. Pe et al., 2002;

Martin et al., 2004).

Ejaculate consists of a heterogeneous population of cells, which achieve
their full fertility potential at different rates within the female tract and thus
maximize the chances of a fertile spermatozoon successfully combining with an
egg. It is becoming apparent that the freeze-thaw process results in a more
homogeneous cell population, which may be functionally compromised (Leahy
et al., 2010). Generally, about 40-50 % of the spermatic population does not
survive after freezing-thawing (Watson, 2000). In ram, frozen-thawed semen may
have a high proportion (40-60%) of motile cells, although only 20-30% remains
biologically functional (Medeiros et al., 2002). After both slow and fast freezing of
ram semen, motility is better preserved than the morphological integrity of
spermatozoa. The plasma and acrosome membranes are more sensitive than the
nucleus and locomotor and mid-piece part of the sperm cell. Moreover, the
mitochondrial architecture is altered by freeze-thawing, but the tail filament and
fibrils showed no detectable change after freeze-thawing (Salamon amd

Maxwell, 2000).

During cryopreservation process, the spermatozoa undergo tremendous
chemical and physical insults such as reduced temperature, lethal intracellular
ice crystal formation and dissolution, cellular dehydration, osmotic injury during
the addition and removal of cryoprotectants, and spermatozoa show marked
responses to all of these steps (Gao and Crister, 2000; Gilmore et al., 2000;
Watson, 2000).

During cooling, a thermotropic phase transition in the membrane
phospholipids from a liquid-crystalline to a gel phase (a functional alteration of
the plasma membrane condition), results in more rigid (ordered) membrane
structure leading clusters of integral membrane proteins, altering function of ion
channel protein, leading to increased membrane permeability (Robertson et al.,
1988). Spermatozoa subjected to cryopreservation are very sensitive to a rapid

reduction in temperature from 25 to 5°C (Watson, 1981). This produces cold
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shock, a membrane transition phase behavior exhibited by most biological
membranes (Morris et al., 1987). In addition, changes in temperature affects the
asymmetry of membrane phospholipids very markedly. Aminophospholipid
transfarase is thought to be responsible for maintenance of this asymmetry (Frog
et al., 1993), and changes of temperature produce an alteration of the enzyme and
a break of this asymmetry. It associates with an increase in the fluidity of the
external plasma membrane, which provokes a major permeability, fusogenisity
and instability, shorten the life (Watson, 1995) o spermatozoa. Loss of selective
permeability and integrity of the plasma membrane leads to exposure and
reorganization of actin binding sites (Holt and North, 1991), redistribution of
ions, and changes in the membranes of the acrosome and mitochondria,
reduction in pH and cellular metabolism and loss of motility (Quinn and White,
1966; Pickett and Komarek, 1967; Watson, 1995; Gadea, 2003). ). In this stage,
increased Ca+ uptake contributes to capacitative changes, collectively known as
cryo-capacitation, which, latter lead to fusion events between the plasma
membrane and underlying outer acrosomal membrane (Watson, 2000). Cryo-
capacitated spermatozoa show hyperactivation (HA), which manifested by a
vigorous pattern of sperm motility marked by high velocity, wide amplitude and
whiplash movement of the flagellum (Mortimer and Maxwell, 1999). Cryo-
capacitation lead to a spontaneous acrosomal reaction prior to arrival at the
ampulla of the oviduct when prematurely capacitated spermatozoa are used for
Al (Bailey et al., 2000) and make spermatozoa unable to form an adequate
reservoir and to reach the site of ovulation. These inabilities might account for

reduced fertility with cryopreserved spermatozoa in small ruminants.

The damaging effects of cooling and freezing upon sperm membrane varies
among domestic species and is influenced by several elements namely,
cholesterol/phospholipids ratio, content of lipids in the bilayer, degree of
hydrocarbon chain saturation and protein/ phospholipid ratio (Medeiros et al.
2002). It has been observed that, sperm membrane with higher ratio of
cholesterol\ phopholipd and lower ratio of polyunsaturated\saturated, fatty acid

presents more resistance to the changes of temperature (Pringle and Chapman,
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1981). Bull, ram, and boar sperm (sensitive), have a higher ratio of unsaturated to
saturated fatty acids (2. 5), whereas more resistant sperm from rabbits, dogs, and
human have lower ratios (:1). On the other hand, phopspholipid:cholesterol ratio
is very high (0.88-0.99) in sperm from species whose sperm are resistant to cold
shock (rabbit and human), and low (0.38 and 0.45) in sperm from species whose
sperm are susceptible to cold shock (bull and ram; Darin- Bennett and White,

1977).

When cells are frozen, they are subjected to stresses resulting from a water-
solute interaction that arise through ice crystallization. Exposure to the
hyperosmotic, unfrozen solution causes an efflux of intracellular water, cell
shrinkage, and potentially an influx of ions (Mazur, 1984). Thawing reverses the
freezing process, forcing the cell to retrace its path through the various
environments encountered (Quinn and White, 1966) and the consequent influx of

water may cause membrane disruption.

Cryopreserved spermatozoa are very susceptible to changing osmotic
conditions encountered during freezing, thawing and processing (Fiser and
Fairfall, 1984; Zavos, 1991). Spermatozoa encounter hypertonic conditions during
freezing-thawing and an abrupt change in osmotic pressure results in occurrence
of osmotic shock, reduced sperm viability and sperm membrane damage
(Hammerstedt and Graham, 1990; Correa and Zavos, 1994). Osmotic stress to
spermatozoa influences the fragility of sperm plasma membrane leading to
rupture of plasma membrane and deachemnt of tail (Silvia et al., 2003). Ram
sperm have narrow osmotic tolerance limits, similar to those of boar and bull

sperm (Guthrie et al., 2002).

Post-thawed sperm become more sensitive to lipid peroxidation than those
from fresh semen (Trinchero et al., 1990), due to the membrane modifications that
are produced during the cryopreservation process. Specifically, the activation of
an aromatic amino acid oxidase following the death of ram and bull sperm has
been identified as a major source of ROS production in the semen of these

animals (Upreti et al, 1998). ROS facilitates the acrosome reaction through a
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stimulatory effect on the phospholipase A2 (PLA,) activity that is present in
spermatozoa and that is stimulated both by the calcium and by the formation of
lipid peroxides within the plasma membrane (Goldman et al., 1992). ROS can
also induce oxidation of critical -SH groups in proteins and DNA, which will
alter structure and function of spermatozoa with an increased susceptibility to
attack by macrophages (Aitken et al., 1994). H2O: is the primary ROS responsible
for the loss of sperm functions (de Lamirande and Gagnon, 1992; Aitken et al,,

1993).

Ultrastructural damage during freeze-thawing is accompanied by
biochemical changes, which include: the release of glutamic oxaloacetic
transaminase (GOT), losses of lipoproteins and amino acids, decrease in
phosphatase activity, decrease in loosely bound cholesterol protein, increase in
sodium and decrease in potassium content, inactivation of hyaluronidase and
acrosin enzymes, loss of prostaglandins, reduction of ATP and ADP synthesis,
decrease in acrosomal proteolytic activity (Salamon and Maxwell, 1995), and also
denaturation of DNA (Gillan and Maxwell, 1999). Losses of proteins in the
intermediate piece, causes the decrease in ATP's levels without possibility of
resynthesis (Watson, 1981). In sheep, it has been observed that, though the
majority of sperms lose ATP as a onsequence of damage in membrane
membrane, the concentration intracelular ATP in sperms resistant to the cold-
shock is kept to levels similar to those of fresh semen for several hours (Moses et

al.; 1996).

Very recently, Martin et al. (2006) have proposed that cell death and
increased membrane permeability observed after cryopreservation might not be
solely due to ice formation but also due to a hypothetical apoptosis-like process
in spermatozoa. They have observed that apoptotic characteristics appeared as
ordered events in bull sperm during the cryopreservation process, as a decrease
of the mitochondrial membrane potectial (MMP) observed immediately after
dilution in the cryopreservation medium, caspase activation after equilibration

and changes in membrane permeability after the complete freezing/thawing
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process. Elevated ROS, Glycerol or Ca++ influx may also have a direct toxic effect
on the mitochondria, leading to decreased MMP, opening of the mitochondrial
pores and release of cytochrome c and other pro-apoptotic factors, such as Bax,
which could trigger caspase activation and ultimately lead to an apoptotic-like
death (Wiindrich et al., 2006) in cryopreserved sperm. White (1993) reported a
decrease in the membrane rigidifying phospholipids PE and SM and in a relative
increase in the membrane fluidizing phospholipid PC resulted from
cryopreservation. The redistribution of phospholipids probably affects
membrane function and charge, which can lead to severe membrane dysfunction
(Watson,2000). During the early phases of disturbed membrane function,
asymmetry of the membrane phospholipids occurs, before the integrity of the
plasma membrane is progressively damaged (Martin et al., 1995). On this basis, it
can be proposed that apoptotic positive cells are not functionally completely
competent. Although many studies have examined the effects of
cryopreservation on the outcomes of routine spermatological evaluations, few
studies have focused on the association of cryopreservation with apoptotic
induction (Hammadeh et al., 1999; Martin et al., 2004) specially with induction of
membrane PS translocation in human (Duru et al., 2001), boar (Pena et al. 2003),

and bull (Anzar et al., 2002) sperm cells.

Two factors are supposed to be related with overall effect of
cryopreservation on sperm cells. Intrinsic factors includes the inherent sperm cell
characteristics, such as, the geometry of the cell (diameter, volume, relation
surface volume) (Curry et al., 1996), sperm hydration condition, permeability of
the plasma membrane to the water and croprotectors, and age or maturation
state of spermatozoa (Wolf, 1995). Differences in fatty acid composition and lipid
class ratios in spermatozoa among species are also important factors in the
freezability of the male gametes (Parks and Lynch, 1992). Among the external
factors, cooling and freezing rates, type of cryoprotective agents and their
concentration, extender composition, dilution rates, temperature at which
glycerol is added to the semen, equilibration time, and thawing rate are

considered very important for successful cryopreservation (Mazur, 1994;
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Salamon and Maxwell, 1995; Aisen et al., 2000; Paulenz et al., 2004; Anel et al.,
2005). Variation in freezability is well documented between animals and in
ejaculates of single animal (Watson, 1995) and individual genetic variation might

have an impact on to differentiate good and bed freezers (Thurston et al., 2002).

1.4.2. Changes in proteins and enzymes of SP.

Along with osmotic imbalance, the dilution effect of semen presumably
removes adsorbed proteins, natural antioxidant and other beneficial components
of SP. The removal of these beneficial components by dilution can also create
charged differences between spermatozoa causing head to head agglutination
(Mann et al,1980). Ashworth et al. (1994) showed that ram spermatozoa died
rapidly after extensive dilution of SP. Decreasing temperature during
cryopreservation can alter protein function in two ways- directly decreasing the
catalytic activity of enzymes (Hammerstedt and Hay, 1980) or indirectly by
changing pH of aquous buffer system, altering the surface charge of protein,
leading to an impairment of protein-lipid interaction and irreversible

denaturation of proteins (Oehninger et al, 2000).

A significant decrease (70-80%) in sperm-bound BSPs was reported after
cryopreservation (Nauc and Manjunath, 2000). The induced modifications may
further reduce membrane barrier properties and lead to cryocapacitation of
frozen-thawed spermatozoa. Theses changes in BSPs might be responsible for
deleterious effect on bovine spermatozoa during semen cooling and freezing
(Pruitt et al, 1993). In a recent study, Bergeron and Manjunath, (2006) have
reported that milk proteins such as casein micelles interact with BSP proteins and
block their action, and hypothesized that biding pattern may be similar for
homologous protein eg RSPs, GSPs. It is not clear that this binding affinity is

beneficial for sperm protection from capacitation or a side effect of milk casein.

In ram, inhibitory factors present in SP are not well characterized. These

factors are thought to be proteins of low molecular weight (less than 10kDa), or
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to reside in the protein-free fraction have a direct detrimental effect on sperm
function (Garcia-Lopez et al.,, 1996), or may disturb the binding of beneficial

proteins to the sperm plasma membrane (Dominguez et al.,2008)
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Figure-1.10: Mechanism of sperm protection by egg yolk (EY) and milk (Bergeron
and Manjunath, 2006).

In bull, a heat-labile protein known as aromatic L- aminoacid oxidase,
located in the tail of spermatozoa, is responsibe for the toxic effct of SP in
ambient temperature (Shannon and Curson, 1981). Aromatic L-amino acid
oxidase is a latent enzyme, which becomes active only after death of bovine
spermatozoa (Shannon and Curson, 1972). In bucks, SBUIII in SP secreted from
the buck bulbo-urethral gland interact with skim milk triglycerides and release
sperm-toxic fatty acids, such as oleic acid, appears to be responsible for the
deterioration of buck spermatozoa diluted in skim milk. Buck SP produced in the
nonbreeding season is more detrimental on motility and survival rate of

epididymal spermatozoa in skim milk extender than SP from the breeding season

(Pellicer, 1995).

There are few studies evaluating the association of SP proteins and enzymes
with semen freezability. Jobim et al. (2004) reported a differences in SP Protein

Profile from bulls with low and high semen freezability. On the basis of their
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study, the acidic protein of (13-16 kDa ) could be used as markers of high semen
freezability and protein of 25-26 kDa could be a marker of low semen
freezability. A positive correlation between SP total protein content and the
freezability of ram semen has been reported by Barrios et al. (2000). Conversely,
low protein content in SP reduces its buffering capacity and in turn, semen
quality (Paz and Lewin, 1992). In alpaca, we have observed that SP collected from
male with high freezability shows some specific protein fractions, which are

absent in SP collected from male with low freezing quality (Marion et al., 2010).

Measurement of the enzyme activities leaked into extracellular medium
through the injured plasma membrane could be used as a marker to estimate
cellular damage occurring during cryopreservation. Dhami and Kodagali (1990)
stated that ALP and AST could be used as markers for freezability and fertility in
buffalo, as they observed a negative correlation between ALP leakage and
motility of crypreserved buffalo spermatozoa. Similarly, Uperti et al. (1996)
proposed ALP leakage in SP as a marker for optimisation of cooling and freeze-

thaw steps of cryopreservation for ram semen.

1.4.3. Changes in antioxidants of SP

During cryopreservation, the semen is exposed to cold shock and
atmospheric oxygen, which in turn, increases sperm susceptibility to lipid
peroxidation (LPO) due to higher production of ROS (Salamon and Maxwell,
1995). Dilution of semen is claimed to reduce protective enzyme capacity
increasing susceptiblity of the plasma membrane to lipid peroxidation, thus
resulting in reduction of sperm motility and damage of the genomic integrity
(Kasimanickam et al, 2007). In bovine and ram semen, ROS are generated
primarily by dead spermatozoa via an aromatic amino acid oxidase catalyzed
reaction (Upreti et al, 1994). Several studies have been conducted on semen
viability and enzyme leakage from spermatozoa due to ROS production in frozen
bull semen (Dhami and Kodagali, 1990; Upreti et al, 1996) and ram (Marti et al,

2007). Cryopreservation causes reduction in bull sperm gluthathione reductase
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levels by 78%, SOD activity by 50% and the level of GPx activity significantly
(Bilodeau et al, 2000). In ram, SOD is very much affected by cryoinjury, with a
decrease of 65% after freezing-thawing, whereas GPx and GR activities are less
affected (Marti et al, 2008). The lower enzymes activities found after the freezing-
thawing process could be a result of the loss of the enzyme and/or enzyme
inactivation due to low temperature. The study regarding antioxidant property in
diluted semen for cryopreservation is very limited in goats, buffaloes and
camelids. Natural antioxidants of SP exert a protective effect on the plasma
membrane preserving both metabolic activity and viability of cryopreserved
spermatozoa (O’ Flaherty et al, 1997) and semen samples with highest viability
after freezing and thawing have a higher activity of enzymatic antioxidant

substances (Nair et al, 2006).

1.5. EFFECTS OF ADDITION OF SP OR ITS
COMPONENTS ON FROZEN-THAWED
SPERMATOZOA

At ejaculation, macromolecules including glycoproteins in seminal vesicular
fluid, become adhered quickly and firmly onto the sperm surface. During the
actual freezing of semen, the coating of macromolecules from vesicular secretion
may act as a protective shield and minimizes membrane damage. Therefore,
resuspension and incubation of post-thawed spermatozoa with whole SP have
been used. A lot of studies have been conducted on the effect of SP on the
survival of cryopreserved spermatozoa using different plasma removal
techniques, such as semen filtration, dialysis and centrifugation. The addition of
SP or its component into post-thawed semen increases the oxygen uptake and
motility of spermatozoa (White et al, 1987), helps to recover some surface
proteins (Dominguez et al, 2008), reverts the cryodamage on the plasma
membrane of ram spermatozoa (Rebolledo et al. 2007) and increases overall

sperm quality parameters (Maxwell et al, 2007). Catt et al. (1997) observed that

66



sperm maintained in their own seminal plasma prior to its removal for extension
and then cryopreservation showed an increased resistance to cold shock.
Addition of seminal plasma proteins to the medium prior to cold-shock, prevents
membrane damage by inhibition of protein tyrosine phosphorylation (Pérez-Pe et
al, 2002), and maintains antioxidant enzymes activity and their distribution on
the sperm surface (Marti et al, 2008), leading to viable sperm population (Perez-
Pé et al. 2001b). Even during the sorting process, high dilution negatively affects
the percentage of live and motile spermatozoa by lowering concentrations of
protective seminal lipids and proteins (Maxwell et al, 1996). Reintroducing SP
into the collection medium can compensate these deleterious effects (de Graaf et
al, 2009). When spermatozoa (either uncapacitated or capacitated) are exposed to
seminal plasma, they are unable to undergo the acrosome reaction and complete
fertilization (Cross, 1993; Watson, 1995). The addition of SP prevents premature
sperm capacitation and can convert capacitated spermatozoa back to an
uncapacitated state, which may allow cryopreserved spermatozoa to remain

fertile for a longer interval (Moore et al.,2005).

Soluble protein fractions obtained from membrane vesicle can improve
sperm function and fertility when added into post- thawed medium (El-Hajj
Ghaoui et al, 2007). The ability of ram SP proteins to repair and protect
spermatozoa against cold-shock is somehow dependent on the season of the year
(Perez-Pe et al. 2001a). The addition of SP collected during winter or autumn
(breeding season) significantly improves total and progressive motility of frozen-
thawed ram spermatozoa (Barrios et al, 2000; Dominguez et al, 2008). But
controversy remains on the beneficial effect of addition of SP into post-thwed
semen. Morrier et al. (2003) did not observe any beneficial effect of post- thaw SP
treatment on motility, and proposed that the egg protein present in the diluent
media could mask the effect of SP. Though there are several reports on beneficial
effects of addition of heterogenous SP collected from bull (Gunay et al, 2006) or
boar (Fischer et al, 1992) on freezability and fertility of frozen-thawed ram semen,
Garcia-Lopez et al. (1996) has stated that both protective and repairing effects SP

proteins are highly species specific because neither SP proteins from bull nor BSA
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could abile to restore ram sperm membrane integrity. To get a better result with
addition of SP, removal of diluents media containing glycerol by centrifugation
or percoll density gradient separation procedure prior to addition of SP in frozen-
thawed sperm may be a necessary step as it may allow spermatozoa to interact
with SP component directly before exposure to the female reproductive tract
(Maxwell et al, 1999). In camelids, nature (high viscosity) and component of SP
are the major constraint to semen cryopreservation and impede the handling of
sperm, reduce sperm activity, hasten sperm death, hinder proper mixing of
sperm with extenders or react adversely with extenders. In order to overcome
these problems, different liquefying enzymes such as, collagenase, trypsin (Bravo
et al, 2000) and/or mechanical techniques involving alternately aspirating and
expelling ejaculate through a needle (Apaza et al, 2001) have been practised.
Despite the improvement in semen processing, and motility and viability of
spermatozoa, fertility of camelids remains low with cryopreserved semen.
Therefore, the precise nature of active constituents of SP that can help to improve
post-thawed semen quality and fertility remains as a promising area of
investigation. Proper understanding of beneficial effects of SP treatment for post-
thawed spermatozoa could explore new approaches for cryopreservation, such
as, widespread utilization of SP from vasectomized males, which can reduce
extensive dilution of SP with commercial diluent or can increase utilization of

specific SP proteins to improve the function of semen extenders.

1.5.1. Effect of whole SP or its components on fertility of cryopreserved spermatozoa

Naturally, a vast portion of SP does not accompany spermatozoa during
their ascent to the site of fertilization in the female reproductive tract and its
removal is necessary for the acquisition of fertilizing capacity. Therefore, the
contribution of SP to fertility is a matter of continuing debate. Some components
act as fertility factors, while other acts as antifertility factors when evaluated in
vitro. Many attempts have been made to predict fertilizing capacity of

cryopreserved spermatozoa, and a number of studies has been conducted to
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relate SP components to fertility both in vitro and in vivo. When comparing Al
with frozen vs fresh semen, it appears that reproductive success and quality of
the outcome can be compromised if females are not exposed to SP. It has been
shown that spermatozoa exposed to beneficial SP proteins, even at low
concentrations, are able to penetrate oocytes earlier than those not exposed to SP
proteins (El-Hajj Ghaoui et al, 2007). Addition of SP or component of SP to
frozen-thawed ram semen has been shown to increase motility and and to
influence sperm penetration through cervical mucus, results in increased fertility
after cervical insemination (Gillan and Maxwell, 1999; Maxwell et al, 1999).
While, this evidence suggests that impaired function of cryopreserved
spermatozoa could be overcome by the addition of whole SP or its specific
component, antifertility activity is also related to SP components in a variety of
animals including bulls (Fraser et al, 1996). A lot of studies have been conducted
to find out the relation between different SP components and fertility. Killian et
al. (1993) identified two seminal plasma proteins with high fertility in bulls (26
kDa and 55 kDa) and two proteins that were correlated with low fertility (16 kDa
and 16 kDa). The 55kDa fertility-associated protein has been identified as
osteopontin (Cancel et al., 1999) and the 26kDa fertility-associated protein as

Lipocalin-Type Prostaglandin D synthase (Gerena et al., 1998).

The sugar composition of SP has also been correlated with fertility, mainly
due to its importance for sperm energy production (Garner et al, 2001). The
concentration of PGE and testosterone in SP of bulls of good fertility is
significantly higher than in bulls of low fertility (Shore et al, 2003). Sauerweina et
al. (2000) observed that IGF-I concentration in SP of healthy breeding bulls was
correlated positively with fertilization or pregnancy rates. Bulls with lower
peroxidation in frozen semen have been proven to have a higher fertility rate
(Kasimanickam et al, 2007). A positive correlation of AST activities in post-
thawed semen with acrosomal damage in ruminant spermatozoa and a negative
correlation with fertility was also reported (Zhao-Qi et al,1982). In order to
achieve satisfactory fertility rate, importance should be given to learn the effect of

SP on sperm fertilizing capacity separately from the activation on motility. From
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the economical point of view, further research should be directed to establish the
specific role of SP or components on fertilizing capacity of cryopreserved
spermatozoa. Moreover, biochemical evaluation of SP could be an important

criterion for assessing fertility and diagnosing male reproductive disorders.
Aim of the study

The current status of alpaca and ram semen cryopreservation is still considered
poor to fair, respectively. Conclusively, the reasons for these sub-optimal results
are still unknown compared with fresh semen. Cryopreserved semen have a
short life span. This is presumable due to damage in the plasma membrane,
water effux, osmotic imbalance during freezing and reverse rehydrating process
during thawing (Eriksson and Rodriguez-Martinez, 2000). Several studies have
demonstrated that beneficial effect of addition of SP in post-thawing sperm.
Addition of SP modulates sperm muotility, resistance to cold shock and stability of
the plasma membrane. Generally, most of these studies attempted to disclose the
effect of SP proteins. SP protein profiles has been the most studied (Cardezoa et
al, Garicia et al 2006; Manjunath and Theirien, 2002) despite SP having other
components (Mann & Lutwak-Mann, 1981). Generally, SP contains to
macroelements, proteins, enzymes, hormone, cytokine which have specific action
on spermatozoa. This is suitable to consider especially ions, enzymes, which also
play important role in osmolarity balance in semen plasma membrane
stabilization. Moreover, differences in SP content of a semen could well be linked
to the different abilities of spermatozoa suspended in SP. Whether these ions,
enzymes are differentially represented in ejaculate, whether they can influence to
variable indicating sperm resilience to cryopreservation, such as, sperm motility,
plasma membrane integrity, essential for fertilization is unresolved. Therefore, a
series of experiment was designated to study SP composition in ejaculates (ram)
and in individual male (ram, alpaca) and their relation with quality parameters in

both fresh and frozen thawed spermatozoa (heterogeneity) in an ejaculate.

The experiment specifically aimed to study :
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Effect of ejaculate types on semen freezability.

SP bio-chemical composition and protein profiles and their relation with
fresh and post thaw semen quality frozen with two extenders.

Characters of post thaw epididymal sperm frozen with two extenders.
Effect of diets on biochemical composition of SP and semen quality in

alpaca.

Relation of SP biochemical components and protein profiles with post thaw

semen quality of alpacas.
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CHAPTER 2. MATERIALS AND METHODS

Overall Experimental Design

Experiments, conducted throughout the research period, consisted of the

following;:

Study of bio-chemical composition of seminal plasma and their influences

on freezability of ram semen with the following experiments:

- Comparison of the effects of different ejaculate types on semen
freezability in Sarda ram;
- Effects of ejaculates on the freezability of spermatozoa and the
relationship with biochemical composition and Protein Profiles (PP) of
seminal plasma with semen quality and freezability
0 Effect of ejaculate on freezability of spermatozoa frozen with
two diluents
0 Biochemical analysis and measurement of Protein Profiles
(PP) with gel electrophoresis);
- Characteristics of post-thawed epididymal spermatozoa collected

from endangered sheep breeds in Veneto region

Study of bio-chemical composition of seminal plasma and their influences

on quality and freezability of alpaca semen.

- Diet effect on semen quality, biochemical composition and Protein
Profiles (PP) of seminal plasma in alpaca.
- Effect of diluents on freezability of semen and their relationship
with biochemical composition and Protein Profiles (PP) of SP.

0 Freezing with TRIS-citrate-egg yolk diluents with fructose

and glucose
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o} Freezing with TRIS-citrate-egg yolk and skim milk diluents

Reagents

All chemicals were of “analytical’ grade where commercially available, and
unless otherwise stated, were purchased from Applichem, GmBH, Germany.
Fructose, 6-carboxifluorescence diacetate (6-CFDA) were purchased from Sigma-
Aldrich, GmBH, Germany. AnnexinV-CY3 detection kit was purchased from
Abcam, UK.

21 COMPARISON OF THE EFFECTS OF
DIFFERENT EJACULATE TYPES ON SEMEN
FREEZABILITY IN SARDA RAM

This study was conducted to compare effects of ejaculates (inter-individual

and intra-indivdual) on post-thaw semen quality in term of freezability.

2.1.1. Animals

Four adult fertile Sarda rams (3-4 years of age) were used in this study.
They were maintained in the Department of Animal Reproduction and
Biotechnology, Agris- Sardegna, Italy and were housed separately from ewes. All

rams were maintained with proper balanced diet and had a free access to water.

2.1.2. Semen collection, evaluation and processing

Semen was obtained from using artificial vagina (40-42°C) fitted with a
graduated test tube. Ejaculates were obtained from two consecutive semen

collections per ram, once a week in September-November, 2007. Immediately
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after collections all ejaculates were placed in a water-bath at 37°C. Sperm
concentration was evaluated using a calibrated spectrophotometer. The mass
movement, motility score, and percent of motile (motility%) were estimated
under phase-contrast microscope with a thermostatically controlled stage at
37°C. T o evaluate sperm motility, semen sample (5ul) was placed under a cover
slip on a pre-warmed (37 °C) slide and subjectively assessed using phase (400x
magnification) and motility score was given, as described by Evans and Maxwell
(1987). Sample with a spermatozoa concentration higher than 3X10°/ml and
motility score higher 3 (on a scale 0-5, where a score of 5 indicates rapid swirling
motion and 0 denotes absence of motion) were acceptable. For this study semen

samples were grouped as:
F1- First ejaculate from single ram;
S1- Second ejaculate from single ram;
P- Pool of first and second ejaculates collected from single ram;
P1- Pool of first ejaculates collected from different rams.
Pool samples ejaculates were mixed properly to diminish individual variations.

All samples were frozen using two steps dilution methods based on the use
of Tris-fructose- egg yolk extender. The base semen extender, consisted of TRIS
(hydroxymethyl- aminoethane) (2. 42% w/v), citric acid (1. 36%w/v), fructose
(1%w/v), 20% (v/v) egg yolk, penicillin (100,000 IU) and streptomycin (100mg)
were divided into two parts- one part without glycerol (A kept at 30°C) and other
part with 7% glycerol (B kept at 4°C).

All ejaculates were diluted with extender A and were cooled to 4°C over
2hrs in a refrigerator. Then extender B was added slowly over 15 minutes and
diluted semen was loaded into 0.25ml straws with a final sperm concentration of
80X10¢/straw, and allowed to equilibrate at 4°C for 2hrs. Straws were exposed to
liquid nitrogen vapor (-75°C) for 5 minutes and then plunged into liquid nitrogen

(-196°C) for storage.

74



Frozen sample was thawed in a water bath at 37°C for 30 seconds . Post-
thawed semen quality were assessed subjectively by a single observer. All

samples were presented in a random order unknown to the observer.

2.1.3. Statistical analysis

To evaluate the effect of the ejaculates on sperm quality two ways repeated
ANOVA was performed using the statistical software SIGMASTAT 2. 03. The
sperm parameters are expressed as meantSEM per treatment group. P<0.05

value was considered significant in this study.
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2.2. EFFECTS OF EJACULATES ON THE FREEZABILITY
OF SPERMATOZOA AND THE RELATIONSHIP
BETWEEN BIOCHEMICAL COMPOSITION, PROTEIN
PROFILES (PP) OF SEMINAL PLASMA AND SEMEN
QUALITY AND FREEZABILITY (EFFECT  OF
EJACULATE ON FREEZABILITY OF SPERMATOZOA
FROZEN WITH TWO DILUENTYS)

This experiment was performed to study effects of ejaculates on the
freezability of semen collected from endangered sheep breeds in Veneto region
and relationship of biochemical composition and Protein Profiles of seminal

plasma with semen quality and freezability.

2.2.1. Animals

Five adult rams of endangered Veneto breeds ( one Foza, two Alpagota, one
Lamon and one Padovana) were used in this study. They were maintained in the
Agricultural farm TONIOLO of the University of Padova, Italy and were housed
separately from ewes. Rams were 2-3 years old and were free from any disease
during the study period. All rams were maintained with proper balanced diet
and had a free access to water. Before starting the experiment, rams were trained

for collecting semen with artificial vagina over 6 months.

2.2.2. Semen collection and evaluation

Semen was collected with artificial vagina (40-42°C) fitted with a graduated
test tube. Ejaculates were obtained from two consecutive semen collections per
ram within ten minutes, two days in a week with at least three days abstinces
period in September-November, 2010.Immediately after collection, semen was
transported to the laboratory, and incubated in a water bath at 37°C. Ejaculate

volume was recorded directly from calibrated test tube. Sperm concentration
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(x10° sperm/ml) was measured using Biirker cell chamber after 1:200 dilution of
semen in distilled water and sperm motility(%) were assessed subjectively with a

phase contrast microscope.

2.2.2.a. Cell viability assessment

Cell viability, defined as physical intactness of plasma and acrosomal
membranes, was assessed by fluorescent staining with 6-carboxifluorescein
diacetate (6-CFDA) and propidium iodide (PI) (Harrison and Vickers, 1990).
Fresh semen was diluted into 1:500 with a saline media, composed of 200 mM
sucrose, 50 mM NaCl, 18.6 mM sodium lactate, 21 mM HEPES, 10 mM KCl, 4
mM NaHCO;, 2.8 mM glucose, 0.4 mM MgSOs4, 0.3 mM sodium pyruvate, 0.3
mM K2HPOy, 1.5 IU/mL penicillin, and 1.5 mg/mL streptomycin ( pH 6.5). 10ul
CFDA ( 1mM dissolved in water), 10ul PI ( 0.75 mM dissolved in DMSO) and
10ul formaldehyde (12%w/v) were added into diluted sample and incubated at
37°C for 15 min in dark. The cells were then examined under an Ultraviolet

fluorescence microscope (at least 200 cells) and with flow cytometer.

Intact plasma membrane contains esterase which hydrolyze CFDA into
carboxyflourescin, resulting in green fluorescence. Whereas, non-intact plasma

membrane let PI to enter inside the cell staining DNA, fluorescence red.

Three groups of cells were identified with both Ultraviolet fluorescence
microscope(Diaplan, Leitz) and flow cytometer. CF+PI-: spermatozoa with green
fluorescence; CF+PI+: spermatozoa with green acrosom and red postacrosomal

region; CF-PI+: spermatozoa with red head.
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Figure 2.1. Ram spermatozoa stained with CFDA/PI. Viable sperm(CF+PI-, green), dead
sperm (CF-PI+,red) and damaged sperm (CF+PI-, green acrosome and red
postacrosome, marked with white arrow) was identified.

2.2.2.b. Flow cytometry

All flow cytometry measurements were performed with the use of a flow
cytometry (FACScalibur; Becton Dickinson®, San Jose, CA, USA). Plasma
membrane ruptured cells were PI positive, and their red fluorescent signal was
detected on the FL2-photodetector. Membrane intact cells were CF+positive, and
its green fluorescent signal was detected on the FL1- photodetector. Data on at

least 20000 spermatozoa per sample were obtained and analyzed.

2.2.2.c. Hypo-osmotic swelling test (HOST)

HOST was used to evaluate the functional intrigrity of the sperm plasma

membrane. This was performed by incubating 20ul semen with 200ul of a
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100mOsm hypo-osmotic solution (made of 9g fructose and 4. 9g sodium citrate/1
distilled water) at 37 °C, for 60 min. After incubation, 5ul of the mixture was
spread with a cover slip on a warm slide. A total of 200 sperms were evaluated in
different microscopic fields at 40X magnification. The percentage of sperm with
swollen and curled tails was recorded as HOST+ve% cells (Revell andMrode,

1994).
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Figure-2.2. Ram spermatozoa in hypo-osmotic solution. Spermatozoa with coiled
tail were HOST+ve and spermatozoa with straight tail was considered as non-viable.

2.2.2.d. Apoptosis marker or detection of membrane
phosphatidylserine (PS) translocation

Annexin V is a calcium-dependent phospholipid-binding protein with high
affinity for PS. The translocation of PS residues to the outer layer of the plasma
membrane was detected with the Annexin V-Cy3. 6-CFDA was used to
differentiate between viable cells with or without PS translocation and non-viable
cells. 50 pl of fresh semen was diluted with 450ul of 1X binding buffer (Apoptosis
detection kit, Abcam, UK) and stained with 5ul 6-CFDA (ImM dissolved in
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water) and 2pul of Annexin Vcy3. Stained samples were incubated at room
temperature for 10 min in dark, later 5ul formaddehyde (12%, w/v) was added

and sample were evaluated within short time after preparation (Marti et al.,2008).

3-5ul of sample was placed on a slide and covered with cover slip, and was
controlled with ultraviolet fluorescence microscope at 50X magnification. Before
starting this experiment, we had justified the fluorescence color of AnnexinV
under ultraviolet fluorescence microscope. Generally, AnnexinV positive cells are
identified by red fluorescence with a rhodamine (Nikon G-2A) filter, whereas,
AnnexinV+ve cells give a dark color under ultraviolet fluoroscope. Three
populations were identified and 200 cells were counted from different

microscopic fields.

CF+AN- : sperm with green fluorescence indicate viable sperm without PS

translocation;

CF+AN-+: green fluorescence over the acrosome, mid piece, and dark color

on post-acrosome, tail indicating viable sperm but apoptotic positive;

CF-AN+: spermatozoa with dark fluorescence indicated dead sperm either

by apoptosis or necrosis.
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Figure 2.3. Ram spermatozoa with Annexin V staining. Viable sperm without PS
translocation (CF+AN-, green), apoptotic sperm (CF+AN+, green acrosome and dark
postacrosome- white arrow), dead sperm (CF-AN+, dark- red arrow). were identified
with ultraviolet florescent microscope at 50X magnification.

Flow cytometry measurements were performed with a FACSCalibur flow
cytometer (Beckton Dickinson Immunocytometry Systems, San Jose, CA).
Forward and side scatter values were recorded on a linear scale, while
fluorescent values were recorded on a logarithmic scale. Plasma membrane with
translocated PS cells were AN+ positive, and their red fluorescent signal was
detected on the FL2-photoditector. Membrane intact cells were CF+positive, and
its green fluorescent signal was detected on the FL1- photodetector. Data on at

least 20000 spermatozoa per sample were obtained and analyzed.

2.2.3. Experimental design and semen processing
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Each sample was divided into three parts- part-1 and 2 were used as single
and pooled samples, respectively for freezing and part-3 was used to centrifuge
(2500 rpm for 10 min) to separate SP and spermatozoa. SP was preserved at -20°C
for bio-chemical analysis . On the other hand, centrifuged spermatozoa were

used to freeze.

Two diluents, TRIS-citrate- egg yolk and skim milk-egg yolk were used for
this experiment. Therefore, all semen samples were divided into 8 treatment

groups.
Four groups were frozen with TRIS-based extender and named as-

1T- first ejaculate; 2T- second ejaculate; 3T- pool of first and second

ejaculate;
4T- pool of first and second ejaculate without seminal plasma
four groups frozen with milk based extender- named as-

1S- first ejaculate; 25- second ejaculate; 3S- pool of first and second

ejaculate;

4S- pool of first and second ejaculate without seminal plasma
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Figure 2.4. Experimental design used for this study. 1- first ejaculate, 2-second ejaculate,
3-pool of first & second ejaculates, 4- pool of first and second ejaculate centrifuges
spermatozoa, T- TRIS based extender, S-skim milk extender, SPZ- spermatozoa, SP-
seminal plasma

TRIS-based extender (T), consisted of TRIS (hydroxymethyl- aminoethane)
(2. 42% w/v), citric acid (1. 36%w/v), fructose (1%w/v), 20% (v/v) egg yolk,
penicillin (100,000 IU) and streptomycin (100mg), were divided into two parts- A
without glycerol ( kept at 30°C) and B with 7% glycerol (kept at 4°C). Samples
from T group were diluted with extender A and were cooled to 4°C over 2hrs.

Then extender B was added slowly over 15 minutes.

Milk-based extender (S) was prepared from Skim milk powder (11%, w/v)
and distilled water, heated to 95°C for 10 min, and after cooling to room
temperature (5%, v/v), penicillin (100,000 IU) and streptomycin (100mg) were
added. This extender was divided into two parts: E1- without glycerol and kept
at 30°C before added into semen, and E2- with 14%(v/v)(final concentration is
7%) glycerol (Paulenz et al., 2004). Samples were diluted with E1 for a final sperm
concentration of 800X10°/ml. Tubes containing S group diluted samples were

wrapped with tissue paper to protect against cold shock and then cooled to 4°C
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for 30 min. The cooled semen was then diluted with equal volume of E2
previously maintained at 4°C. Addition of E2 was performed stepwise during a

couple of minutes.

Diluted semen (both with T and S ) transferred into 0.25ml straws with a
final sperm concentration of 200X10¢/straw, and allowed to equilibrate at 4°C
for 2hrs. Before freezing, one straw from all treatment groups were controlled
and pre-freezing motility (%) and HOST+ve% sperm were recorded. Straws were
exposed to liquid nitrogen vapor (2-3 cm above the liquid nitrogen surface) for 5

min and then plunged into liquid nitrogen (-196°C) for storage.

When required, frozen sample was thawed in a water bath at 37°C for 30s .

2.2.4. Post-thawed sperm assessment

All tests used for fresh semen were applied for thawed samples including
sperm motility analysis using a computer assisted semen analysis (CASA)

system.

2.2.4.a. Sperm motility analysis

5ul of frozen-thawed sperm sample were placed onto a prewarmed
microscope slide covered with a prewarmed coverslip and loaded into the

analyzer.

The instrument settings were as follows: number of frames acquired-25;
frames rate- 30 Hz; minimum cell cise- 9 pixels, VAP 25 p/s, STR- 80%,VAP-

cutoff -10p/s. ; VSL cutoff- 151 /s, minimum contrast-9; cell intensity- 15.

The following motion characteristics were compared: VAP, VCL, VSL, ALH, LIN,
STR.
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2.2.4.b. Cell viability

5ul of thawed sample were diluted with 195pl of saline extender (described
for fresh semen) and 2pl of 6-CFDA, 2 pl of PI and 2 pl of formaldehyde were
added into sample (modified from Marti et al.,2008). Stained samples were
incubated at 37°C for 15 min in dark. Both fluorescence microscopic and flow
cytometric evaluation were performed. Viable sperm% (CF+PI-,green), damaged
sperm% (CF+PI+, green acrosome and red postacrosome) and dead% (CE-PI+,

red) (Figure-2.1) were recorded.

2.2.4.c. Hypo-osmotic swelling test (HOST)

5 ul of thawed semen was added into 50 pl of fructose-sodium citrate
solution (100 mOsm) and incubated for one hour at 37°C. 200 cells were counted

where spermatozoa with curled tail was considered as HOST+ve cell (Figure-2.2).

2.2.4.d. Apoptosis marker

50 pl thawed semen sample was mixed with 150 pl 1X buffer (apoptosis
detection kit, Abcam, UK) and then stained with 2 pl 6-CFDA (1mM dissolved in
water), 1pl Annexine V-Cy3. Sample was incubated for 15 min in dark and then
mixed with formaldehyde (12%, w/v) (modified from Marti et al., 2008). All
samples were controlled with ultraviolet fluorescence microscope and flow
cytometer as described for fresh sample. Viable cell% (CF+AN-, without PS
translocation, green), apoptotic positive cells% (CF+AN+, green acrosome and
dark/red postacrosome) and dead cells% (CF-A+, dark) (Figure 2.3.) were

recorded.
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2.3. EFFECTS OF EJACULATES ON THE FREEZABILITY
OF SPERMATOZOA AND THE RELATIONSHIP
BETWEEN BIOCHEMICAL COMPOSITION, PP OF
SEMINAL PLASMA AND SEMEN QUALITY AND
FREEZABILITY (BIOCHEMICAL ANALYSIS AND GEL
ELECTROPHORESIS OF SP PROTEIN).

Biochemical analysis was performed with an automatic analyzer (Hitachi
Boehering Mannheim, 912 Automatic Analyzer) using specific kits. SP enzymes
such as alanine amino transfarase (ALT), alkaline phosphatase, glucose (Glu),
total protein (TP), triglycerides (TG), cholesterol (Chol), calcium (Ca), sodium
(Na), potassium (K), magnesium (Mg), phosphorus (P) and chlorine (Cl) were

measured.

One dimensional Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed to identify and quantify Protein
Profiles (PP) in ram SP.

2.3.1. Preparation of gel

PAGE was performed on 14% polyacrylamide gels according to Laemmli
(1970) using a vertical slab gel apparatus (Mini-Protean Tetra system, Bio-red).
Resolving gel was prepared with 14% acrylamide\bisacrylamide and gel buffer
consisted of TRIS-Base (1.38 M), EDTA (0.3%), SDS (0.4% ), with a pH 8.8. For
polymerization of resolving gel, TEMED (Tetramethylethylenediamine) (0.8
ul/ml) and 10% Amonium persulphate (APS) (17 pl /ml) were used. Staking gel
was prepared with 4% acrylamide\bisacrylamide and gel buffer consisted of
TRIS Base 0.45 M, EDTA (0.3%), SDS (0.4%), pH-6.8. For polymerization TEMED
(3.5 ul /ml) 10% APS (10 ul/ml) were added.
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2.3.2. Preparation of sample

SP sample was diluted with sample buffer for a final concentration of 50 pg
of protein in 25ul . Sample buffer was prepared with TRIS-HCI (0.027 M, pH-6.8),
SDS (2%), glycerol (25%), B-mercaptanol (5%), EDTA (0.018%), 1% bromophenol
blue (0.1%). Diluted sample was boiled in water bath at 100°C for 5min for

protein denaturation.

2.3.2.a. Electrophoresis

25ul of denaturated samples were loaded into gel well. 6 ul of Precision plus
protein standard (Bio-Rad) was used to identify different protein bands. Protein
standards was composed of protein bands of different molecular weight, such as,
250 kDa, 150 kDa, 100 kDa, 75 kDa, 50 kDa, 37 kDa, 25 kDa, 20 kDa, 15 kDa €10
kDa. Electrophoresis was conducted at 75 V for 3 hrs with PowerPac Basic Power

supply (Bio-Rad).

2.3.2.b. Staining of gel

Gels were stained with Tincture solution, prepared with Comassie Brillian
Blue (1%), tricholoroacetic acid (5. 4% w\v), acetic acid (5. 87% v/v) and methane
(16. 8%v/v). Gels were incubated with staining solutions for a period of 6hrs and

then washed with 7% acetic acid solution until no background was detectable.

2.3.2.c. Analysis of gel

Gel images were processed with Sante Dicom Viewer Image ] program. Gel
bands density was measured and analysed to get total protein % (TP%) and

relative protein concentration (TP ).
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2.3.3 Statistical analysis

Two ways repeated ANOVA was performed where, treatment (1st and 2nd
ejaculate, T and S) and breeds (Alpagota, Foza, Lamon, Padovana) were
considered as independent variables, and semen quality parameters, biochemical
and quantitative analysis were considered as dependent variables. Data were
presented as mean+SEM. P<0.05 value was considered significant in this study.
Moreover, Pearson correlation indices were calculated between all the
parameters considered. All data were analyzed with Statistical software

SIGMASTAT 2.03.
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24. CHARACTERISTICS OF POST-THAWED
EPIDIDYMAL SPERMATOZOA COLLECTED FROM
ENDANGERED SHEEP BREEDS IN VENETO REGION

This experiment was performed to study post-thawed epididymal sperm

quality collected from endangered Veneto sheep breeds.

2.4.1. Testes Collection

Testes of ram (n=10) of endangered Veneto breeds were collected from an
abattoir and were transported to the laboratory with normal saline at a
temperature that ranged between 20°C to 25°C within 4 to 6 hours postmortem.
Immediately upon arrival to the laboratory, each pair of testes was dissected
away from its scrotum and tunica vaginalis. Ram with anatomically abnormal

testes were not used in this study.

2.4.2. Extender Preparation

TRIS- based (T) and milk based extender (S) were used for this study.
Extender T was made of TRIS (2.42% w/v), citric acid (1.36%w/v), fructose
(1%w/v), 20% (v/v) egg yolk, penicillin (100,000 IU) and streptomycin (100mg),
and divided into Part-A (without glycerol) and Part-B (with 7% glycerol).

Extender S was prepared from non-fatty milk powder (11%, w/v) and
distilled water, heated to 95°C for 10 min, and after cooling to room temperature
(5%, v/v), penicillin (64.20mg) and streptomycin (100mg) were added. Extender
S was divided into Part-E1 (without glycerol) and Part-E2 (with 7%glycerol).
Extenders Part-B and part-E2 were kept at 4°C, whereas, Part-A and Part E1 were

warmed up upto 37°C in water bath 30 min prior to epididymal sperm retrieval.
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2. 4. 3. Epididymal Sperm Retrieval

Each cauda was dissected from the testis by cutting the vas deferens and
corpus epididymis (Figure-2. 5). Upon dissection, each cauda was rinsed with
normal saline to remove any remaining materials before epididymal sperm
extraction. Specimens from each cauda were then allocated into two treatment
groups (T and S). Epididymal sperm were harvested by making 5 to 6 incisions
using a surgical blade in the cauda epididymides. The incisions were rinsed
properly with dilution media in Petri dishes to collect sperm at maximum
concentration. The sperm solution was transferred into a 15 ml plastic tube and

placed in a water bath a 37°C for 15 minutes for sperm quality analyses.

Figure 2.5. Collection of epididymal sperm.
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2.4.5. Sperm evaluation

Evaluation parameters included concentration, motility and plasma
membrane integrity. Sperm concentration was calculated with Biirker cell
counting chamber with a dilution 1:200 in distilled water. To evaluate sperm
motility, diluted sample (5ul) was placed on a pre-warmed (37 -C) slide, spread a
cover slip and subjectively assessed under phase-contrast microscope at 40 X

magnification.

2.4.5.a. Hypo-osmotic swelling test (HOST)

20ul of diluted sperm was mixed with 200pul hypo-osmotic solution,
composed of 9g fructose and 4.9g sodium citrate in 1L distilled water,
(100mOsm) and incubated at 37 °C, for 60 min. After incubation, 5ul of the
mixture was spread with a cover slip on a warm slide. A total of 200 sperm were
counted in different microscopic fields at 40X magnification. The percentage of
sperm with curled tails was recorded as HOST+ve% cells (Revell and Mrode,

1994).

2.4.6. Epididymal sperm processing

Concentration was further adjusted to 400 x 10° sperm/ml by the addition
of more extender. The plastic tube containing the epididymal sperm sample was
placed in a glass beaker containing water and the beaker was placed in a
refrigerator for cooling to 4°C for 2 hours. Cooled epididymal sperm diluted with
part-A (T) and part-E1 (S) were mixed with part-B (T) and part-E2 (S)
respectively, step by step over 15 min. All samples were loaded into 0.25ml straw

with a concentration 100X10° sperm/straw. Straws were placed at 4°C for further
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2 hrs to equilibrate. After equilibration straws were placed over (2-3 cm) liquid

nitrogen vapors for 5 minutes and then plunged in liquid nitrogen and stored.

2.4.7. Post-thawed sperm assessment

2.4.7.a. Motility analysis with computer assisted semen analysis
(CASA) system

5ul of freeze-thawed sperm sample were placed on a pre-warmed
microscope slide covered with a pre-warmed cover slip and loaded into the

analyzer.

The instrument settings were as follows: number of frames acquired-25;
frames rate- 30 Hz, minimum cell size- 9 pixels, VAP 25 n/s, STR- 80%VAP-

cutoff -10p/s. ; VSL cutoff- 151 /s, minimum contrast-9; cell intensity- 15.

VAP (Average path velocity-um/s), VCL (Curvilinear velocity- pm/s), VSL
(Straight linear velocity-um/s), ALH (Amplitude of lateral head displacement -
pm), LIN% [Linearity-(VSL/VCL) X100)] and STR%[ Straightness-
(VSL/VAP)X100] were analyzed.

2.4.7.b. Cell viability

5ul of thawed sample were diluted with 195ul of saline extender (composed
of 200 mM sucrose, 50 mM NaCl, 18.6 mM sodium lactate, 21 mM HEPES, 10 mM
KCl, 4 mM NaHCOs3, 2.8 mM glucose, 0.4 mM MgSOs, 0.3 mM sodium pyruvate,
0.3 mM K2HPOs, 1.5 IU/mL penicillin, and 1.5 mg/mL streptomycin, pH 6.5).
2ul of 6-CFDA (1 mM dissolved in water), 2 ul of PI (0.75 mM dissolved in
DMSO) and 2 pl of formaldehyde (12%w/v) were added into sample (modified
from Marti et al.,2008). Stained samples were incubated at 37°C for 15 min in

dark. Evaluation were performed with ultraviolet Fluorescence microscope.
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Viable sperm% (CF+PI-, green), damaged sperm% (CF+PI+, green acrosome and

red postacrosome) and dead % (CF-PI+, red) (Figure 2.1) were recorded.

2.4.7.c. Hypo-osmotic swelling test (HOST)

5 ul of thawed semen was added into 50 pl of fructose-sodium citrate
solution (100 mOsm) and incubated for one hour at 37°C. 200 cells were counted

where spermatozoa with curled tailed was considered as HOST+ve cell (Figure

2.2).

2.4.7.d. Apoptosis marker

50 ul thawed semen sample was mixed with 150 pl 1X buffer(Apoptosis
detection kit, Abcam, UK and then stained with 2 pl 6-CFDA (ImM dissolved in
water), 1ul Annexin V-Cy3. Sample was incubated for 15min in dark at room
temperature and then 2 pl formaldehyde (12%w/v) was added to fix stain
(modified from Marti et al.,2008). Samples were controlled with fluorescence
microscope within short time after preparation. Viable cell % (CF+AN-,without
translocated PS, green), apoptotic positive cells% (CF+AN+, green acrosome and

dark postacrosome ) and dead cells% (CF-AN+, dark) (Figure 2.3) were recorded.

2.3.3 Statistical analysis

One ways repeated ANOVA was performed where treatment (T and S) was
considered as independent variable, and semen quality parameters, biochemical
and quantitative analysis were considered as dependent variables. Data were
presented as mean+SEM. P<0.05 value was considered significant in this study.
Moreover, Pearson correlation indices were calculated between all the
parameters considered. All data were analyzed with Statistical software

SIGMASTAT 2.03.
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2.5. STUDY OF BIO-CHEMICAL COMPOSITION OF SP
AND THEIR INFLUENCES ON SEMEN QUALITY AND
FREEZABILITY OF ALPACA SEMEN (DIET EFFECT ON
SEMEN QUALITY, BIOCHEMICAL COMPOSITION AND
PP OF SP IN ALPACA).

2.5.1. Animals

This research was conducted from April, 2009 to August, 2009 and five
alpaca males (5-8 years old) were used. They belonged to a private farm (Agricole
Poggio Piero) owned by Mr. René Steiger and were maintained in animal stall in
the Department of Veterinary Clinical Sciences, University of Padova, Italy.
Among five males, four were Hucaya and one male was Suri in phenotype.
Before started the experiment, males were trained to copulate with artificial
vagina in presence of two teaser females. All males were housed separately from

female alpacas.

2.5.2. Experimental design

Total experimental period was divided into four periods, when animals

were allowed to four different diets.

Table 2.1. Time schedule and diets for experimental periods.

Periods Time Diet

1° 02/03/09-12/04/09 | Hay

2° 13/04/09-24/05/09 | Hay+pasture grazing

3° 25/05/09-05/07/09 | Pasture grazing+ sheep concentrate
4° 06/07/09-16/08/09 | Pasture grazing + horse concentrate
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Sheep concentrate was composed of wheat flour, corn flour, corn seed,
wheat bran, soyabin, calcium carbonate, sugar molasses . Feed integrity- crude

protein 16%, crude fibre-10%, crude lipids-2.7%, ashes-7%.

Horse concentrate was composed of - wheat bran, maize bran, wheat's
straw, wheat flour, rice polish, calcium carbonate, maize, sugar molasses, sodium
chloride, soyabean crush. Feed integrity-crude protein 12%, crude lipids 3%, crud

fiber 11%, ashes 7.5%.

In every period, semen was collected once in a week for four weeks. To
mitigate effects of previous diet, semen collection was avoided for two weeks
after starting with new diets. Before semen collection, testicular volume and BCS
(Body condition score) were measured. Length, width and thickness of both
testes were measured with a caliber (Gouletsou et al., 2008). Testicular volume

was calculated as follows:
Testicular volume= length X widthXthicknessX0.5236

BCS was measured by palpating lumbar region as like other small

ruminants.

Figure 2.6. Schematic presentation of BCS measurement (Thompson and Meyer,1994).
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2.5.3. Semen collection and Evaluation

Semen was collected with a modified ovine artificial vagina (AV) in
presence of teaser female (Figure 2.8.). AV was prepared by placing a foam in the
anterior inner latex to make a cervix like structure and a glass tube was attached
with this part to collect semen (Figure 2.7.). During collection, AV was wrapped
with an electric heating pad to warmth AV to maintain internal temperature of

AV.

Figure 2.7. Modified AV used for this study.
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Figure 2.8. Semen collection from alpaca semen.

Copulation time was recorded, (started when male mounted the female and
considered ended, when male stood up and did not show interest to female).
Semen was retrieved from the AV by repeated, sharp downwards thrusts to
dislodge the viscous semen and then collected in a graduated test tube.
Immediately after collection, semen tube was placed in a water bath at 37°C.
Classical semen parameters such as volume, consistency (viscosity),
concentration, motility percentage were evaluated. Ejaculate volume was
recorded directly from the collecting tube. Consistency or viscosity of the semen

was graded as:
1-viscous (when semen did not drop from a Pasteur pipette) (Figure 2.9.);

2- semiviscous (when some semen dropped from the Pasteur pipette to a

glass slide);

3- liquid ( when semen was fluid and dropped readily from the Pasteur

pipette) (Bravo et al., (1997).
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Figure 2.9. Viscous alpaca semen.

Sperm concentration was determined by the Cell VU® Sperm counting
chamber and expressed as number of spermatozoa per ml. Total number of
sperm was determined by multiplying sperm concentration by ejaculate volume.
Use of cell VU® chamber was advantageous over Biirker chamber as dilution of
sample were not required and sperm motility was also observed. For motility
evaluation 10ul of semen was placed on pre-warmed glass slide and spread with
cover slip and controlled with phase contrast microscope at 40X magnification.
Sperm motility, detected as an oscillatory motion of the flagellum was

determined as a percentage of motile sperm. After evaluation, semen samples
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were centrifuged at 3500 rpm for 40 minutes and SP was separated and stored at

-20°C for biochemical analysis.

2.5.4. Biochemical analysis and gel electrophoresis

Biochemical analysis was performed with an automatic analyzer using
specific kit (Hitachi Boehering Mannheim, 912 Automatic Analyzer). SP enzymes
such as alanine amino transfarase (ALT), y-glutamyltransferase, alkaline
phosphatase, acid phosphatase, creatine kinase, glucose, urea, creatinine, total

protein, albumin, triglycerides, cholesterol, calcium were measured.

One dimensional Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed to identify and quantify Protein
Profiles (PP) in alpaca SP.

PAGE was performed with 16% polyacrylamide gels in the gel of separation
according to Laemmli (1970). Detailed procedure was described in Experiment 1.
2b. Briefly, sample was diluted 1:20 with sample buffer. Total 15 pug protein was
used for each sample. Protein standards (Broad Molecular Weight standards, Bio-
Rad) composed of protein bands of different molecular weight; 200 kDa, 116.25
kDa, 97.4 kDa, 66.2 kDa, 45 kDa, 31 kDa, 21.5 kDa, 14.4 kDa e 6.5 kDa was used.
Electrophoresis was conducted at 48 mA for 2 hrs with PowerPac Basic Power

supply (Bio-Rad). Gels were stained with Comassie Brillian Blue.

Gel images were processed with Sante Dicom Viewer Image ] program. Gel
bands density was measured and analysed to get total protein % (TP%) and

relative protein concentration (TP ).
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2. 5.5. Statistical analysis

Two ways repeated ANOVA was performed where, period and animals
were considered as independent variables, and semen quality parameters,
biochemical and semi-quantitative analysis were considered as dependent
variables. Data were presented as meantSEM. P<0.05 value was considered
significant in this study. All data were analyzed with Statistical software

SIGMASTAT 2.03.
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2.6. STUDY OF BIO-CHEMICAL COMPOSITION OF SP
AND ITS INFLUENCES ON SEMEN QUALITY AND
FREEZABILITY OF ALPACA SEMEN (EFFECT OF
DILUENTS ON FREEZABILITY OF SEMEN AND THEIR
RELATIONSHIP WITH BIOCHEMICAL COMPOSITION
AND PP OF SP).

2.6.1. Animals

Three alpaca males (6-8 years old) were used for this study and were
housed in the animal stall of the Department of Veterinary Clinical Sciences,
Faculty of Veterinary Medicine, University of Padova, Italy. During the study
period, all three males were allowed to pasture grazing, and supplemented with
hay and commercially formulated sheep concentrate. They had free access to

water and were free of diseases.

2.6.2. Semen collection and evaluation

Semen was collected with a modified ovine artificial vagina in presence of
teaser female, once a week, from April, 2010 to October, 2010.Immediately after
collection, semen was transported to the Laboratory and kept at 37°C. Ejaculate
volume was determined directly from the collecting tube. Viscosity of the semen
was graded as 1, 2 and 3 according to Bravo et al., (1997). For motility evaluation,
10ul of semen was placed on pre-warmed glass slide and spread with cover slip
and controlled with phase contrast microscope at 40X magnification. Sperm
motility, detected as an oscillatory motion of the flagellum was determined as a

percentage of motile sperm.
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Sperm concentration was calculated by the Cell VU® sperm counting

chamber.

2.6.2.a Sperm viability assessment

Staining method was adapted (modified from Marti et al., 2008) for alpaca
semen before starting this experiment. 50ul of fresh semen were diluted with 250
ul of saline extender (composed of 200 mM sucrose, 50 mM NaCl, 18.6 mM
sodium lactate, 21 mM HEPES, 10 mM KCl, 4 mM NaHCOs3, 2.8 mM glucose, 0.4
mM MgSO;, 0.3 mM sodium pyruvate, 0.3 mM K2HPOs, 1.5 IU/mL penicillin,
and 1.5 mg/mL streptomycin, pH 6.5). Diluted samples were mixed with 3ul of
6-CFDA (1 mM dissolved in water), 3ul of PI (0.75 mM dissolved in DMSO) and 3
ul of formaldehyde (12%w/v) and were incubated at 37°C for 15 min in dark.
Evaluation were performed with ultraviolet Fluorescence microscope and 100
cells were counted from different microscopic fields. Viable sperm% (CF+PI-
,green), damaged sperm% (CF+PI+, green acrosome and red postacrosome) and

dead% (CF-PI+, red) were recorded.
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Figure-2.10: Alpaca spermatozoa with CFDA/PI stain. Viable sperm(CF+PI-, green),
dead sperm (CF-PI+, red) and damaged sperm (CF+PI-, green acrosome and red
postacrosome, marked with white arrow) (X50 magnification).

2.6.2.b. Hypo-osmotic swelling test (HOST)

50 ul of fresh semen was mixed into 200 pl of a hypo-osmotic solution of
2.45 mg fructose and 4.5 mg sodium citrate in 1ml distilled water (100 mOsm)
and incubated for 20 min at 37°C. 100 cells were counted. Spermatozoa with

curled tailed were considered as HOST+ve cell.
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Figure 2.11: Alpaca spermatozoa with coiled tail (HOST+ve). Spermatozoa with straight
tail considered as nonviable.

2.6.2.c. Apoptosis marker

This staining procedure was adapted for alpaca semen before starting the
experiment. 50 pl fresh diluted semen sample was taken into 0.5ml eppendrof
covered with aluminum paper (better to use colored eppendorf) into 250 pl 1X
buffer(Apoptosis detection kit, Abcam, UK) and mixed properly by pippetting.
First, 2.5 pl 6-CFDA (ImM dissolved in water), added into diluted sample and
after 10 min 1ul Annexin V-Cy3 (Apoptosis detection kit, Abcam, UK) was added
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into sample, and then incubated for 15 min in dark at room temperature. 2.5 pl
formaldehyde (12%w/v) was used to fix stain. 100 sperm were counted with
Ultraviolet fluorescence microscope from different microscopic fields within
short time to avoid fluorescence loss. Viable cell % (CF+AN-, without PS
translocation, green), apoptotic positive cells% (CF+AN+, green acrosome and

dark postacrosome ) and dead sperm% (CF-AN+, dark) were recorded.

2.6.3. Semen processing

2.6.3.a. Freezing with TRIS-citrate- egg yolk with glucose (G) and
fructose (F)

Tris-citrate-egg yolk extender with glucose (G) and TRIS-citrate-egg yolk
with fructose (F) were used for this study. Extender G based solution was
prepared with 2.44% TRIS, 1.36 % citric acid, 0.82% glucose and 20 % (v/v) egg
yolk, 62.3 mg penicillin and 1mg streptomycin. Extender F based solution was
prepared with same materials except 0.82% fructose was used instead of glucose.
Both extenders were divide into two parts, part-A kept at 37°C and part-B with
7% glycerol kept at 4°C.

Semen samples (n=24) were divided into three fractions, one fraction was
centrifuged at 3500 rpm for 40 minutes to separate SP. Collected SP was
preserved at -20°C for biochemical and gel electrophoresis. Other two fractions
were diluted 1:1 with first part-A of F and G extenders and mix properly with
pippetting. Samples were grouped as G and F. Test tubes containing diluted
samples were placed in a glass beaker and placed in refrigerator at 4°C for 2 hrs
to be cooled. Equal volumes of part-B of extender F and G were added step wise
into cooled sample. Diluted sample was loaded into 0.25ml straws and kept at
4°C for 30 min. Before freezing cooled diluted sample were evaluated for motility

and HOST analysis. Straws were exposed over liquid nitrogen vapor for 5 min
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and then were plunged into liquid nitrogen for storage. For post-thawing

evaluation, straws were thawed in a water bath at 37 °C for 30 seconds.

2.6.3.b. Freezing with TRIS-citrate- fructose- egg yolk (T) and skim
milk (S) extender

Extender T consisted of TRIS (2.42% w/v), citric acid (1.36%w/v), fructose
(1%w/v), 20% (v/v) egg yolk, penicillin (100.000 IU) and streptomycin (100mg),
and divided into Part-A (without glycerol at 37°C) and Part-B (with 7% glycerol
at 4°C).

Extender S was prepared with skim milk powder (11%, w/v), egg yolk (5%,
v/v), penicillin (64.20mg) and streptomycin (100mg). Extender S was divided
into Part-E1 (without glycerol maintained at 37°C) and Part-E2 (with 7%glycerol

maintained at 4°C).

Semen samples (n=18) were divided into three fractions, one fraction was
centrifuged at 3500 rpm for 40 minutes to separate SP. Collected SP was
preserved at -20°C for biochemical analysis and gel electrophoresis. Other two
fractions were diluted 1:1 with part-A (T) and Part-E1 (S) extenders and mix
properly with pippetting. Samples were grouped as S and T. Test tubes
containing T samples were placed in a glass beaker, whereas tube containing S
samples were wrapped with paper, and then all samples were placed in
refrigerator at 4°C for 2 hrs (cooling rate-1°C/3min). Equal volumes of part-B and
part-E2 were added step wise into cooled sample T and B, respectively. Diluted
samples were loaded into 0.25ml straws and kept at 4°C for 30 min. Before
freezing cooled diluted sample were evaluated for motility and HOST analysis.
Straws were exposed over liquid nitrogen vapor for 5 min and then were
plunged into liquid nitrogen for storage. For post-thawing evaluation, straws

were thawed in a water bath at 37 °C for 5 min to assess post-thawed quality.
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Figure 2.13. Experimental design used for this study.

2.6.4. Post-thawed sperm assessment

Motility % was evaluated subjectively with phase contrast microscope.

2.6.4.a. Sperm viability assessment

100pl of thawed sample were diluted with 100ul of saline extender
(described for fresh semen) and 2ul of 6-CFDA, 2 pl of PI and 2 pl of
formaldehyde were added into sample ( adapted for alpaca frozen semen).
Stained samples were incubated at 37°C for 15 min in dark. At least 100 sperm

were counted with ultraviolet fluorescence microscope. Viable sperm% (CF+PI-
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,green), damaged sperm% (CF+PI+, green acrosome and red postacrosome) and

dead% (CF-PI+, red) (Figure 2.10) were recorded.

2. 6. 4. b. Hypo-osmotic swelling test (HOST)

5 ul of thawed semen was added into 30 pl of fructose-sodium citrate
solution (100 mOsm) and incubated for one hour at 37°C. 100 cells were counted
with phase contrast microscope at 40X. Sermatozoa with curled tailed was

considered as HOST+ve cell (Figure 2.11).

2. 6. 4. c. Apoptosis marker

150 pl thawed semen sample was taken in 0.5ml eppendorf covered with
aluminum paper and mixed with 50 ul 1X buffer and then stained with 1 pul 6-
CFDA (ImM dissolved in water). After 5 min 1ul Annexine VCy3 was added into
sample, mix properly with gentle moving and was incubated for 15 min in dark
at room temperature. 1ul formaldehyde (12%, w/v) (modified from Marti et al.,
2008). This staining procedure was adapted for alpaca semen, specially volume of
6-CFDA was reduced to avoid background color. Samples were controlled with
ultraviolet fluorescence microscope (Diaplan, Leitz) Viable cell% (CF+AN-,
without PS translocation, green), apoptotic positive cells% (CF+AN+, green
acrosome and dark/red postacrosome) and dead cells% (CF-AN+, dark) (Figure-

2.12) were recorded.

2.6.5. Biochemical analysis and gel electrophoresis

Biochemical analysis was performed with an automatic analyzer (Hitachi
Boehering Mannheim, 912 Automatic Analyzer) using specific kits. SP enzymes

such as alanine amino transfarase (ALT), alkaline phosphatase, glucose (Glu),
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total protein (TP), triglycerides (TG), cholesterol (Chol), calcium (Ca), sodium
(Na), potassium (K), magnesium (Mg), phosphorus (P) and chlorine (Cl) were

measured.

To identify and quantify Protein Profiles (PP) in alpaca SP, one dimensional
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed. Detail procedure was described in 2.3. Briefly PAGE was performed
with 16% polyacrylamide gels in the gel of separation according to Laemmli
(1970). Sample was diluted 1:20 with sample buffer. Total 15 pg protein was used
for each sample. Precision plus protein kaleidoscope standard (Bio-Rad) was
used to identify different protein bands. Protein standards was composed of
protein bands of different molecular weight, such as, 250 kDa, 150 kDa, 100 kDa,
75 kDa, 50 kDa, 37 kDa, 25 kDa, 20 kDa, 15 kDa e 10 kDa. Electrophoresis was
conducted at 75 V for 3 hrs with Power Pac Basic Power supply (Bio-Rad). Gells

were stained with Comassie Brilliant blue.

Gel images were processed with Sante Dicom Viewer Image ] program. Gel
bands density was measured and analysed to get total protein % (TP%) and

relative protein concentration (TP ).

2.6.6. Statistical analysis

One way ANOVA was performed where, treatment (S and T; F and G) were
considered as independent variables, and semen quality parameters, biochemical
and quantitative analysis were considered as dependent variables. Data were
presented as mean+SEM. P<0.05 value was considered significant in this study.
Besides Pearson's correlation indices are calculated for all the paramentrs

considered. All data were analyzed with Statistical software SIGMASTAT 2.03.
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CHAPTER 3. RESULTS

3.1. STUDY OF BIO-CHEMICAL COMPOSITION OF SP AND ITS
INFLUENCES ON FREEZABILITY OF RAM SEMEN.

3.1.1. Comparison of effects of different ejaculate types on semen
freezability in Sarda rams.

The results for the sperm parameters evaluated for fresh, cooled and thawed
semen are shown in Figure 3.1 and 3.2. Sperm motility showed substantial
variation, decreased significantly (P<0.05) post-thawing in all groups in respect
to fresh semen. Post-thaw motility did not differ significantly (NS) between first
(groups- F1) and second ejaculates (groups- S1) neither in terms of motility score
nor percentage of motile sperm. Similar observation was present between pool of
first and second ejaculates (group-P) and pool of ejaculates of different males

(groups-P1).
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D L
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Figure 3.1. Changes in motility% in different groups after cryopreservation. F1- first
ejaculate, S1- second ejaculate, P- pool of first and second ejaculate from a single ram, P1-
pool of first ejaculates from different rams.
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Figure 3.2. Changes in motility score for spermatozoa of different groups after
cryopreservation. F1- first ejaculate, S1- second ejaculate, P- pool of first and second
ejaculate from a single ram, P1- pool of first ejaculates from different rams.

In comparison to pool samples (P and P1) both motility score and the
percentage of motile spermatozoa differed significantly (P<0.05) in both single
ejaculate groups-F1 and S1. P1 displayed the highest value (40.5+3.2%) of motile
spermatozoa with motility score 3.5 and spermatozoa frozen in F1 depicting the
lowest value (24.2+1.6%). The result of this study reflected the fact that pool

ejaculates from individual ram could maintain good motility after thawing.

3.1.2. Effects of ejaculates on the freezability of spermatozoa and
the relationship with biochemical composition and Protein Profiles
(PP) of seminal plasma (SP) with semen quality and freezability.

3.1.2a. Effects of ejaculates on semen freezability

Table -3.1 shows values (mean+S.E.M) of seminal parameters of ejaculates
collected from different rams. The analysis of variance results reveal that ram had
a significant effect on semen parameters in comparison to ejaculates within ram.

Among four breeds, semen quality parameters were higher in Foza. In order to
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derive conformity among different assays we observed Pearson’s correlation

coefficient among different quality parameters (Table 3.2.).

Semen parameters varied whit ejaculate slightly in volume and
concentration whereas motility, viability and apoptosis free cells were
comparatively higher in second ejaculates thought this variations was

insignificant.

Table 3.1. Values (meantS.E.M) of seminal parameters of ejaculates collected

from different rams.

Ejaculate Alpagota Foza Padovana Lamone
Volume (ml) 1° 1.11+0.1 1.57+0.1 0.90+0.1 0.80+0.1
2° 0.92+0.12 1.44+0.1>  0.97+0.12 0.71+0.1°
Concentration 1° 4.18+0.2° 4.14+0.2 4.56+0.2 3.81+0.2
(X10%/ml) 2° 3.25+0.2*a  3.81+0.2ab  4.02+0.2>  3.7140.22P
Motility% 1° 73.462+3.32  83.57+4.5>  80.71+4.53> 77.144+4.53P
2° 73.0843.32  86.43+4.5> 85.83+4.9aP  81.43+4.5%P
° 64.63+3.5 73.34+4.8  69.66+4.8  64.43+4.8
HOST+ve?% 2° 64.53+3.5 73.50+4.8 7612452  71.51+4.8
CF+PI-% 1° 54.33+3.6 65.65+4.9  65.90+4.9  61.48+4.9
2° 60.4943.6 65.36+4.9  66.6845.2  64.96+4.9
CF+PI+% 1° 19.41+£2.52  21.11+3.5> 14.4943.5a>  21.85+3.5aP
2° 17.1242.5 20.11+£3.5  12.28+43.7  17.23+£35
CF-PI+% 1° 26.33+2.3 12.58+3.1  19.88+3.1  16.68+3.1
2° 22.37+£2.3 13.96+£3.1  21.04+3.4  17.81+3.1
CF+AN-% 1° 50.27+4.7 60.3846.3  50.67+6.3  54.40+6.3
2° 55.49+4.7 69.50+6.3  61.83+6.8  54.36+6.3
CF+AN+% 1° 23974292 24.164+3.90 32.34+3.9> 23.18+3.92
2° 19.66+2.9 16.51+£3.9  22.53+4.3  23.27+3.9
CF-AN+ 1° 25.76£3.1 16.88+4.2  17.00+4.2  22.410+4.2
2° 24.96+3.1 14.70+4.2  15.64+44.5  22.37+4.2

Different superscript letters indicate significant differences between animals, symbols
indicate difference between ejaculates within males.

HOST+ve%- percent of Hypo-osmotic swelling test positive sperm, CF+PI-
%- percent of viable sperm, CF+PI+%- percent of damaged sperm, CF-PI+%-
percent of dead sperm, CF+AN+%- percent of viable cells without translocated
PS, CF+AN+%- percent of apoptotic positive sperm, CF-AN+% percent of dead

cells either by necrosis or apoptosis.
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Table 3.2. Pearson’s correlation of different quality parameters of fresh semen.

HOST +ve CF+PI- CF+PI+ CF-PI+ CF+AN- CF+AN+

MOT 0.492** 0.457**  0.146 -0.572** 0.508**  -0.479**
HOST +ve 0.659** 0.161 -0.803** 0.609**  -0.668**
CF+PI- 0.211 -0.875** 0.604**  -0.702**
CF+PI+ -0.723** 0.277 -0.555**
CF-PI+ -0.829**  0.545**

CF+AN- -0.733**

According to the table 3.2, values of HOST+ve sperm and percent motile
sperm moderately correlated significantly (P<0.01) with viable sperm%. A strong
negative correlation was observed between damaged (CF-PI+%) and apoptotic
(CF+AN+%) cells with both apoptotic free viable sperm (CF+AN-%) and
HOST+ve sperm.

Regarding cryopreservation with two types of extender, (TRIS-based (T)
and skim milk based (S)), the ram effect was very marked in different
parameters. Differences in viability, apoptosis marker, motility % and HOST+ve%
sperm among different rams are presented in Figures 3.3, 3.4 and 3.5 respectively.
Whereas, Table 3.3 presents post-thaw semen quality parameter obtained from
different assays, and Table 3.4 presents post-thaw CASA kinematics parameters
in different treatment groups. Seminal parameters were higher in T-groups
irrespective of ejaculate types in comparison to S- groups, but these differences
was not significant among groups. Flow cytometric dot plot of fresh, viability
(CFDA/PI) and Annexin V assays (CFDA/AN) of frozen-thawed semen are
presented in Figure- 3.6, 3.7 and 3.8 respectively.
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Figure 3.3 Values of viability assay (CFDA/PI) of post-thaw spermatozoa in different
rams. CF+PI-%- percent of viable sperm, CF+PI+%- percent of damaged sperm, CF-
PI+%-percent of dead sperm
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Figure 3.4. Values of Annexin V assay (CFDA/AN) of post-thaw spermatozoa in
different rams CF+AN+%- percent of viable cells without translocated PS, CF+AN+%-
percent of apoptotic positive sperm, CF-AN+% percent of dead cells either by necrosis or
apoptosis.
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Figure 3.5. Percentage of post-thaw motile, progressively motile and HOST+ve sperm in
different rams.

To understand the accuracy in evaluation of quality parameters with
different assays, we examined Pearson’s correlations among semen parameters
presented in Table 3.3, and between CASA variables and semen quality
parameters presented in Table 3.4. Relation among between evaluation
parameters varied in magnitude from moderate to high, and from positive to
negative. Among quality parameters the relation between plasma membrane
intact sperms and percent of motile sperm were greater for post-thaw sperm than
that observed in fresh semen (Table 3.3). Significant (P<0.001) correlation
between viable sperm% (CF+Pl-, CF+AN-, HOST+ve) and motility% reveals
post-thaw sperm functionality depended on plasma membrane integrity.
Considering CASA kinetic values, percent of motile (Motility%) sperm and
progressively motile (Pro-Mo) were positively correlated with viable sperm%
populations. LIN% showed positive correlation (P<0.05) with damaged sub
populations (CF-PI+), in contrast VCL showed a positive correlation with
apoptosis free viable sperm (CF+AN-%). Other kinetic values showed no

significant relation with parameters of different assays.
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Figure- 3.6. Example of flow cytometric dot plot of fresh ram semen
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Figure 3.7. Example of flow cytometric dot plot of viability (CFDA/PI) of frozen-thawed

ram semen
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Figure 3.8. Example of flow cytometric dot plot of Annexin V assays (CFDA/AN) of

frozen-thawed ram semen
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Table 3.3. Post-thaw values (mean+S.E.M. ) of semen parameters with different assays in different groups.

Group HOST CF+PI- VLR CF+PI+ VUR CF-PI+ VUL CF+AN- ALR CF+AN+ AUR CF- AUL
+

15 18.1+6.1 12.5+£5.8 13.7£141 24.3+3.1 22.6+£102 63.1£7.3 63.2£13.2 12.3+4.2 244493 20.1+59 16.4£10.3 271.\;18.8 51.78+£11.5
1T 30.6+6.1 32.6£5.8 2431141 234431 1144102 43.9+73 63.0£13.2 256442 273491 135459 119459 60.9+8.8 63.6+11.5
25 13.1+6.1 14.5£5.8 32.9+14.1 26.4+3.1 10.8£10.2 59.1+£7.3 5594132 16.5+4.2 24.7+82 153+59 10.6£7.8 68.248.8 61.5%£11.5
2T 26.8+6.1 259458 29.8414.1 18.3+3.1 19.3+102 55.847.3 50.6£13.2 204+4.2 347488 214459 19.748.8 58.248.8 51.3+11.5
3S 35t6.1  23.9+5.8 30.4+14.1 27.0£3.1 17.7£102 49.1+7.3 51.6£13.2 209+4.2 47.2+63 19.1+59 25148.2 59.948.8 30.9+£11.5
3T 36.916.1 25.5+5.8 13.1+14.1 28.8£3.1 13.1£10.2 45.7£7.3 73.5+13.2 24.8+42 48.6£17.1 12.0£59 2.8£1.8 63.218.8 50.6+11.5
4S 16.2+6.1 13.1+£5.8 19.7£14.1 19.6£3.1 27.5%10.2 67.3+£7.3 38.1£13.2 13.4+42 2994132 18.0£59 9.8+3.1 69.0£8.8 59.6£11.5
4T 30.616.1 20.3£5.8 24.4+141 21.7#3.1 19.3£102 59.9+7.3 63.2£13.2 16.6+4.2 257484  16.7459 15.5%6.2 65.+8.8 65.7£11.5

S- skim milk extender, T- TRIS-based extender, 1- first ejaculate, 2-second ejaculate, 3-pool of first and second ejaculates with seminal
plasma, 4-pool of first and second ejaculates without seminal plasma; HOST+ve%- percent of Hypo-osmotic swelling test positive sperm,
CF+PI-/VLR%- percent of viable sperm, CF+PI+/VUR%- percent of damaged sperm, CF-PI+/VUL%-percent of dead sperm, CF+AN-
/ ALR%- percent of viable cells without translocated PS, CF+AN+-AUR%- percent of apoptotic positive sperm, CF-AN+-AUL% percent of
dead cells either by necrosis or apoptosis. CF indicates assessed by fluorescence microscope, A/V indicates assessed by flow cytometry.
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Table 3.4. Post-thaw subjective motility and CASA kinetic values (meantS. E. M. ) of spermatozoa in different groups.

Groups PTMo Motility Pro-Mo VAP VSL VCL ALH BCF STR LIN

1S 18.1+6.12 33.62+2.7 8.75+2.32 87.78+4.6 66.15+4.2 137.4147.6 16.40+1.1 15.39+0.9 73.50£1.6 49.25+2.1
1T 30.616.1b 40.18+£2.7 17.25+2.3b 91.284+4.6 63.68+4.2 152.2447.6 16.80£1.1 16.25+0.9 69.50£1.6 44.25+2.1
2S 13.1+6.12 38.98+2.7 7.25%2 32 91.60+4.6 68.56+4.2 141.34+7.6 17.25¢1.1 14.73+0.9 73.50+1.6 49.75+2.1
2T 26.916.1b 43.64+2.8 18.63+2.3b 89.63+4.6 65.10+4.2 141.05+7.6 12.46+1.1 16.81+0.9 72.88+1.6 50.00£2.1
3S 35.016.1b 37.71£2.7 14.63+2.3b 89.13+4.6 63.49+4.2 147.10£7.6 17.08+1.1 15.85+0.9 69.63+1.6 4475+21
3T 36.916.1b 44.30£2.7 15.13+2.3b 79.80+4.6 57.75+4.2 133.2947.6 14.1841.1 16.98+0.9 72.50£1.6 47.25+2.1
4S 16.316.12 26.36+2.8 12.75+£2.3 91.50+4.6 65.94+4.2 144.1047.6 17.05+¢1.1 15.94+0.9 71.13£1.6 47.50+2.1
4T 30.616.1b 38.56+2.8 10.13+2.32 75.91+4.6 58.30+4.2 119.09+7.6 9.91+1.1 14.41+0.9 77.88+1.6 52.00£2.1

Different superscripts indicate significant (P<0.05) difference among groups.

S- skim milk extender, T- TRIS-based extender, 1- first ejaculate, 2-second ejaculate, 3-pool of first and second ejaculates with seminal
plasma, 4-pool of first and second ejaculates without seminal plasma; PTMo%-post-thaw motility assessed by microscope, Pro-Mo-
Progressive motility %, VAP(Average path velocity) (um/s), VCL(Curvilinear velocity) (um/s), VSL(Straight linear velocity) (um/s),
ALH(Amplitude of lateral head displacement(um), LIN (linearity) (%), STR (Straightness) (%).
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Table 3.5. Pearson’s correlation coefficients of agreement between proportions of post-thaw semen quality parameters assessed
by different methods.

VUR VLR AUL AUR ALR MOT HOST+ve  CF+PI- CF+PI+  CF-PI+ CF+AN- CF+AN+ CF-AN+
VUL  0.588 -0.128 0.483** 0.359* -0.288  -0.533**  -0.519**  -0.507**  -0.0146 0.696** -0.560** -0.069 0.722%*
VUR -0.0926 0.692 0.653  -0.189 0.152 0.145 0.156 -0.205 -0.140 0.156 0.166 -0.308
VLR 0.220 0.580 -0.0188 0.081 0.553 0.325 -0.100 -0.0178 0.544 -0.0981 -0.0278
AUL 0.347**  -0.279 -0.440* -0.420**  -0.453**  -0.024 0.622** 0.449** -0.007 0.593**
AUR -0.102 0.358* 0.299* 0.314* 0.309 -0.452* 0.333* 0.073 -0.486*
ALR -0.334* 0.387* 0.352* -0.123 -0.203 0.394* -0.112 -0.207
MOT 0.642** 0.636** -0.071 -0.858** 0.628** 0.493 -0.869**
HOST +ve 0.673** -0.057 -0.917** 0.658** 0.668 -0.918**
CF+PI- -0.062 -0.944* 0.647** 0.099 -0.921**
CF+PI+ -0.267 -0.019 0.178 -0.0839
CF-PI+ -0.893** -0.222 0.636**
CF+AN- -0.017 -0.926**
CF+AN+ -0.359*

** (P<0.001) *(P<0.05)HOST+ve%- percent of Hypo-osmotic swelling test positive sperm, CF+PI-/VLR%- percent of viable sperm,
CF+PI+/VUR%- percent of damaged sperm, CF-PI+/VUL%-percent of dead sperm, CF+AN-/ALR%- percent of viable cells without
translocated PS, CF+AN+-AUR%- percent of apoptotic positive sperm, CF-AN+-AUL% percent of dead cells either by necrosis or
apoptosis. CF indicates assessed by fluorescence microscope, A/V indicates assessed by flow cytometry.
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Table 3.6. Pearson’s correlation coefficient between post-thaw seminal parameters and CASA kinetic parameters.

VUL% VUR% VLR AUL AUR ALR MOT% HOST +VE CF+PI- CF+PI+ CF-PI+ CF+AN- CF+AN+ CF-AN+

Motility -0.027 -0.127 -0.025 0.138 -0.089 -0.210 0.302*  0.422* 0.374* 0.149 -0.509*  0.424** 0.335 *-0.419
Pro-Mo -0.044 -0.170 -0.103 0.122 -0.008 -0.171 0.335*  0.458* 0.391* 0.188 -0.555**  0.440** 0.073 *-0.476
VAP -0.258* 0.678  0.101  0.564 -0.151 -0.379 0.440 0.184 0.190 -0.047  -0.199 0.252 0.174 -0.378
VSL -0.294 0149 0114 0.162 -0.135 -0.361 -0.107  0.528* 0.676* -0.222  0.135 0.108 0.206 -0.275
VCL -0.183 -0.005 0.082  0.691 -0.154 -0.253 0.101 0.218 0.224 0.663*  -0.306 0.295* 0.118 -0.369
ALH -0.222 0140 0.653  0.091 -0.249 -0.340 -0.185 -0.163 -0.251 -0.057  0.126 -0.147 -0.002 0.084
BCF 0587 -0.232 -0335 0.611 -0.007 0.517 0.117  0.003 -0.080 -0.104  0.086 -0.166 -0.177 0.151
STR(%) 0151 0.093 -0137 -0.138 0.526 0151 -0.215 -0.354 -0.292 -0.212  0.242 -0.399 -0.022 0.174
LIN(%) 0194 0113 -0.125 -0.154 0.660 0.074 -0.288 -0.363 -0.328 -0363  0.305* -0.406 0.110 0.170

** (P<0.001) *(P<0.05). HOST+ve%- percent of Hypo-osmotic swelling test positive sperm, CF+PI-/VLR%- percent of viable sperm,
CF+PI+/VUR%- percent of damaged sperm, CF-PI+/VUL%-percent of dead sperm, CF+AN-/ALR%- percent of viable cells without
translocated PS, CF+AN+-AUR%- percent of apoptotic positive sperm, CF-AN+-AUL% percent of dead cells either by necrosis or
apoptosis. CF indicates assessed by fluorescence microscope, A/V indicates assessed by flow cytometry. PTMo%-post-thaw motility
assessed by microscope, Pro-Mo-Progressive motility %, VAP(Average path velocity) (um/s), VCL(Curvilinear velocity) (um/s),
VSL(Straight linear velocity) (um/s), ALH(Amplitude of lateral head displacement(um), LIN (linearity) (%), STR (Straightness) (%).
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3.1.2.b. Relation of semen freezability and biochemical and Protein
Profiles (PP) of seminal plasma (SP)

SP contains different components such as macromolecules, proteins,
enzymes, energy profiles. Table 3.7. shows concentration of different biochemical

component of SP and Protein Profiles of SP in different males are summarized in

Table 3.8.

Table 3.7. Concentration of different biochemical component of SP

Ejaculate Alpagota Foza Lamone Padovana
Ca (mg/dl) 1° 13.44+1.5 13.38+1.72b 15.7542.020 23.13+2.2%°

2° 15.91+1.3 12.16+1.7 15.4242.5 15.21+1.8*
Cl (mEq) 1° 4.69+2.72 10.50+2.9° 2.5043.52 9.38+3.9°

2° 7.96+2.3 6.21£2.9 8.33+4.5 6.25+3.2
Mg 1° 6.72+1.10 7.41+1.18 6.18+1.4 8.06+1.7
(mg/dl) 2° 5.98+0.9 6.33£1.2 6.21£1.8 6.04+1.3
P (mg/dl) 1° 22.9743.6 21.96+3.8 19.25+4.5 20.00+5.0

2° 21.48+3.0 16.13+3.8 17.08+5.8 18.33+4.1
K (mEq 1° 35.4746.1 47.33+6.5 41.08+£7.7 38.38+8.6

2° 44.53£5.2 40.21+6.5 42.67+10.0 42.60£7.0
Na (mEq) 1° 164.38+10.5*" 171.36+11.22 165.00+13.3+" 200.00+14.8P

2° 185.23+8.9° 159.19+11.2b 191.67+17.1° 183.33+12.12
CHOL 1° 60.50+6.4 63.71+6.8 50.00£13.0 76.00+12.7
(mg/dl) 2° 59.14+6.8° 40.86+6.82 76.00£13.0b 80.40+8.0°
GLU 1° 3.0£0.4 2.57+0.4 3.00+0.8 3.00+0.8
(mg/dl) 2° 2.57+0.4 2.29+0.4 2.00£0.8 2.80£0.5
TP 1° 3.50+0.5 4.04+0.6 2.50+0.7 4.06+0.8
(g/dl) 2° 4.21+0.5 3.85+0.6 2.91+0.9 2.92+0.6
TG 1° 113.75+22.02 133.43+23.62 136.00+44.12 168.00+44.1P
(mg) 2° 80.57+23.6 102+23.62P 65.00+44.12 166.00£27.7°
GOT 1° 309.50+163.3 - 1057.00£326.5 7.00£326.5
(U171) 2° 3.43++174.5 - 4.00£326.5 2.80+£206.5
ALP 1° 9945.00£2527.4  13084.29+2701.9  21026.00£5054.7  8889.00+5054.7
(U1/1) 2° 7056.29+2701.9  6068.57+2701.9  10765.00£5054.7 10424.80+3196.9
LDH 1° 1240.75£563.4>  1797.71£602.32  2410.00£1126.8>  993.00+1126.8>°
(U1/1) 2° 2351.71£602.3°  2902.29+602.3 2974.00£1126.8  467.60+712.7*

Different superscript letters indicate significant differences between animals, symbols

indicate difference between ejaculates within males (P<0.05).
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Table 3.8. Protein Profiles of SP (relative protein concentration-mg/dl).

TP Ejaculate Alpagota Foza Padovana Lamone
TP1 1° 2.04+2.3* 3.26+2.6 3.20+4.0 2.96+3.1*
(100 kDa) 2° 1.3842.12* 3.25+2.62 4.0043.52 20.58+4.0v*
TPT2 1° 4.74+0.3 5.27+0.3 4.99+0.4 4.30+0.3
(75 kda) 2° 4.71+0.2 5.39+0.3 4.66+0.4 5.11+0.4
TP3 1° 4.09+0.4 5.07+0.5 5.57+0.7 4.42+0.6
(72 kDa) 2° 4.55+0.4 5.49+0.5 3.6£0.6 4.91+0.7
TP4 1° 4.04+0.5 4.93+0.6 5.94+0.9 4.63+0.7
(68 kDa) 2° 5.39+0.5 5.29+0.6 5.27+0.8 3.09+0.9
TP5 1° 7.12+0.52 4.7620.6° 6.98+0.9ab 4.16+0.7>
(50 kDa) 2° 7.46+0.52 3.61+0.6° 6.30£0.8P 6.3520.9ab
TP6 1° 8.88+2.1a* 9.2542.4a* 1.65+3.6* 3.38+2.8b
(45 kDa) 2° 0.44+1.9° 3.35+2.4° 6.66+3.1° 5.55+3.6
TP7 1° 3.16£0.6 2.67+0.7 2.50£1.1* 2.79£1.0
(37 kDa) 2° 2.11+0.6 3.82+0.7 4.54+0.1° 2.68+1.1
TP8 1° 2.79+0.62b 4.20£0.6 7.77£1.00 3.60£0.84P
(30 kDa) 2° 2.84+0.5 2.40+0.6 3.21+0.8° 2.62+1.0
TP9 1° 4.33+0.3 4.48+0.4 6.11+0.6 4.98+0.5
(25 kDa) 2° 4.70+0.3 4.90+0.4 4.70£0.5 5.98+0.6
TP10 1° 8.1840.52 5.80+0.5> 8.04+0-8ab 6.62+0.62>
(20 kDa) 2° 7.74+0.4 6.58+0.5 6.65+0.7 6.88+0.8
TP11 1° 9.49+0.6 7.42+0.7 8.57+1.1 7.83+0.8
(15 kDa) 2° 8.70£0.62 5.81+0.7> 7.09+01.12b 8.47+1.]ab

We observed marked male difference in the concentrations of SP
components rather than ejaculate differences. Among macro elements, Ca and Na
showed significant (P<0.05) difference within ejaculates and between males.
Significant variation also observed in Cholesterol (CHOL) and triglycerides (TG)
concentrations. Regarding protein or enzymes, only LDH was variable in
different males. On the other hand, same male different trend was observed in
relative protein concentrations (PP). We found 11 proteins bands on gel. Almost
all bands were present in SP of all males (Figure 3.9 a, b, ¢, d), except TP6 (45
kDa) was absent in both first and second ejaculate collected from Alpagota.
Among different PP, TP1 of 100kDa, TP5 (50 kDa), TP8 (37kDa), TP9 (25kDA)
and TP11(15kDA) were varied significantly (P<0.05) in different males.

122



Moreover, among different protein bands TP5 (50 kDa), TP6 (45kDa), TP10
(20kDa) and TP11(15kDa) concentration were higher.

It is note worthy to point out that our research objective was to study
relationship between semen quality and biochemical components of SP.
Therefore, we examined correlation coefficients among SP components and

semen quality in fresh semen and results are shown in Table 3.9. and Table 3.10.
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Figure 3.9a Quantitative protein composition of SP of Alpagota ram.

Figure 3.9b Quantitative protein composition of SP of Foza ram.
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Figure 3.9d Quantitative protein composition of SP of Lamon ram.
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Table 3.9. Pearson’s correlation coefficient of SP elements and fresh semen parameters.

GLU CHOL TG ALP LDH GOT Cl K P Mg Ca Na TP
VUL -0,358 -0,363 -0,136 0,536* 0,264 -0,423 -0,0486 -0,117 -0,624* -0,559* -0,14 0,192 0,27
VUR 0,136 0,215 0,093 0,074 -0,279 0,543 0,090 -0,019 0,559* 0,487* 0,186 -0,176 -0,124
VLR 0,296 0,099 0,297 -0,190 0,172 -0,095 0,381 -0,212 -0,547* -0,512* 0,266 0,143 0,384*
AUL -0,333 -0,466 -0,073 -0,375 0,139 0,135 0,0207 -0,478* -0,517* -0,486*  -0,132  -0,101 0,013
AUR 0,004 0,234 0,119 -0,158 0,236 0,244 0,0513 -0,363 -0,252 -0,289 -0,195  -0,297 -0,4
ALR 0,157 -0,320 -0,050 0,265 -0,149  -0,383 -0,004 0,513* 0,442* 0,448* 0,158 0,241 0,352*
MOT -0,223 -0,171 0,107 -0,267 0,007 -0,242 -0,169 -0,123 -0,189 -0,178 -0,145 -0,11 -0,292*
HOST +ve -0,191 -0,285 -0,074 -0,079 0,042 -0,140 -0,083 -0,163 -0,245 -0,266*  -0,121  -0,073 -0,281*
CF+PI- -0,073 -0,162 0,045 -0,032 0,107 -0,015 -0,247 -0,122 -0,273* -0,207 -0,102 0,007 0,289*
CF+PI+ 0,068 -0,009 -0,101 0,021 0,062 0,020 0,242 0,134 0,129 0,158 0,058 0,045 0,24
CF-PI+ 0,054 0,239 0,033 0,014 -0,206 0,007 0,114 0,042 0,251 0,132 0,11 -0,013 0,173
CF+AN- -0,220 -0,304* -0,199 0,054 0,115 0,109 -0,066 0,140 0,237 0,275 -0,174  -0,139 0,285*
CF+AN+ 0,377* 0,390* 0,478** -0,132  -0,208  -0,181 0,097 0,0033 0,052 0,134 0,131 0,020 0,143
CF-AN+ -0,045 0,073 -0,185 0,008 0,045 0,002 0,0325 0,21 -0,315* -0,293* 0,113 0,158 -0,266*
GLU-Glucose, CHOL-Cholesterol, TG-Triglyceride, ALP-Alkaline phosphatase, LDH- Lactose dehydrogenase, GOT- Glutamic

oxalotransaminase, Cl- Chlorine, K- Potassium, P-Phosphorus, Mg-Magnesium, Ca-Calcium, Na-Sodium, TP-Total protein.
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Table 3.10. Pearson’s correlation coefficient of PP and semen parameters

AUL AUR ALR MOT% HOST +VE CF+PI- CF+PI+ CF-PI+ CF+AN- CF+AN+ CF-AN+
TP1(100 kDa) 0,197 -0,164 0,030 -0,111 0,219 0,049 -0,044 -0,020 0,169 -0,161 -0,126
TP2(75 kDa) -0,261 -0,287 0,314 0,086 0,140 -0,006 0,011 -0,044 0,296* -0,276* -0,137
TP3(72kDa) -0,176 -0,306 0,412 0,145 0,116 0,067 -0,026 -0,092 0,174 -0,126 -0,107
TP4 (68kDa) -0,168 -0,240 0,355 0,076 -0,125 -0,158 0,035 0,152 -0,094 0,027 0,179
TP5(50 kDa) 0,376 0,193 -0,385 -0,056 0,087 -0,112 -0,028 0,210 -0,053 0,123 -0,083
TP6(45 kDa) -0,403 -0,296 0,437 -0,036 -0,019 0,070 0,079 -0,472* 0,002 -0,094 0,082
TP737 kDa) 0,390 0,216 -0,276 0,153 0,070 0,093 0,034 -0,154 -0,072 0,137 -0,003
TP8(30 kDa) -0,093 -0,100 0,031 -0,074 -0,112 0,107 0,044 -0,177 -0,160 0,151 0,113
TP9(25 kDa) -0,482* -0,167 0,347 -0,059 -0,083 -0,112 0,041 0,085 0,059 -0,188 0,135
TP10(20 kDa)  -0,197 -0,104 0,089 -0,006 0,044 -0,347**  -0,022 0,245 0,189 -0,271 -0,008
TP11 (15kDa) 0,206 0,186 -0,335 -0,068 0,016 -0,070 0,008 0,132 -0,303 -0,030 0,348
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Low to moderate but significant negative correlation was observed between
total protein, P, Mg, K with apoptotic free sperm subpopulation. On the other
hand, most of the elements Na, K, Ca, P, Mg also total protein were
insignificantly correlated with sperm motility. Among enzymes activities, GOT
and ALP showed a significant positive relation with damaged sperms.
Considering relation the energy profiles with semen quality, glucose,
triglycerides and cholesterol showed a positive and significant correlation with
apoptotic spermatozoa. Besides macromolecules, some protein bands such as TP2
(75kDa), TP6 (45 kDa) and TP9 (25 kDa) were negatively correlated with
damaged and dead spermatozoa indicating their action in maintaining sperm
viability. More important, TP2 was also correlated with apoptosis free viable

sperm values.

Table 3.11. Values of post-thaw epididymal sperm quality parameters in two

treatment groups.

Parameters T S

MOT 11.00+2.8 11.70+£2.9
HOST+ve 26.95+4.4 22.23+3.8
CF+PI- 23.22+3.8 20.91+£3.1
CF+PI+ 13.44+3.0 20.54+3.2
CF-PI+ 63.34+4.2 58.55+3.4
CF+AN- 19.85+3.3 19.3043.2
CF+AN+ 15.59+1.6 13.11+2.6
CF-AN+ 64.55+3.7 67.59+4.3
Pro-Mo 10.60+1.6 9.70£2.0
VAP 80.04+1.8 87.95+3.7
VCL 126.98+2.4 135.20%6.0
VSL 59.11+£1.5 66.29+2.9
ALH 16.0320.6 17.12+0.5
LIN 48.30£1.2 50.50+1.6
STR 73.60+0.9 74.10+1.4

We found 65.47+4.2 % viable sperm and 52.50+3.9 motility percentage for
the fresh epididymal sperm. There was not variations in different post-thawed
epididymal parameters. In comparison to post-thawed semen motility was lower
than viable cells. Regarding CASA kinematics parameters all CASA values were

slightly higher in S groups, although these variations were not significant.
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Table 3.12. shows the correlation between quality parameters and Table

3.13. shows relation between CASA kinematic and other paramenters considered.

Correlation coefficients among different parameters revealed a strong index

between different values, which was statistically highly significant (P<0.01).

Table 3.12. Pearson’s correlation coefficient among different sperm quality

parameters.

HOST+ve CF+PlI- CF+PI+ CF-PI+ CF+AN- CF+AN+ CF-AN+
MOT 0.067 0.141 0.018 -0.141 0.198 0.036 -0.179
HOST+ve 0.890** -0.052  -0.750** 0.929**  0.209 -0.862**
CF+PI- -0.343  -0.601** 0.892**  0.109 -0.778**
CF+PI+ -0.545**  -0.079 0.275 -0.086
CE-PI+ -0.730*  -0.331 0.768**
CF+AN- 0.065 -0.842**
CF+AN+ -0.593**
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Table 3.13. Pearson’s correlation coefficient between CASA kinetics parameter and other epididymal sperm quality parameters.

MOT Pro-Mo VAP VSL VCL ALH BCF STR LIN
MOT 0.411 0.472* 0.347 0.232 0.446* -0.306 0.179 -0.395 -0.354
HOST+ve 0.463* 0.484* 0.219 0.058 0.324 -0.262 0.033 -0.460* -0.389
PTMo 0.131 0.217 0.286 0.225 0.327 -0.142 0.087 -0.224 -0.191
PTHo 0.105 0.107 0.234 0.131 0.380 -0.268 -0.007 -0.343 -0.334
CF+PI- -0.081 -0.045 0.221 0.202 0.265 -0.162 -0.055 -0.174 -0.160
CF+PI+ 0.223 0.202 0.139 0.082 0.162 -0.171 -0.191 -0.059 0.002
CF-PI+ -0.117 -0.132 -0.316 -0.250 -0.374 0.290 0.212 0.206 0.142
CF+AN- 0.066 0.046 0.328 0.246 0.440* -0.340 -0.150 -0.364 -0.302
CF+AN+ 0.395 0.442* 0.261 0.115 0.353 -0.059 0.146 -0.316 -0.340
CF-AN+ -0.267 -0.276 -0.406 -0.261 -0.546 0.306 0.042 0.465* 0.427
MOT 0.977** 0.019 -0.329 0.391 -0.043 0.654 -0.887** -0.874**
Pro-Mo -0.002 -0.336 0.357 -0.028 0.720** -0.836** -0.851**
VAP 0.926** 0.895** 0.256 -0.426 -0.195 0.075
VSL 0.679** 0.201 -0.648** 0.163 0.409
VCL 0.193 -0.074 -0.578* -0.357
ALH 0.137 0.036 0.166
BCF -0.552** -0.717**
STR 0.939**
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3.2. Study of biochemical composition of seminal plasma and their

influences on quality and freezability of alpaca semen.

3.2.1. Diet effect on semen quality, biochemical composition and

Protein Profiles (PP) of seminal plasma in alpaca

There was a high variability in different parameters between alpaca males
subjected to the same diets throughout the study period. Changes in semen
quality parameters are shown in Figure 3.10., 3.11., 3.12, 3.13 and collection time,
BCS and testicular volume recorded in different periods are shown in Figure
3.14., 3.15, 3.16a,b. Within four periods, no significant changes in semen
collection time and viscosity parameter were observed in all males. Semen
volume slightly increased in last two periods, where significantly increased
(P<0.05) in Alpaca-1 during 4° period. A significant decline (P<0.05) in both
motility and concentration was noted in all alpacas when they were supplied
with sheep concentrates during 3°period and then increased significantly in 4°
period. Among five males, ejaculates collected from alpaca-5 were free of
spermatozoa all time. On the other hand, very low motility% was observed in
semen of alpaca-3 during four periods. Both motility% and concentration were

higher in ejaculates of alpaca-2 collected throughout the study period.

Neither right nor left testicular volume was affected with diets. In addition,
BCS increased significantly (I’<0.05) from 1° to 4° period (Figure 3.15.). Among
five alpacas, alpaca-4 had larger testicles and alpaca-1 had a good (BCS 3.25).
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EFFECT OF DIETS ON BIOCHEMICAL COMPOSITION OF SP

Changes in alpaca seminal energy parameters, total protein (TP)and
glucose are shown in Table 3.14. Regarding the energy profiles, triglycerides (TG)
and cholesterol (CHOL) concentrations reduced significantly from 1° to 4°periods
in four animals, in contrast increased significantly (I’<0.05) in SP of alpaca-5. On
the other hand, glucose (GLU) and total protein (TP) concentrations were not
influenced by diets significantly. Among five males, energy profiles were higher

in SP of alpaca-2 through the study period.

There was a significant effect (P<0.05) of diets on seminal enzymes
parameters. Enzymes concentrations in SP of Alpaca males are presented in
Table 3.15. GGT concentration was higher in SP of all alpacas collected during 2°
period and then declined significantly (P<0.05). Also, ALT and ALP
concentration decreased from 1° period to 4°period, except in alpaca-3 where

these enzymes levels increased in SP collected during 3° and 4° period.

Moreover, there was a wide variation in values in terms of enzymes
between alpacas irrespective of periods. ALP activities was higher in alpaca-1

and lower in alpaca- 4.
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Table 3.14. Energy profiles and total protein (TP) concentrations (mean+S.E.M. ) in Alpaca SP in four periods.

Period Alpaca
1 2 3 4 5

GLU 1° 1.67 +3.86 3.50+4.73 1.33 +3.86 3.00+4.73 2.00 + 3.86

2° 1.67 £3.86 3.50+4.73 1.75+3.35 2.00 + 3.35 2.50+4.73

3° 1.25+3.35 350+ 4.73 1.75+3.35 1.33 +3.86 250+ 4.73

4° 1.00 + 3.86 1.50+4.73 1.25+3.35 1.00 + 3.86 2.50+4.73
TG 1° 68.67 + 22.76*° 156.00 + 27.87° 16.67 + 22.76* 46.50 + 27.88*° 20.00 + 22.76*

2° 37.67 £ 22.76* 149.50 + 27.87° 48.50 £ 19.71* 97.00 £ 19.71*° 61.00 + 27.87*°

3° 5.00 £ 19.71* 122.00 + 27.87° 10.25 +19.71* 45.33 + 22.76*° 3.00 £ 22.76*

4° 6.33 £22.76 76.50 + 27.87 13.25+19.71 22.67 +22.76 57.50 +19.71
CHOL 1° 1.33+7.27 6.00 + 8.91 0.67+7.27 4.00 £ 8.91 1.67£7.27

2° 1.50 £8.91 450+ 891 233+727 3.00 + 6.30 1.50+8.91

3° - 3.00+£8.91 250+ 891 1.50+8.91 1.33+7.27

4° 0.50+8.91 1.50 +8.91 0.50+8.91 - 36.25 + 6.30

1° 5.67 + 3.34* 25.00 £ 4.09° 4.33 +3.34* 3.00 £ 4.09 * 2.67 + 3.34*
P 2° 3.00 £ 3.34* 23.50 £ 4.09° 8.50 + 2.89* 7.25 +2.89* 2.00 + 4.09*

3° 2.25+2.89 16.00 + 4.09 5.50 + 2.89 3.33+3.34 2.33+3.34

4° 2.33+3.34 17.00 + 4.09 5.50 +2.89 2.33+3.34 14.50 + 2.89

134



Table 3.15. Enzymes values (mean+S.E.M. ) in Alpaca SP collected during study periods.

Alpaca
Enzymes Periods
1 2 3 4 5
1° 476.33 £136.7 614.50 £ 167.54 93.00 +136.79 168.50 +167.54 169.00 +136.79
2° 308.33 +136.79 705.50 +167.54 370.33 +136.79 573.00 +118.47 187.00 £ 167.54
GGT 3° 94.25 +118.47 594.50 + 167.54 234.25 +118.47 398.00 +136.79 167.67 +136.79
4° 119.00 + 136.79 468.50 +£167.54 271.50 £118.47 199.00 +136.79 152.50 +118.47
1° 1842.33 + 284.28* a 1487.00 + 348.18*" 199.33 + 284.28° 234.50 + 348.18°" 441.67 + 284.28°"
2° 1145.67 + 284.28 ab 1546.00 + 348.18 392.00 + 284.28 998.50 + 246.20 301.50 + 348.18
ALP 3° 286.25 +246.20 b 810.50 + 348.18 456.00 *246.20 212.00 + 284.28 311.33 £284.28
4° 401.00 +284.28 b 690.50 + 348.18 463.25 + 246.20 96.00 + 284.28 226.50 * 246.20
1° 13.33 + 9.34* 7550 +11.44° a 6.00 + 9.34* 5.50 + 11.44* 8.33 £ 9.34*
2° 7.33 £ 9.34* 68.50 +11.44 °a 14.50 £ 8.09* 23.00 £ 9.34* 15.00 +11.44*
ALT 3° 2.25+8.09 950+11.44 Db 15.50 + 8.09 18.50 +11.44 12.00 + 9.34
4° 3.33+9.34 2250+11.44Db 13.75+8.09 2.67 £9.34 5.75+8.09

Different symbols indicate significant variation between males and letters indicate variation between periods (P<0.05).
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We did one dimensional polyacrylamide gel electrophoresis in 16% gel of
separation to study alpaca seminal Protein Profile. Assessment of the
electrophoretic profile of SP proteins showed a total of 8 bands between
molecular weights from 200-14.00 kDa. Surprisingly, all bands were not present
in all alpacas (Figure 3.17a,b,c,d.). Protein Profiles of SP in alpaca-2 differed from
other four males and showed protein fractions of 10-14kDa, whereas, protein
fractions of around TP7(21 kDa) was absent in this animal during the study
periods. Moreover, there were insignificant changes in the relative quantity of all
Protein Profiles during four periods, though marked variation was observed in
individual animals. Protein fractions of (TP3 ~60 kDa) were abundant. Changes

in values of PP are shown in Table 3.16.

WS Figure 3.17a. Effect of diet on the
quantitative protein composition of SP of Alpaca-1 obtained by 1-D SDS-PAGE
gel electrophoresis.

% 4 “  Figure 3.17b Effect of diet on the
quantltatlve proteln composition of SP of Alpaca-2 obtained by 1-D SDS-PAGE
gel electrophoresis.
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< W = %% Figure 3.17c. Effect of diet on the quantitative
protein composition of SP of Alpaca-3

Figure 3.17d. Effect of diet on the quantitative
protein composition of SP of Alpaca-4 obtained by 1-D SDS-PAGE gel
electrophoresis.

Figure 3.17e. Effect of diet on the quantitative
protein composition of SP of Alpaca-5 obtained by 1-D SDS-PAGE gel
electrophoresis.
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Table 3.16. Effect of diet on SP Protein Profiles observed in alpaca.

TP Period-1 Period-2 Period-3 Period-4

TP1 0.960.1 1.01£0.1 1.0740.1 0.97+0.1
(200 kDa)

TP2 1.0240.1 0.95£0.1 0.97+0.1 0.900.1
(97 kDa)

TP3 1.46£0.1 1.50£0.1 1.53£0.1 1.4740.1
(60 kDa)

TP4 0.290.03 0.33+0.03 0.30+0.03 0.32:+0.03
(45 kDa)

TP5 0.57+0.1 0.48+0.1 0.23+0.1 0.370.1
(45 kDa)

TP6 - - - -

(31 kDa)

TP7 - - - -
(21kDa)

TP8 0.200.1 0.55+0.1 0.71+0.1 0.650.1
(14 kDa9

Parameters for fresh semen collected from three alpacas used in this
experiment is presented in Table 3.17. and correlation coefficients among these
parameters are presented in Table 3.18. No significant correlation was observed
between semen collection time and semen quality parameters. Whereas, semen
volume showed a significant (P<0.05) negative correlation with semen motility
and viscosity (P<0.001). More importantly a positive very significant (P<0.001)
correlation observed between motility, cell viability, HOST+ve% and present of
apoptosis free subpopulation. Higher negative correlation was observed between

viscosity and sperm motility.

We studied the relationship between basic sperm parameters and SP
components. The summary of the parameters compared are presented in Table
3.23. Macromolecules Ca, K,P, Mg, Cl had positive correlation with sperm
quality, among which Ca, P, and Mg concentrations showed highly significant
(P<0.001) correlation with sperm motility %, viability and apoptosis marker free
sperm population, In contrary, Na concentration correlated negatively with
spermatozoa quality parameters, though correlation was statistically

insignificant. All most all ion concentrations were correlated positively with
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semen viscosity, but correlation was highly significant (P<0.001) for Mg and Ca.
Besides, significant (’<0.001) correlation was observed between semen volume
and Na concentration in SP. Furthermore, negative correlation between Ca, P,
Mg, K and non-viable or apoptotic cells observed this in this study indicated their

possible role in maintaining sperm plasma membrane integrity .

Table 3.17. Values of alpaca fresh semen parameters.

MEAN+SEM

CL TIMEM 15.88+0.4
VOL 3.31+0.4
MOT % 33.34+3.9
CONCx10° 58.75+8.5
VIS 1.73+0.1
HOST+VE 40.42+3.0
CF+PI” 46.7915.0
CF+PT* 16.09+2.3
CF-PI* 33.02+4 .4
CF+AN~ 37.81+5.7
CF+AN* 30.45+4.8
CF-AN* 25.91+3.84
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Table 3.18. Pearson correlation coefficients for alpaca fresh semen quality parameters and semen collection time.

VOL. MOT% CONC.X10°¢ VIS HOST+ve CF+PI- CF+PI+ CF-PI+ CF+AN- CF+AN+ CF-AN+

C. TIME 0,134 0,181 -0.0966 0.346 0,220 0,126 -0.233 -0.505 0,615 -0.433 -0.0119
VOL. -0.450* -0.346 -0,356** -0.172 -0.375 -0.0601 0,106 -0.311 -0.158 0,107
MOT % 0,338** -0.783*** 0,508*** 0,500** -0.0945  -0.469 0,484** -0.270 -0.296
CONC.X10¢ -0.389* 0,258 0,406 -0.177 -0.338 0,283 -0.113 -0.124
VIS 0.662** 0.804** -0,463 -0,263 0.647* -0,608 -0,079
HOST+ 0,638*** -0.0982  -0.317 0,497** -0.162 -0.0540
CF+PI- -0.0760  -0.352 0,508** -0.199 0,501
CF+PI+ 0,216 0,097 0,294 -0.0714
CF-PI+ -0.305 0,372 0,355
CF+AN- -0.460 -0.273
CF+AN+ 0,303
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Table 3.19. Quantitative (absolute and percentage) values of PP obtained by 1
DPAGE

TP MEAN+SEM
TP1 0.20+0.11
TP1% 3.24+1.8
P2 3.13+0.2
TP2% 33.47+1.6
TP3 0.97+0.3
TP3% 12.96+3.2
TP4 4.29+0.3
TP4% 45.81+2.3
TP5 0.76+0.2
TP5% 8.95+2.3
TP6 1.70+0.2
TP6% 22.3543.0
TP7 1.80+0.3
TP7% 22.07+3.3
TP8 2.16x0.3
TP8% 31.36+4.7

Table 3.20. Biochemical parameters of fresh alpaca SP.

MEAN+SEM
Cl(mEq) 81.77£12.0
K(mEq) 25.98+1.4
P(mg) 2.26+0.3
Mg(mg) 6.06+0.7
Ca(mg) 25.01+2.4
Na(mEq) 247.34+12.5
TP(g) 1.43+0.3
GLU(mg) 1.23+0.3
CHOL(mg) 1.61+0.24
TG(mg) 56.71£11.1
ALP(u) 191.16+30.8
LDH(u) 56.13+43.8
GOT(u) 2.13£1.2

Results regarding function of SP total protein and enzymes showed that
Total protein, ALP and GOT had positive correlation with semen viscosity and
sperm quality, where total protein concentration showed a positive relation with
semen viscosity and sperm quality in terms of volume, apoptotic free population
and cell viability, and this relation was statistically highly significant (I’<0.001).

In this study, observation was similar in terms of relation of LDH and glucose
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with semen quality parameters. Both correlated negatively with semen volume,
and viable cell populations, though this relation was not significant. Data on
semen volume,SP proteins or energetic profiles revealed an insignificant negative
correlation between them. Although, CHOL and TG were correlated
insignificantly with sperm viability, absence or presence of apoptosis marker, a
significant negative correlation (P<0.05) were observed between semen volume

and CHOL.

Table 3.21. Correlation coefficients between quality parameters with
macroelements of SP.

Cl K P Mg Ca Na

VOL. 0,515 -0.0511 -0.314 -0.340 -0.0647 0,387**
MOT % 0,078 0,324 0,298* 0,450** 0,326* -0.167
CONC.X10s -0.0493 0,567 0,167 0,155 -0.0341 -0.170
VIS 0.0646 0.137 0.297 0.567** 0.445* -0,075
HOST+VE 0,210 0,335 0,191 0,317* 0,240 0,086
CF+PI- 0,253 0,199 0,263 0,421* 0,184 -0.119
CF+PI+ -0.307 -0.287 -0.215 -0.172 0,120 -0.215
CE-PI+ -0.482  -0.0650 -0.285 -0.396 -0.418 0,608
CF+AN- 0,161 0,256 0,242 0,428* 0,327 0,270
CF+AN+ -0.228 -0.273 -0.246 -0.357 -0.129 -0.309
CF-AN+ -0.222  -0.0281 -0.0986 -0.178 -0.501* 0,200
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Table 3.22. Relation of total protein(TP), energy profiles and enzymes of SP with

semen quality parameters.

P ALP LDH GOT GLU CHOL TG
VOL. -0.282 -0.214 -0.0852  -0.0889 -0.0532  -0.493* -0.298
MOT % 0,444** 0,29 -0.0319 0126 -0.102 0,143 0,103
CONC.X10¢e 0,098 0,251 -0.0411 0,131 -0.0926 0,156 0,163
VIS 0.445* 0.484*  0.001 0.222 0,076 0.178 0.211
HOST+VE 0,251 0,225 -0.0995 -0.0148 -0.154 0,296 0,583
CF+PI- 0,367 0,342 0,206 0424 -0.174 0,326 0,164
CF+PI+ 0,365 -0.325  -0.258 -0.202 0,128 -0.303 -0.352
CF-PI+ -0.398 -0.348  -0.116 0,688 0,315 -0.132 0,551
CF+AN- 0,426* 0,201 0,174 0,155 0,676 0,275 0,070
CF+AN+ -0.370 -0.295  -0.273  -0.0192 0.00968 -0.260 -0.107
CF-AN+ -0.168 0,399 0,081 -0.218 0,079 0,676 0,181
Table 3.23. Values of post-thawed alpaca semen quality parameters.
Group CF+PI- CF+PI+ CF-PI+ CF+AN-  CF+AN+ CF-AN+
G 15.14+£2.4 15.2612.2 64.8414.7 12.01£2.1  10.78+2.0 68.41+5.5
F 19.45+1.6 15.78+£1.9 60.61+2.1 21.03£21.0 16.56+3.4 62.70+4.8
T 14.17+£1.9 10.59+£2.0 75.25+2.1 12.21+1.8  15.56+2.8 72.23+4.1
S 18.07+£3.3 10.91+2.6 66.9516.1 15.1443.1 9.7+23 7517447
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Figure 3.19. HOST+ve % in pre-freezing and post-thawing alpaca semen
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Figure 3.20. Motility (%) in pre-freezing and post-thawing alpaca semen
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We used four diluents for cryopreservation. During cooling sperm motility
and viability with HOST value were evaluated and motility decreased in all

groups.

Pre-freezing and post-thawing viability and motility are presented in
Figure 3.19 and 3.20. Whereas cell viability was not as affected as motility during
cooling stage. Decreased motility% and HOST+ve% sperm were observed in

group T. Consequently, after freezing thawing motility and viability decreased
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significantly (P<0.05) in all groups (Table 3.19). Surprisingly, percentage of viable
cells (HOST+ve, CF+PI) and apoptosis free viable (CF+AN-) sperm were higher
than motility in all groups. Values of viability and Annexin V assay are
presented in Table 3.21. Percentage of viable sperm were relatively higher in F
group and lower values of seminal parameters are observed in groups T and G.
These results revealed that extender with fructose can maintain post-thaw sperm

viability better.

We examined correlations between cooled semen quality with SP

components (Table 3.24. and 3.25).

In F group, P, Mg, Ca, Na, TP showed a positive correlation with
percentage of motility % and HOST+ve% sperm and this relation was statistically
insignificant. Significant(P<0.04) negative correlation was observed between

semen volume, viscosity and sperm motility.

In group G, only significant(P<0.05) correlation was observed between P
and motility. Whereas in group T and S, moderate but significant(P<0.001)
correlation existed between P, Mg, Ca, TP and motility. There was no significant
correlation between SP elements and HOST+ve sperm% in cooling stage.
Considering the relation between PP ant semen quality, insignificant relation was

observed.

TP2(Kda) and TP3 (KDa) showed a significant correlation with sperm

motility and apoptosis cells.

In F group positive correlation observed between Na and motility % and a
negative correlation observed between glucose and HOST%. A positive

correlation observed between TP6 (75 kDa) with apoptosis cells.

For Dbetter screening of the relationship between post-thaw semen
parameters and SP components we observed correlation coefficient in different

groups and results are shown in Table 3.26., 3.27., 3.28., 3.29., 3.30., 3.31., 3.32,,

3.33. No significant relation was observed between post-thaw semen characters

145



and SP components in groups F, T, G. In group S, we found significant
correlation (P<0.05) between sperm motility and TP, Mg, K, P, Chol, TG. These
elements also showed a positive correlation with apoptotic cells (CF+AN-). On
the other hand, TP showed a positive correlation with apoptosis free viable cells

as we observed in case of fresh alpaca semen.
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Table 3.24. Pearson’s correlation coefficient between cooled semen quality parameters and SP components in four groups

Cl K P Mg Ca Na TP GLU CHOL TG ALP LDH GOT

MOT% -0.052  -0.161 0.161 0.328 0.280 0.108 0.288 -0.158  -0304  -0.031 0.141 -0.175 0.476
HOST+VE  -0.185 0.173 0.228 0.292 0.132 0.193 0.149 -0.364 0.611 0.122 0.074 0.469  -0.0723

MOT % -0.038  -0.248  0.554* 0.351 0.349 0.184 0.364 0.324 -0.118  -0.276 0.278 -0.153 0.288

G

HOST+VE -0.187 0.226 -0248 -0151 -0177 -0120 -0.188  -0.328 0.301 -0.249  -0361  -0.088  -0.119

MOT % 0.269 0.378 0.435*  0.580** 0.503** -0.271  0.588**  -0.156 0.381 0.151 0.328 0.258 0.177

HOST+ve -0.015 0.436 0.191 0.134 0.078 0.192 -0.176 0.122 -0.064 0.167 -0.053 0.108

MOT % 0.126 0.403  0.488* 0.573** 0506 -0375 0.636** -0.233  0.447*  0.229 0.299 0.314 0.181

HOST+ve  0.259 0.094 0.209 0.328 0.292 -0.355 039  -0.0646  0.131 0.001 0.281 0.084 0.091
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Table 3.25. Pearson’s correlation coefficient between cooled semen quality parameters and SP Protein Profiles four groups.

TP1 TP2 TP3 TP4 TP5 TP6 TP7 TP8
MOT % -0.396 0.641 -0.241 0.330 -0.036 -0.345 0.076 0.092
HOST+ve -0.433 0.145 0.079 0.235 0.326 -0.270 0.088 -0.304
MOT % -0.394 0.107 -0.263 0.360 0.260 -0.238 -0.031 -0.051
HOST+ve -0.116 -0.220 0.674* -0.075 0.111 0.095 -0.220 0.102
MOT % -- -0.196 0.407 -0.175 -0.367 0.106 -0.262 0.192
HOST+ve -- 0.169 0.180 0.226 0.648 -0.147 -0.425 -0.088
MOT% -- -0.195 0.490** -0.213 -0.146 0.664 -0.334 0.133
HOST+ve -- 0.303 0.190 0.316 -0.196 -0.183 -0.319 -0.319

148



Table 3.26. Pearson’s correlation coefficient between post-thaw semen quality parameters and SP components in F-group.

Cl K P Mg Ca Na TP GLU CHOL TG ALP LDH GOT
MOT % -0.0250  -0.0410  -0.152 0.146 0.101 0.364 0.113 -0.182 0.203 -0.138 0.090 -0.285 -0.151
HOST+ve -0.240 -0.231 -0.166 0.050 0.121 -0.058 0.424 -0.240 0.249 0.174 0.106 -0.059 -0.065
CF+PI- -0.160 -0.103 0.240 0.082 0.501 0.609 0.097 -0.249 0.209 0.650 0.098 -0.201 0.263
CF+PI+ -0.213 -0.190 0.071 0.733 -0.006 -0.222 0.638 -0.105 0.120 0.094 0.378 0.176 -0.040
CF-PI+ 0.317 0.628 0.192 0.566 0.087 -0.145 0.476 0.098 -0.270 0.009 -0.071 0.417 -0.019
CF+AN- 0.085 0.113 -0.111 0.458 0.149 0.185 -0.016 -0.300 0.530 -0.332 -0.146 -0.061 -0.099
CF+AN+ -0.188 0.073 -0.084 -0.057 0.085 -0.069 -0.089 -0.314 0.438 0.09 -0.299 -0.035 -0.210
CF-AN+ -0.385 -0.143 0.307 0.154 0.113 -0.212 0.159 0.133 -0.258 0.165 0.249 0.460 0.107
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Table 3.27. Pearson’s correlation coefficient between post-thaw semen quality parameters and SP Protein Profiles in F-group.

TP1 TP2 TP3 TP4 TP5 TP6 TP7 TP8
MOT % -0.330 0.125 -0.0587 0.303 -0.121 -0.0940 -0.240 -0.052
HOST+ve -0.396 0.375 0.157 0.235 0.181 -0.450 -0.361 -0.372
CF+PI- -0.272 0.213 0.235 0.093 0.177 -0.229 -0.225 -0.427
CF+PI+ -0.060 -0.147 -0.184 0.173 0.366 0.270 -0.321 -0.054
CF-PI+ 0.203 0.213 0.527 -0.126 -0.212 -0.201 0.286 0.094
CF+AN- -0.144 0.453 -0.0896 0.111 -0.183 0.126 0.222 -0.305
CF+AN+ -0.114 0.145 -0.123 0.153 0.159 0.665* 0.247 -0.301
CF-AN+ -0.196 0.442 0.092 0.264 0.184 -0.357 -0.144 0.201

Table 3.28. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP components in G-group.

Cl K P Mg Ca Na TP GLU CHOL TG ALP LDH GOT
MOT % -0.0350  -0.0410  -0.142 0.126 0.111 0.264 0.113 -0.182 0.303 -0.118 0.090 -0.185 -0.121
HOST+ve -0.289 -0.231 -0.166 0.070 0.121 -0.0585  0.424 -0.240 0.249 0.174 0.106 -0.059 -0.065
CF+PI- -0.160 -0.103 0.240 0.082 0.501 0.609 0.097 -0.249 0.209 0.650 0.098 -0.201 0.263
CF+PI+  -0.423 -0.190 0.071 0.433 -0.006 -0.222 0.638 -0.105 0.120 0.094 0.378 0.176 -0.040
CF-PI+ 0.417 0.628 0.192 0.566 0.087 -0.145 0.476 0.098 -0.270 0.009 -0.071 0.417 -0.019
CF+AN- 0.085 0.113 -0.111 0.658 0.149 0.185 -0.016 -0.300 0.530 -0.332 -0.146 -0.061 -0.099
CF+AN+ -0.188 0.073 -0.084 -0.057 0.085 -0.069 -0.089 -0.314 0.438 0.009 -0.299 -0.035 -0.210
CF-AN+ -0.385 -0.143 0.307 0.154 0.113 -0.212 0.159 0.133 -0.258 0.265 0.249 0.660 0.107
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Table 3.29. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP Protein Profiles in G-group

TP1 TP2 TP3 TP4 TP5 TP6 TP7 TP8
MOT % -0.330 0.125 -0.0587 0.303 -0.121 -0.0940 -0.240 -0.0529
HOST+ve -0.396 0.375 0.157 0.235 0.181 -0.450 -0.361 -0.372
CF+PI- -0.272 0.213 0.235 0.093 0177 -0.229 -0.225 -0.427
CF+PI+ -0.0602 -0.147 -0.184 0.173 0.366 0.270 -0.321 -0.0542
CF-PI+ 0.203 0.213 0.527 -0.126 -0.212 -0.201 0.286 0.094
CF+AN- -0.144 0.453 -0.089 0.111 -0.183 0.126 0.222 -0.305
CF+AN+ -0.114 0.145 -0.123 0.153 0.159 0.665* 0.247 -0.301
CF-AN+ -0.196 0.442 0.092 0.264 0.184 -0.357 -0.144 0.201
Table 3.30. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP components in T-group.
Cl K g M Ca N T G CH T A L G
M 0.4 0.1 - 0.5 0.2 0.0 0.0 0.2 - 0.3 - - -
HO - 0.0 0.0 0.1 - - 0.1 - 0.26 0.1 0.1 - -
CF - 0.0 0.1 0.1 - - 0.1 0.2 0.24 0.2 0.6 0.3 0.2
CF - - - - - 0.1 0.2 - 0.00 0.1 - 0.6 -
CF- 0.0 - - - 0.1 0.2 - 0.1 - - 0.6 - 0.1
CF - 0.2 0.1 0.1 0.5 - 0.1 - 0.30 0.1 0.6 0.4 -
CF 0.0 0.0 - - - 0.1 - - 0.15 - - - -
CF- 0.4 - - - 0.4 - - 0.3 - - 0.1 0.1 0.1
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Table 3.31. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP Protein Profiles in T-group.

TP1 TP2 TP3 TP4 TP5 TP6 TP7 TP8
MO - -0.042 0.453 -0.177 -0.275 0.314 0.553* -0.013
HO - -0.110 0.288 -0.029 0.305 -0.218 -0.423 0.002
CF+ -- -0.371 0.426 -0.217 -0.058 0.250 -0.237 0.158
CF+ - -0.092 -0.096 -0.125 0.185 0.131 -0.058 -0.041
CF- - 0.197 -0.297 0.150 -0.152 -0.152 0.126 -0.107
CF+ -- -0.038 0.246 -0.001 0.319 -0.226 -0.454 -0.009
CF+ -- -0.218 -0.059 -0.097 0.242 -0.078 -0.113 0.093
CF- - 0.116 -0.119 0.467 -0.447 0.108 0.196 -0.089

Table 3.32. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP components in S-group.

Cl K P Mg C Na TP G CH TG A L G
MOT % 0.1 0.4 0.56 0.47 0. - 0.47 - 0.53 0.52 0. 0. -
HOST 0.2 0.3 0.43 0.44 0. - 0.48 0. 0.39 0.36 0. 0. 0.
CF+PI- 0.2 0.3 0.48 0.47 0. - 0.47 0. 0.42 0.45 0. 0. -
CF+PI 0.2 - - - - - 0.40 0. - - - - -
CF-PI+ - - - - - 0.3 - - - - - - 0.
CF+A 0.1 0.2 0.40 0.44 0. - 0.50 0. 0.34 0.30 0. 0. 0.
CF+A 0.2 0.4 0.49 0.45 - - 0.36 0. 0.56 0.50 0. 0. 0.
CF- - - - - - 0.3 - - - - - - -
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Table 3.33. Pearson’s correlation co-efficient between post-thaw semen quality parameters and SP Protein Profiles in S-group.

T TP2 TP3 TP4 TP5 TP6 TP7 TP8

-- -0.348 0.421 -0.284 -0.241 -0.0719 -0.153 0.299
HOST+VE - 0.154 0.285 0.185 0.115 -0.203 -0.433 -0.152
CF+PI- - 0.072 0.340 0.114 -0.215 -0.154 -0.287 -0.024
CF+PI+ -- 0.216 -0.189 0.328 -0.158 -0.385 -0.082 -0.078
CF-PI+ - -0.381 0.199 -0.276 0.201 -0.023 -0.056 0.210
CF+AN- - 0.074 0.366 0.087 -0.137 -0.037 -0.410 -0.044
CF+AN+ -- -0.034 0.240 0.097 -0.175 -0.387 -0.127 0.106
CF-AN+ -- -0.053 -0.514 -0.150 0.122 0.149 0.229 -0.045
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CHAPTER 4. DISCUSSION

4.1. STUDY OF BIO-CHEMICAL COMPOSITION OF SP AND ITS
INFLUENCES ON FREEZABILITY OF RAM SEMEN.

4.1.1. Comparison of the effects of different ejaculate types on
semen freezability in Sarda ram.

The main objective of semen analysis was to study the effect of the post-
thaw quality in terms of freezability of different ejaculates using two parameters
of sperm function, namely motility% and motility score. In routine laboratory
test, post-thaw motility is considered as a valid test to valuated sperm quality
from the point of view of cells functionality (Leboeuf, 1989). As expected,
freezing-thawing process resulted in a drastic decrease in sperm motility. The
mid piece and tail involved in the generation and propagation of tail movements
is more vulnerable in ram spermatozoa during cryopreservation. Moreover, loss
of motility is mainly related to a decrease in energy supply by the mitochondria
due to ATP depletion and lipid peroxidation of the plasma membrane (De
Lamirande and Gagnon, 1993). Some studies have demonstrated that post-
thawing sperm survival is independent of pre-freezing motility (Fernandes et al.,
1990) and sperm viability and motility do not necessarily have a good correlation

(Valcircel et al., 1994).

In the present study, no significant variations in sperm quality parameters
was observed between first and second ejaculates, though it has been reported
that the second ejaculates have the best quality parameters (Ollero et al., 1996).
Generally, for cryopreservation, pool of first and second ejaculates from different

sires (Sanchez-Partida et al., 1999) or three first ejaculates (Abdelhakeam et al.,
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1991) have been used, We observed that post-thaw semen quality was better in
both pooled groups. This reflected the fact that pool of different successive
ejaculates within ram could maintain the heterogeneity of spermatozoa. The wide
variability of the biochemical components and properties of SP, even in
successive sampling (Zedda et al., 1996) may be attributable to this response and
comparatively higher quality values in pooled semen may be resulted from
combined action of SP of ejaculates on spermatozoa. Results from this basic study
let us to study biochemical composition in SP and their relation with semen

preservation.

Cryopreservation process causes detrimental changes in sperm structure
and function due to thermal, mechanical, chemical and osmotic stresses (Watson,
1995). It produces homogenous sperm samples which lead to a loss of functional
versatility and capacity to respond to different situations reducing fertilizing
capacity of spermatozoa (Ollero et al., 1998). Studying the causes of ejaculates
variation in freezability would be helpful for cryoprotective strategies to improve
post-thaw semen quality in order to establish the semen sample more suitable to

freezing for the possible constitution of a sperm bank.

4.1.2. Effects of ejaculates on the freezability of spermatozoa and
the relationship with biochemical composition and Protein Profiles
(PP) of seminal plasma (SP) with semen quality and freezability.

The availability of semen quality semen results from the coordinated action
of normal spermatogenesis, proper maturation during epididymal transit and
composition of SP (Goeritz et al, 2003). The consideration of these
interrelationship could allow the understanding of physiological changes of
frozen-thawed spermatozoa. Therefore, our objective was concentrated on to
study the relationship between sperm freezability and SP biochemical
composition. We used two modern assays to evaluate sperm plasma membrane

integrity (CFDA/PI) and plasma membrane architecture (CFDA /AN - apoptosis
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marker) along with classical semen quality parameters to observe post-thaw

semen quality inters of freezability.

In the present study, motility and viability, were significantly decreased
after freezing and thawing procedure and an approximate reduction of 50% was
observed in sperm viability and of 40% in sperm motility. We found 35-45%
motile sperm in post-thaw sample. Motility value was lower than that of,
reported by D’ Alessandro et al. (2003) who observed about 60% post-thaw motile

sperm using TRIS-based extender.

CASA findings on progressive motility revealed that progressive motility
was markedly affected than individual motility (Figure 3.5). Anel et al (2003)
also have similar observation and proposed that the physiological basis for
progressive motility is more sensitive to cryobiological damage. Generally,
flagellum of an activated sperm generates a symmetrical, lower amplitude
waveform that drives the sperm in a relatively straight line. In contrast, the
flagellar beat of hyperactivated sperm becomes asymmetrical with higher
amplitude, results in circular or figure-eight trajectories (Yanagimachi, 1994).
This kind of motility is mainly observed in freez-thawed spermatozoa indicating
cryopreservation induced capacitation like process. It is well known that
cryopreservation impaires cell structures (Watson, 1995). Changes in active
transport and permeability of cell membrane in tail region, damage to axonemal
elements, loss of mitochondrial structure and alteration in ATP production
(Watson, 1995) might be responsible for altered flagelllar waves. Capacitated
spermatozoa additionally have more rapid forward motility and greater lateral
head displacement. It is, therefore, possible that using maximal sperm motility

for formulating media for freezing semen may favor capacitated spermatozoa.

Computer Automated Sperm Analysis (CASA) has been introduced in the
laboratory routine to improve the accuracy of data collection, to avoid errors due

to subjective evaluation of different technicians and to reduce lime in the exam
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performance (Amman and Hammerstedt, 1993). Results of CASA motility
analysis are dependent on the type of equipment and the setting of the CASA
instrument (Holt et al, 1994, 1996). . Specific motility characteristics related the
quality of fresh or frozen ram semen is somewhat undefined. No international
standardization in equipment settings has yet been implemented. Likewise,
margins or threshold levels used to define sperm subpopulations vary between
laboratories. In human spermatozoa, VCL+150pm/s, LIN < 50% and ALH max#+7.

Oum, are considered as hyperactivated motility (Mortimer et al., 1998).

To evaluate plasma membrane integrity we used fluorescence staining and
hypo-osmotic swelling test (HOST). HOST appears to be a better indicator of cell
membrane integrity than supravital stains because HOST reflects the biochemical
activity required by the membrane to establish osmotic equilibrium (Neild et al.,
1999). We found that spermatozoa having good motility did not show intact
plasma membrane at the same level of motility in this study. This finding is in
agreement with Valcércel et al. (1994) who stated that spermatozoa having good
motility showed membrane damage. Salamon and Maxwell, (2000) have also
stated that motility is preserved better than the morphological integrity of
spermatozoa. Very recently, Moce et al., (2010) have proposed a technical cause
of the discrepancy between the percentage of plasma membrane intact sperm and
total motile sperm observed in most of these experiments (approximately 15%
fewer plasma membrane intact sperm than motile sperm) and stated that the
dilution process (4. 5 fold dilution) for the sperm viability evaluation induces
osmotic stress to cell membranes, leading to membrane damage in some extent.
Therefore, the functional integrity of plasma membrane should be evaluated and
it has been found to be a better predictor of the fertilizing capacity of
spermatozoa than motility in ram and bull semen (Vazquez et al., 1988 ;Correa

and Zavos, 1994)

Considering the Annexin V assay for translocated PS, our results showed
20-35% apoptotic cells in fresh semen. This number is lower than that reported by

Marti et al. (2008) who found 40% apoptotic cells in fresh sperm. Presence of
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apoptotic cells in fresh ejaculate may be the remainders of an earlier abortive
apoptotic population (Martin et al., 2004) and incidence of cells with translocated
PS indicates viable sperm subpopulation with altered membrane function that
will eventually undergo necrosis. The percentage of apoptotic cells was reduced
to 13-20% in different treatment groups after freezing and thawing. Moreover, we
found an increased tendency towards a higher percentage of dead spermatozoa
either from necrosis or apoptosis. There is lacking of constant data regarding fate
of apoptotic cells after cryopreservation ion of ram spermatozoa. In one study
with ram semen, Ivanova-Kicheva et al. (2005) have observed both increased and
decreased values of two types of diluents. However, our result is in contrast with
some earlier findings in bulls (Anzar et al., 2002), human (Paasch et al., 2004) and
boar (Pena et al., 2003), which revealed presence of increased number apoptotic
sperm after cryopreservation. Cryopreservation induces a major increase in both
types of necrotic cells. This difference among human, bull and ram semen can be
explained by the higher sensitivity of ram spermatozoa to cryopreservation,
compared to human and bull spermatozoa. Increasing number of dead cells and
decreased apoptotic free viable cells might indicate the sensitivity of apoptotic
cells to cryopreservation and simultaneously, cryopreservation induced
apoptotic marker in new group of post-thaw live sperm. Increased Annexin-V
binding in thawed spermatozoa probably results from plasma membrane
damage incurred during freezing and thawing (Guthrie and Welch, 2005) and
could be associated with increased exposure to ROS as the spermatozoa become
increasingly isolated from the antioxidant and ROS-scavenging activity of SP
(Aitken and Krausa, 2002; Muratori et al., 2003). It has been noted in humans
spermatozoa that ROS level has a positive correlation with the extent of apoptotic
sperms.. Translocation of PS also occurred during sperm capacitation, due to
bicarbonate dependent changes in order for the spermatozoa to undergo the
acrosome reaction to fertilize an oocyte (Harrison and Gadella, 2005). Further
study is essential to find out the relationship of freeze-thawed induced apoptosis-

like changes with sperm capacitation in ram semen.
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In contrary, in a study with ram spermatozoa, Muller et al (1999) did not
observe any apoptotic cells in live population of both fresh and freez-thawed
spermatozoa and reported the presence of Annexin- V positive cells only in dead
sperm population. PS is almost completely oriented to the cytoplasmic leaflet of
intact spermatozoa, and is maintained by ATP-dependent aminophospholipid
translocase . Muller et al., (1999) proposed that despite a reduction in the activity
of the aminophospholipid translocase during cryopreservation process in intact
cells it is capable of maintaining the asymmetric distribution of the

aminophospholipids to a some extent.

Crystal ice formation during cryopreservation has been claimed for
freezing induced membrane damage (Watson, 2000) In addition, Martin et al
(2006) have proposed that alteration in membrane integrity might be dual effects
of ice information and freezing induced apoptosis like changes. They have
observed a sequential appearance of apoptotic characteristics in bull sperm
during the cryopreservation process,; a decrease of the mitochondrial membrane
potential immediately after dilution in the cryopreservation medium, caspase
activation after equilibration and changes in membrane permeability after the
complete freezing/thawing process. Therefore, the evaluation of sperm
membranes with apoptosis marker is an appropriate indicator of the success of
cryopreservation since sperm membranes are extremely susceptible to cryoinjury

(Park and Graham, 1992; Holt and Modrano, 1997).

In our observations, results from the correlation coefficient values among
different quality parameters is very promising. There was a very significant
(P<0.001) relation between CF+PI- and CF+AN-. Several studies revealed a
moderate correlation between the proportions of HOST positive and vital stain
positive sperm (Correa and Zavos, 1994; Zou and Yang, 2000). In contrast, some
researchers also reported a low or insignificant correlation between HOST and
other vital stain results (Esteves et al., 1996; Neild et al., 1999). Moreover, the
percentage of HOSt+ve spermatozoa was significantly correlated with motility %

and progressive motility, but not with kinetic parameters VAP, VSL, or LIN in
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our study. This results are in agreement with that of Anel et al. (2003). In
contrary, Mandan et al (2003) observed a positive correlation between HOST+ve

spermatozoa and kinetic parameters in buffalo spermatozoa.

The percent of HOST+ve sperm was higher than viable sperm without
apoptotic marker, although both shared a very significant (P< 0.001) correlation
between them. This findings can be supported by the observations of Martin et
al., (1995) who proposed that during the early phases of disturbed membrane
function, asymmetry of the membrane phospholipids occurs, before the integrity
of the plasma membrane is progressively damaged (Martin et al, 1995).
Moreover, our study revealed a significant (P<0.001) negative correlations
between motility % and dead sperm, although a positive relation was observed
between motility % and damaged sperm. In contrast, Januskauskas et al., (2003)
found no relation between cell viability parameters and Annexine-+ve positive
cells in post-thaw bull spermatozoa. Studies on this aspect in small ruminant is
very scanty. It can be hypothesized, that Annexin-V binding assey, represent
subpopulation of spermatozoa that have a reduced life span in vivo, could
provide information for predicting the outcome of cryopreservation, as observed

in case of human spermatozoa.

Regarding the extender effect, with the Skim milk extender the reduction in
quality parameters in all S groups was even greater than with TRIS extenders (T
groups). But, there was no significant difference in post-thawed sperm quality
parameters in both extenders. Molinia et al. (1994) showed that TRIS-
monosaccharide solutions gave the highest in vitro protection during the freeze-
thawing process, as long as iso-osmolarity was maintained. The reduction of
post-thaw sperm quality with milk extender might be related with the interaction
of milk caseins and SP proteins. In a recent study, Bergeron and Manjunath,
(2006) have reported that milk proteins such as casein micelles interact with BSP
proteins. However, this difference between extenders might suggest that the
TRIS based extender provides greater protection to spermatozoa and this

variation might also result from the action of egg yolk as a cryoprotectant. Egg
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yolk volume differs greatly in these of extender (TRIS contains 20% and milk
extender 5%). Egg yolk low-density lipoprotein fraction (LDF) or phospholipids
could merge with the sperm membrane, replacing some of the sperm
phospholipids and, thereby, decreasing their phase-transition temperature (De
Leeuw et al., 1993) and protect sperm membrane from cold shock damage
(Graham and Foote, 1987). Phospholipid-mediated mechanism of egg yolk
protection to sperm plasma membrane would be related to an increase of
cholesterol and phospholipids ratios in the sperm led to decrease cold shock

(Parks et al., 1981).

Among different treatment groups, all semen parameters were
comparatively lower in goups 4S and 4T prepared with pool of centrifuged
spermatozoa and frozen without SP. This group was included to augement the
accuracy of our objective to study SP effect. Apart from elimination of SP
centrifugation could be deleterious by itself, either by causing mechanical
damage or by inducing generation of ROS and peroxidation of the sperm plasma
membrane, as suggested in human (Parinaud et al., 1997). In comparison among
groups pool of first and second ejaculates with SP showed comparatively higher
values of quality parameters irrespective of diluents. Similar finding was
observed in our first experiment where we found that pool of two ejaculates
could maintain better post-thaw semen quality in Sarda rams. Moreover, the
results of our study detected variation in post-quality semen parameters
between, males, which supports previous findings of Watson, (1995) and Holt (
2000) who have stated inter-male variability as a source of variation in sperm

freezability.

4.1.2.a. Biochemical composition and Protein Profiles of SP
Cryopreservation induces cold shock, oxidative stress, cryoprotectant

toxicity, intracellular ice crystal formation, and fluctuations in osmotic pressure

(Watson, 1995; Isachenko, 2003) resulting in sperm plasma membrane alterations,

thereby, leading to a reduction in sperm heterogeneity. An ejaculate consists of
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heterogeneous sperm subpopulations, produced from different spermatogenic
waves, matured and stored in epididymes as different cell cohorts, therefore,
they yield different outcomes in a single treatment (Rodr1’guez-Marti nez(, 2006).
Response of spermatozoa to these induced insults depends on sperm inherent
intrinsic and extrinsic factors. Sperm samples from a unique male and with
similar sperm parameters have different post-thaw sperm survival patterns
(Meseguer et al., 2004). The susceptibility of the sperm to cryodamage during the
freezing process related with sperm intrinsic factors such as saturated vs.
unsaturated fatty acids, together with low cholesterol content (White, 1993). A
part from the extrinsic factors regarding technical procedure of cryopreservation,
sperm contact with SP is also important, since SP can alter sperm properties. SP is
a complex biological fluid, consisted of ions, Proteins, lipid, enzymes, energy
substrate, hormones, cytokines, secreted from rete testis, epididymis and
accessory sex glands (AGs) of the male reproductive tract (Mann and Lutwak-
Mann, 1981). Recent years biochemical estimates of SP are also used for semen
evaluation, since semen characteristics alone are not completely satisfactory for
semen appraisal in the current practice of commercial Al (Ashwort et al., 1994;

Barrios et al., 2000).

In this experiment, biochemical components of SP varied ejaculates (NS),
and with individual, specially Ca, Na, cholesterol, triglycerides, and LDH varied
significantly (P<. 05) with male (Table 3.7). Zedda et al. (1996) studied
biochemical composition of SP in Sarda ram and some values of glucose, Ca, Mg,
P, were higher in our case, in comparison to their observed value. Previous
studies showed that the source of lipid components in SP might be epididymes
and spermatozoa itself and their concentration varied with ejaculates (first
ejaculate contain higher amount that the second ejaculates ( Igbal et al., 1984). In
our case, such difference was less marked. Studies regarding SP components
other than protein fractions are very limited in small ruminant. Moreover,
discrepancy between different units it also makes difficult to compare our
parameters with others. The composition of SP is determined by the size, storage

capacity and secretary output of different organs of the male reproductive tract
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and properties can be modified by seminal enzymes, sperm metabolism and the
interaction of seminal constituents with sperm surface (Mann and Lutwak-Mann,

1981).

Correlation coefficient between semen quality parameters revealed some
interesting features. Negative but significant correlation observed between all
post-thaw semen motility and HOST+ve% parameters and total protein, K, Mg,
P, Cholesterol, triglycerides were observed. More importantly, total protein, K, P,
Mg showed negative significant (’<0.01) relation with apoptosis free viable
sperm. TP, Na, K, Ca, and Mg in SP exert osmotic balance and are components of
many important enzymes (Cevik et al, 2007) and maintained spermatozoa
function (Mosaferi et al., 2005). Kaya et al (2002) have observed a negative
correlation between sperm motility and Na and K concentration. Studies with
human spermatozoa have shown that high sodium or potassium concentration in
SP may induce spontaneous lipid peroxidation of the sperm membrane ( Love at
el., 2005). K is a natural metabolic inhibitor and higher K concentration in SP
decreases sperm metabolism thereby, decreasing sperm motility (Massényi et al.,
2003). Several studies reported relation total of total protein with fresh semen
quality (Ashworth et al., 1994, Barrios et al., 2000). In addition, Barrios et al.
(2000) also reported that the freezability of semen is positively correlated with
total protein content in SP. However, variation in the relation of these
components with different sperm action may indicate the complex interaction of

these components on osmolarity imbalance.

Seminal enzyme such as GOT, ALP were positively correlated with
damages or dead cells. This finding corresponds well with the reports of Sirat et
al., (1995). Transaminases are located primarily in the midpiece of spermatozoa
(Mann and Lutwak-Mann, 1981). ALP is a dephosphorylating enzyme has been
reported in SP of all animals and is involved in sperm glycolytic reactions and
fructose formation (Mann, 1964) and the measurement of these enzymes from SP
is considered to be a sensitive indicator of the plasma membrane damage and

altered membrane functions, which may occur due to inadequate epididymal
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maturation associated with increased semen collection frequency (Sirat et al.,
1995). Although, Ca, Na, LDH considered important for sperm function, their
correlation with semen quality were not significant. Regarding the energy
profiles of SP, glucose, cholesterol and triglycerides were correlated positively
with apoptotic population. Meseguer et al., (2004) have demonstrated that an
increase in both the intracellular and extracellular cholesterol concentrations in
human sperm and SP is related with reduced survival rate during the freezing
process. Presence of lipids in SP is important because of the ability of sperm cells
to take up lipid components or fatty acids from the surrounding environment
under determined circumstances (Cerolini et al., 2001). Besides, the transfer of
proteins through sperm surface is modulated by the distribution of lipids along
the membrane (Parks and Graham 1992). In this given circumstances, SP lipid
favors peroxidation and lead to ROS production, which has a detrimental effect
on sperm damage as well as induction of apoptosis like changes (Guthrie and

Welch, 2005). Indeed, this hypothesis needs further confirmation.

Although the composition of SP can influence membrane stability, but
studies on the effect of SP compounds on sperm function are contradictory (Bass
et al, 1983). The role and ions channels in regulating sperm function has
remained somewhat elusive. Interaction between spermatozoa and the
surrounding medium is a crucial factor affecting sperm surface heterogeneity
(Ollero et al., 1997), thereby, sperm function largely depend on the period of time
that sperm are exposed to different fluids during epididymal transit, at
ejaculation, diluents and fluids of the female reproductive tract. The effect of SP
on ejaculated spermatozoa during the cryopreservation process has been studied
by using different plasma removal techniques such as semen dialysis and
centrifugation . Results have also been variable in these cases. Among different
biochemical components, researches are mainly concentrated on SP protein parts.
Several studies have described SP protein’s function in the maintenance of
plasma membrane stability (Desnoyers and Manjunath,1992), motility (Henricks
et al., 1998; Sanchez-Luengo et al.,, 2004), capacitation (Therien et al., 1998),

sperm-egg interaction and fertilization (Yanagimachi, 1994).
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In our study with 1-D PAGE, we found total 11 protein bands (Figure 3.9 a,
b, ¢, d) and almost all corresponded with Protein Profiles described by (Bergeron
et al,, 2005; Cardozo et al.,, 2006; Marco-Jimenez et al. (2008). Among these
proteins, TP5 (50 kDa), TP6 (45kDa), TP10 (20kDa) and TP11(15kDa)
concentration were higher. In a recent study with ram semen, Marco-Jimenez et
al. (2008) have observed that around 80% of the total relative SP protein is
represented by four protein fractions of molecular weight around 15 kDa, 21 kDa,
24 kDa and 50 kDa, and our finding correspond well with this observation. In
addition, some proteins fraction such as,TP1 of 100kDa, TP5 (50 kDa), TPS8
(37kDa), TP9 (25kDA) and TP11(15kDA) were varied significantly (P<0.05) with
male (Table 3.8 ). In ram, previous studies have showed mostly two groups of
proteins, one is aSFP (acidic seminal fluid protein) spermadhesins (12-15 kDa)
(represent ~45% of total protein) (Teixeira et al.,, 2002) and another groups
include heparine binding RSPs(ram seminal proteins) such as RSP- 15 kDa, RSP-
16 kDa, RSP-22 kDa and RSP-24 kDa (represent ~ 20% of the total protein)
(Bergeron et al., 2005). Spermadhesins secreted from seminal vesicles (Teixeira et
al., 2006) exert an energy-preserving effect by restricting motility and protect
sperm against lipid peroxidation maintaining the viability of spermatozoa

(Schoneck et al., 1996).

Correlation coefficient between SP proteins and post-thaw semen quality
revealed some interesting features. We found a moderate but significant (P<0.01)
negative correlation between viable cells (CF+PI-) and TP10 of 20 kDa. RSP of 20
kDa is known to have protective effects against cold-shocked and can recover
membrane integrity of spermatozoa (Perez-Pe et al., 2001b). In addition, RSPs
share heparin and phosphorylcholine-binding properties and are thought to be
involved in, first, sperm membrane stabilization (Barrios et al. (2005) as a
“decapacitating factor”, and later in membrane destabilization inducing
phospholipid and cholesterol efflux from the plasma membrane for preparation
of capacitation, similar to homologous BSPs (Bovine seminal Proteins) (Thérien et

al., 1998, Manjunath and Thérien, 2002; (Villemure et al., 2003). Negative
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correlation of TP10 (20 kDa) with viable cells may indicate their participation in

capacitation process, but this hypothesis needs further confirmation.

On the other hand, some protein fractions such as TP2 (75 kDa), TP6 (45
kDa) and TP9 (25 kDa) were negatively correlated (P<0.05) with damaged and
dead spermatozoa. More importantly, TP2 (75 kDa) showed a positive relation
(P<0.05) with apoptosis free viable cells and negative correlation (P<0.05) with
apoptotic cells (Table 3.10.). We are not aware of literatures presenting similar
results or functions of these proteins. Many studies (Barrios B et al.,, 2000,
Mortimer and Maxwell, 2004; Domi'nguez et al., 2008; Leahy et al., 2010) have
reported a beneficial effect of addition of SP post-thaw sperm viability and
motility and proposed that this action might be resulted from the stabilizing and
protective action of some proteins of low molecular weight (15 to 25kDa). Jobim
et al. (2004) reported a differences in SP Protein Profile from bulls with low and
high semen freezability. On the basis of their study, the acidic protein of (13-16
kDa ) could be used as markers of high semen freezability and protein of 25-26

kDa could be a marker of low semen freezability in bull.

However, observed correlation in our experiment strongly suggests future
studies on proteins of high molecular weight. In addition, these findings would
be of very important in improvement of media using directly protein fractions to
maintain higher apoptosis marker free viable sperm subpopulation in
cryopreserved semen. Previous research showed a seasonal effects on SP proteins
composition and their action (Cardozo et al., 2006). The ability of ram SP proteins
to repair and protect spermatozoa against cold-shock is somehow dependent on
the season of the year (Pérez-Pe et al. 2001a). Barrios et al. (2000) and (Dominguez
et al (2008) have reported that addition of SP collected during winter or autumn
significantly improves total and progressive motility of frozen-thawed ram
spermatozoa. In addition, our findings revealed a significant ram variation in SP
Protein Profiles which implies an importance of individual males during

selection of good or bad freezer.
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Sperm response to SP components varies with some factors duration of
exposure time, handling and method of sperm preparation (washing; Perez-Pe et
al, 2001) and presence and absence of natural and artificial media. The
improvement of semen cryopreservation techniques requires in depth knowledge
of the gamete physiology and the biochemical processes occurring during semen
collection, processing, and freeze-thawing. Our findings hypothesize that SP
composition should be considered as a determinate of good freezer and the
characterization of “freezability” markers can help in the prediction of post-
thawing results, which would be a useful tool in the selection and recruitment of

semen donors introduction.

The composition of SP, therefore, is one factor that determines the
suitability of individual rams for semen cryopreservation. Further studies will be
necessary to clarify a possible physiological role of ions or organic molecules
present in SP in the determination and regulation of semen quality, possibly
secretary products of accessory sex glands. Moreover, the role of SP composition
in the regulation of sperm functions should also be taken into account in the
preparation of medium during assisted reproductive techniques in order to

preserve and possibly enhance sperm fertilizing ability.

4.1.3. Characteristics of post-thawed epididymal spermatozoa
collected from endangered sheep breeds in Veneto region.

The aim of this experiment was to study the post-thaw quality of
epididymal sperm collected from Veneto sheep breeds. This study was
conducted adjunct with second experiment to compare the sperm characteristics
devoid of fluid secreted from accessory sex glands, with ejaculates contained

whole SP.

We found 50-50% motile and 62-65% HOST+ve caudal epididymal sperm

which were much lower than that of ejaculates. After cryopreservation with TRIS
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and skim milk based extenders, all quality parameters were decreased and there
was no variation among results from two different extenders. In a study with
ram epididymal sperm, Ehling et al. (2006) have observed around 79.7+ 0.1%
motile sperm fresh sample and post-thawing motility 60.5%, which was much
higher from our observation. In their study, sperm treatment was different and
they used Salamon’s one step freezing medium, which might be a cause of this
variation. When, correlation coefficient is observed, motility%, HOST+ve %,
viable sperm% showed very significant positive correlation (P<0.001) between

them, compared with results obtained from ejaculated spermatozoa.

Reports on epididymal sperm are very conflicting. Morris et al. (2002) have
stated that in vivo fertility of spermatozoa from cauda epididymis tends to be
lower than that of ejaculated spermatozoa in cattle and sheep and these
differences might be resulted from cell surface characteristics and low motility of
epididymal spermatozoa. In stallion, Heise et al. (2010) have observed that
exposure of epididymal spermatozoa to seminal plasma during harvesting from
the tail of the epididymis increased the fertilising ability of epididymal
spermatozoa. Some studies have also revealed no improvement in freezability or

fertility of epididymal spermatozoa (Morris et al., 2002; Moore et al., 2005).

Our study reveals that epididymal spermatozoa does not possess similar
characteristics of post-thaw ejaculated spermatozoa when undergo same
treatment. Due to the significant changes that take place during the sperm
maturation process, epididymal and ejaculated sperm would have different
responses to various cryobiological stressors (Varisli et al., 2009). It is well
documented that ejaculated spermatozoa differ from epididymal spermatozoa in
pH (Hammerstedt et al, 1979), respiration, adenosine triphosphate synthesis and
consumption (Cascieri et al, 1976), heparin-binding sites (Nass et al, 1990), and
the profile of proteins bound to the plasma membrane ( Dostalova et al, 1994;
Calvete et al, 1996) and epididymal spermatozoa seem to be more resistant to
cold shock (Johnson et al., 1980). Upon ejaculation, spermatozoa expose to fluid

secreted form accessory sex glands and several beneficial proteins adsorbed onto
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sperm surface. It is known that these proteins play an important role in the
pprevention of premature activation during physiological transport of
spermatozoa and stabilization of the plasma membrane with capacitation
inhibitors (Desnoyers and Manjunath, 1992; Villemure et al., 2003). In bull, it was
demonstrated that epididymal sperm retrieval using SP is beneficial to enhance
sperm overall and progressive motility characteristics and to protect it from

morphological abnormalities derived from the freezing process (Guerrero, 2006).

However, we did not examine the effect of SP on post-thaw epididymal
sperm quality, which deserves an extensive research area. Optimal
cryopreservation of epididymal spermatozoa would have great importance in the
preservation of endangered species biodiversity. Therefore, further study is also
needed to address how different components, secreted from accessory sex
glands, alter the function of epididymal spermatozoa and thereby, it will help to

understand the fate of seminal components in artificial media.

The precise nature of active constituents of SP that can help to improve
post-thawed semen quality and fertility remains as a promising area of
investigation. Proper understanding of beneficial effects of SP treatment for post-
thawed spermatozoa could explore new approaches for cryopreservation, such
as, widespread utilization of SP from vasectomized males, which can reduce
extensive dilution of SP with commercial diluent media or can increase

utilization of specific SP proteins to improve the function of semen extenders

4.2. Study of bio-chemical composition of seminal plasma and their
influences on quality and freezability of alpaca semen.
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4.2.1. Diet effect on semen quality, biochemical composition and
Protein Profiles (PP) of seminal plasma(SP) in alpaca.

Reproductive performance is the culmination of many complex and
integrated anatomic, developmental, physiologic, and behavioral processes and
there is apparently a strong underpinning between nutritive status and
reproductive performance (Van Saun, 2008). Various interactions between
nutrition and reproduction have been the subject of numerous research in large
ruminant. This would be necessary to understand the effect of different food
intake and as consequence for optimizing the supply of nutrient in alpacas. There
is few and fragmented information on the effects of diets on semen quality of
alpaca. Therefore, this study was designed to determine the effect of diet on SP
composition and semen quality. To our knowledge, there are no studies in male

alpaca, based on diets, comparing the effect on reproductive function.

Data from our study revealed considerable animal to animal and week to
week variations with regard to seminal attributes. Considerable variation in
semen quality parameters in individual male was observed in the experiment,
agreeing with previous reports on male variation (Buendia et al. 2002; Flores et

al. 2002; Vaughan et al. 2003; Giuliano et al.,2008).

In the present study, the average time of semen collection by artificial
vagina was 9-20 min. This confirms previous reports of the duration of semen
collection in alpaca ( 10-20 min) reported by Brwon (2000). No significant changes
was observed in collection time and mating length was some how constant for
individual. Similar observation was reported by Tibary et al. (1999). The length of
copulation is determined by the male and is affected by breed, age, season and
frequency of use (Tibary et al. 1999). The effect of extended mating time on semen
quality cannot be ignored in alpaca. The extended collection time results in
semen being exposed to latex, high temperatures and atmospheric conditions
leading to change in the ratio of the constituents and altering semen osmolarity

and pH (Morton et al., 2010). Type of rubber in artificial vagina and length of
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time semen stays in contact with the liner is said to have great effect on
individual motility of spermatozoa (Deen and Sahani, 2000). During the study
period, ejaculate volume ranged from 1-7 ml. This confirms previous report on

alpaca semen volume ranged from 0.4 to 12.5 ml by Garnica et al. (1993).

Regarding the consistency of semen, the viscid nature of semen was
specific for individual alpaca and did not change with diet. The degree of
viscosity varies between males (Tibary et al. 1999) and decreases with increasing
number of ejaculates on any day (Bravo et al.,1997b). The viscous nature of SP is a
result of the presence of mucopolysaccharides from secretions of the
bulbourethral glands or the prostate (Garnica et al.,, 1993), referred to as
glycosaminoglycans; GAGs) which are made up of 95 % long chain
polysaccharides and 5 % protein (Morton et al., 2009). Recent studies with human
semen have demonstrated that the existence of a highly organized network of
disulphide bonds, oligosaccharide and peptide chains in SP is responsible for the
rheological characteristics of ejaculates with high viscosity and these molecules,
that would be responsible for the hyperviscous rheological behavior, could be a
key factor in sperm physiology and in sperm motility (Mendeluk et al., 2000).
Viscous SP plays as reservoir for spermatozoa and the entrapped spermatozoa
within viscous SP may be an adaptation in alpaca to ovulation, which occurs 36 h

after copulation (Garnica et al., 1993).

A foam layer was found in most viscid ejaculate. Foam formation during
ejaculation is well reported characters for camelids specially, when semen
collected with artificial vagina (Ferre et al. 1996; Vaughan et al. 2003; Giuliano et
al. 2008) and may result from males retrieving and reinserting their penises into

the collection container (Ratto 2005).

Sperm concentration varied 20 to 240 million/ml which is slightly higher
than that reported previously in this species (30,000 up to 150 million per ml)
(Bravo 1995; Garnica et al. 1995; Gauly and Leidinger 1996). Such wide variations
are attributed to differences in males, semen collection methods and ejaculate

number (Tibary and Memon 1999). There was a marked decrease in sperm
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concentration during 3° and 4° period when animals were allowed to pasture
grazing and supplemented with sheep and horse concentrate respectively. In the
mean time, changes in testicular size was less marked. This findings does not
correspond with previous reports where authors observed a correlation between

sperm production and testicular size in camelids (Tibary et al. 1999, Galloway

2000).

The motility of individual samples ranged between 5% and 80 %
demonstrating high levels of variation between males, while the mean motility
was low (< 35 %). The average sperm motility is within range (15. 3% to 63. 7%),
reported for alpaca semen collected with artificial vagina (Bravo et al. 1997;
Vaughan et al. 2003a). Only oscillatory motility were observed in all experiments.
This is in agreement with previous studies which described only oscillatory
motion (Garnica et al. 1993; Bravo et al., 2000; Giuliano et al., 2002; Vaughan et
al.,2003). In contrast, Morton et al. ( 2010) have observed both oscillatory and
progressive motility depending on viscid nature of the semen. Tibary and
Memon (1999) also observed that sperm could gain progressive motility upon
liquefaction of the semen. Motility % significantly decreased at last two periods

(Figure 3.12.).

Results from biochemical analysis demonstrated that total protein and glucose of
SP were not changes, while, concentrations of cholesterol, triglyceride, GOT, ALP
and ALT were changed significantly (P<0.05) (Table 3.14 and 3.15).As stated in
previous section, SP enzymes such as ALT, ALP, and GOT, are essential for
metabolic processes, which provide energy for viability, motility and fertility of
spermatozoa and the measurement of these enzymes from SP is considered to be
a sensitive indicator of the plasma membrane damage (Sirat et al, 1998). The
values obtained in our experiment were higher than that was reported previously
(El-Manna et al. 1986; Zhao et al. 1992; Garnica et al. 1993; Bravo et al. 2000c;
Agarwal et al. 2004). 1-D PAGE, showed eight protein bands, and all bands
were not present in all males (Figure 3.17 a, b, ¢, d, e). Among these protein

profiles, TP3 of around 60 kDa was abundant. During, the study period, there
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was insignificant change in protein profiles. In camelids, research for
identification and quantification of protein has mainly been concentrated on a
specific protein fraction of high molecular weight, which has GnRH like activities
(Paolicchi et al, 1999; Pan et al, 2001), termed as ovulation inducing factor (OIF).
Studies on proteins of smaller molecular weight are very limited. Moreover,
seminal vesicle is absent in alpaca, which is known to be the main source of most
of low molecular weight proteins, described for small ruminants and source of
these proteins remain mystery. Unlike bull, ram, homologous proteins of RSPs or
BSPs are still not confirmed. Our 1-D PAGE demonstrated the presence of TP8 of
14-15 kDa in alpaca SP which is known as to protect sperm cell from cold shock.
Our previous study on alpaca SP protein have demonstrated that this protein

fraction is related with alpaca semen freezability (Marion et al., 2010).

Our study revealed that sheep concentrate or horse concentrates exerted a
negative effect on semen quality. The only positive effect found was increased
volume of the semen. Some studies with other ruminants reported that young
bulls kept on grazing plus concentrate feed showed better growth rate than those
on grazing alone, with an earlier age at puberty and a greater scrotal
circumference (Perry et al. 1991; Tegegne et al. 1992). This response variation
might be resulted from inherent metabolic systems of alpaca and may force to
consider specific diets for alpaca. However, there is a true paucity of literature
regarding nutritional mediation of reproductive performance of alpacas. The
mechanism by which diet affects reproductive capacity is not clear. Diet induced
changes might be resulted from variation in gonadotrophin levels, which would
affect endocrine-gonadal function and secretions of accessory glands. The
mechanisms underlying the changes in some reproductive traits in response to
feeding regimen, would be related to changes in sexual hormones secretion, such
as testosterone . Protein part of the diet could be responsible for the dietary effect
and would act by a GnRH-independent pathway (Hotzel et al., 1995 & 1998).
Several studies have shown the critical interaction between reproductive

performances and protein status (Ferguson, 1989; Tamminga, 2006). Al-Haboby
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et al. (1999) reported a negative effect of protein supplementation on semen
quality, but this effect was presumably related to an excess of urea consumption,
as the authors suggested. It has also been reported that under protein stress may
result in smaller Leydig cells and seminiferous tubules, and decreased
testosterone level conditions (Nolan et al., 1990). Research in other ruminants
shows that both low protein diet and excess protein diets exert a diminished
effect on pulsetile LH secretion through altered body metabolism (reviewed by
Kaur and Arora, 1995). Presumably similar mechanisms are in place to describe
the alteration in reproductive performances along with SP composition following

diets treatment. But it demands further confirmation.

Energy intake has a greater effect on sexual activity than protein supply
because this activity implies an important physical effort and therefore an
important energy expenditure (Parker and Thwaites, 1972; Brown, 1994). High
energy diet could exert a negative effect on sperm quality by increasing scrotal
surface temperature leading to decreased sperm motility (Coulter et al., 1975).
Beyond, protein, and their interaction, dietary status of many minerals and
vitamins present in diets also influences reproductive performance ( Smith and
Akinbamiji, 2000; Wilde, 2006). Apart from the diet effect, time of the study
period and environmental temperature cannot be ignored in alpaca. A seasonal
variation in SP composition specially on proteins is well documented in small
ruminants (Cardozo et al. 2006). These seasonal changes in Protein Profiles could
be resulted from seasonal variation in gonadotrophin levels and their receptors in
the testes (Xu et al., 1991) that affect endocrine gonadal function and secretions of
epididymes and seminal vesicles. However, many previous studies referred to
the variation in semen parameters within and between alpaca males, although
none specifically investigated this variation. Our study could provide a base
information regarding alpca diet formulation in improvement of reproductive
performance. Future research sould be carried out to investigate the carry-over

effects of different nutritional regimes on alpaca reproduction.
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4.2.2. Effect of diluents on freezability of semen and their relationship
with biochemical composition and Protein Profiles (PP) of SP

There is considerable interest in the use of Al in camelid breeding
programs. this technique has not been widely applied to camelids because of
difficulties in developing suitable protocols for dilution and conservation of
alpaca semen to preserve the fertilising lifespan of semen in frozen form.
Moreover, lacking of proper and effective diluents, and limitations in knowledge
of biochemical structure of semen are also constrains for semen processing. This
experiment was, therefore, conducted to study the relation to SP component with
sperm freezability. We conducted two experiments using four types of
extenders based on Tris and skim milk . Quality of both fresh and post-thaw
semen was evaluates by assessing semen with fluorescence staining for plasma
membrane integrity, Annexin V assays for apoptosis marker along with motility

and hypo-osmotic swelling test.

In alpaca, assessment of sperm function has been limited to sperm motility.
The viscosity makes semen samples hard to divide into aliquots, smear on slides
(to assess integrity and viability and dilute with extenders (heterogeneous mixing
results in poor post-thawing motility). SP also interferes with staining of the
sperm making assessment of integrity and viability difficult (Morton et al., 2009).
There are few reports on evaluation of viability, acrosome integrity using
different stain (Aller et al., 2003; Morton et al., 2010) or other immuno-labeling
technique (Valdivia et al., 2000;Alexi et al., 2005). Many of the sophisticated tests
used to assess sperm from cattle, sheep and pigs had not been developed for
alpacas. Very few tests have been established for alpacas, and those articles
provided only limited information about the effects of certain procedures on
sperm viability. The accurate measurement of basic semen parameters is vital if
sperm function and integrity are to be determined. The examination of a number
of parameters provides clues to the fertilising potential of the sperm for the

development of artificial reproductive technologies. A wide range of functional
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tests are now available for the assessment of livestock sperm (Gillan et al.,2005).
The present study assessed the outcome of cryopreservation in alpaca semen as

well as the utility of the Annexin-V binding assay in evaluating sperm quality.

There was significant (p<0.05) negetive correlation between sperm
concentration and semen volume, semen viscosity (Table 3.23). Increased semen
volume indicates functional status of accessory glands since major part of semen

contributed by different accessory glands secretion.

Previous reports indicated that semen composition remains constant
throughout ejaculation ( Morton et al., 2008). While, others have observed that
sperm concentration, percentage of active sperm, percentage of live sperm and
percentage of normal sperm increased with time during a single copulation

(Bravo et al. 2002).

After cryopreservation, motility drastically declined among all treatment
groups with a percentage of motile sperm 2-5% (Figure 3.19.). Some studies
differ from our results. In alpaca semen, motility after thawing was lower than 20
% (Valdivia et al., 2000). Whereas Bravo et al. (1996) reported motility 30- 40 %
after freezing semen from alpacas. Most extenders used for the freezing of
camelid semen have been prepared combining TRIS, citrate, glycerol and egg
yolk (Valdivia et al., 2000,Aller et al., 2003). In relation to the extenders used,
Alexi et al. (2005) have obtained 30% viability in post-thaw sperm diluted with
skim milk based extender containing egg yolk, fructose and ethylene glycol. In
the same experiment, they observed less than 10% motility when semen frozen
with TRIS, citric acid, glucose and egg yolk with 7% glycerol. But in another
study, extender-containing TRIS was reported to be superior than that containing

11% lactose (Vyas et al., 1998).

The structural viscosity make semen handling in the laboratory difficult
(Tibary and Vaughan, 2006), hindering the separation of spermatozoa from SP
and the separation of motile spermatozoa from immotile ones either using

centrifugation or other methods (Maxwel et al., 2008).Therefore, different
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enzymes (trypsin, collagenase, fibrolysin, hyaluronidase and papain) have been
used to decrease SP viscosity camelids (Bravo et al.,2000; Giuliano et al., 2002;
Poblete et al., 2003; Maxwel et al., 2008). Simultaneously, deleterious effects of
these enzymes on spermatozoa depending on the time of incubation or the
enzymes concentration (Tibary and Vaughan, 2006) is also reported. Owing to
find out relationship of SP components with fresh and freez-thaw sperm quality
we did not use any enzyme to liquefy semen in our experiment. Therefore, the
lower motility might be resulted from the viscid nature of the fresh semen and
negative correlation between these two parameters observed in our study

confirms this hypothesis

The methodology applied to develop sperm cryopreservation protocols
remains mostly empirical because of a lack of conformity between data derived
from theoretical work and the observed results, despite the progress of

fundamental cryobiology.

Although routine laboratory test can be used to evaluate sperm sample
rapidly, they don’t incorporate information on sub-cellular physical damage that
occur during cryopreservation (Christensen et al., 2000). Combination of
propidium iodide (PI) with carboxyfluorescein diacetate (CFDA) to evaluate
sperm functions enables discrimination between live and dead or moribund
spermatozoa but cannot detect early phases of disturbed membrane functions
(Garner et al., 1986). The Annexin V- binding assay seems to provide additional
information about plasma membrane deterioration besides conventional motility

analysis and supravital staining.

We observed around 30% apoptotic cells in live population, that was hgher
than we observed in ram and after cryopreservation, number decreased (Table
3.20). The present study is the first, to the best of our knowledge, which indicate
presence of apoptotic sperm in alpaca semen and its correlation to sperm motility
and plasma membrane integrity. urprisingly, we observed percentage value of
viable and HOST+ve sperm was higher in comparison to sperm motility (Table

3.20).
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Peroxidative damage to the sperm plasma membrane is thought to be an
important cause reducing sperm motility, and sperm with unsaturated fatty acid
enriched plasma membranes are particularly susceptible to oxidative stress
(Jones et al. 1979). Unsaturated fatty acids give the plasma membrane the fluidity
required to participate in fertilization and the fatty acid double bonds are
attacked by ROS altering membrane fluidity which leads to a loss in sperm
viability (Aitken and Krausz 2001). But, higher values of HOST+ve and viable
sperm from two fluorescence assays revealed that this lower motility was due to
their inherent characteristics to maintain energy to be alive. The higher
percentage of viable cells in alpaca semen confirms the finding of Glander et al
(1999) in human spermatozoa and suggests that not all immotile spermatozoa
represent dead population. Genital fluids exert an influence on sperm motility.
Some sperm that are immotile in vitro might regain motility in vivo, and vice

versa (Blach et al. 1989).

Motility alone as a parameter, should not be used for alpaca semen

appraisal as immotile sperm could maintain intact plasma membrane.
Bio-chemical composition

Most of the SP proteins are secretary product of seminal vesicle which is
absent in alpaca. So, the presence and function of some low molecular SP
proteins ( identified in other ruminants) is questionable in alpaca. Moreover,
there is lacking of data describing the relation of different macromolecules and
enzymes with semen quality. Therefore, in the present study, we studied the
relation of Protein Profiles (PP) and bio-chemical components with post-thawed
sperm quality in alpaca. Biochemical characteristics of seminal fluid are different
in the various portions of the male genital tract especially when considering ionic
concentrations and pH (Tuck et al., 1970; Hinton et al., 1981). Such differences
could play an important role in the regulation of important sperm functions as
well as motility, capacitation and fertilizing ability acquisition (Eliasson, 1970;

Eliasson and Lindholmer, 1972).
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In this experiment, we also studied biochemical composition of SP and their
relation with fresh and post-thaw sperm quality. The values of difrent
components obtained in this study (Table 3.24) correspond to that of previously
reported (EI-Manna et al. 1986; Zha et al. 1992; Garnica et al. 1993; Bravo et al.
2000c; Agarwal et al. 2004). Correlation coefficient among different quality
parameters and biochemical components revealed some interesting features. We
found a positive significant correlation with total protein, Mg and apoptosis free
viable cells, which was in contrast that we observed in ram semen. For screening
the interrelationship among SP content and semen quality at different stages of
cryopreservation, we examined relation between cooled semen quality and SP
content (Table 3.25 and 3.26). There was insignificant relation between SP
macroelements and sperm motility and plasma membrane integrity. Correlation
was significant between sperm motility and P, Mg, Ca, TP in S and T groups.
Consequently, an insignificant relation was existed between semen quality
parameters and SP in F, G, and T groups. It is note worthy to point out that we
observed a significant (P<0.01) correlation between post-thaw sperm motility and
Mg, P, TP, Cholesterol, that we observed for fresh alpaca semen. More
importantly, we found positive significant (P<0.01) correlation between TP and
Mg with post-thaw apoptosis free viable population. This findings might indicate
that skim milk based extender could maintain post-thaw sperm quality and less
effect on SP induced environment beneficial for sperm survival.

In our study, we used three types of Tris based diluents containing 0.8%
glucose (G), 0.8% fructose (F) and 1% fructose (T), whereas with skim milk based
extender (S) we did not use fructose or glucose. Considering the extender, the
post-thaw seminal parameters were higher in F group with 0.8% fructose, there
was no wide difference between F and S groups. It is important to mention that
SP, glucose is the principle sugar in Camelids, which is converted into fructose
either by phosphorylated pathway or by monophosphorylated pathway through
sorbitol dehydrogenase and aldose reductase (Agarwal et al, 2004). Information
on total fructose concentration in SP of alpaca could help in the determination of

appropriate concentration of fructose to be added into semen diluents.

179



Moreover, observation of correlation coefficient with post-thaw semen quality in
S group is very promising and could help in the better formulation of extender

specific for alpaca semen.

We conclude that analysis of both biophysical and biochemical
characteristics of semen provide very useful information regarding semen

freezability and male fertility.

The development of freezing technology in alpacas is mainly based on
information derived from successes achieved in other species, from which,
satisfactory result could not be obtained in alpaca. For successful
cryopreservation we need to define a good ejaculate before processing.
Determination of the biological make-up of the semen is very important for a
better understanding of bio-physical and bio-chemical characters of seminal
plasma (SP). This study could provide the basis for variation in semen quality
between animal, which can help us in formulation of good diluents, to
understand bio-chemical reactions that occur between SP and media and also to
study the fate of spermatozoa in the media. It could help for utilization of specific
SP proteins or elements to improve the function of semen extenders, which could
explore new approaches for preservation of alpaca semen and also to overcome

failures in reproductive function in South American Camelids.
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CHAPTER 5. CONCLUSION

Spermatozoa undergo a dramatic loss of heterogeneity, viability, motility
and positive response to HOST during cryopreservation process. We observed an
interrelation between all of these seminal parameters, which indicate the
necessity of fully potential and functional spermatozoa for successful fertilization
with cryopreserved semen. Our results confirm that biochemical composition
and SP function varies with diet, ejaculate within male and between males and
species. Pool of first and second ejaculates promotes post-thaw sperm
survivability when frozen with Tris-citrate-egg yolk based extender in ram
semen. Our study revealed that Some SP components can be used freezability
marker, and apoptotic free viable sperm population positively correlated with
protein fraction of molecular weight 75 KDa and negatively correlated with total

protein, magnesium in ram semen.

Alpaca spermatozoa are highly susceptible to cryopreservation. Our
study suggest that skim milk based extender could maintain survivability of
cryopreserved spermatozoa and maintained good relation between seminal
plasma components and post-thaw semen quality. Annexin fluorescence assay
can be used in this species to detect apoptotic sperm in viable sperm
subpopulation. More importantly, we observed that Magnesium and total
protein of SP showed a positive correlation with apoptosis free viable cells, which
could be predictor for successful cryopreservation. The composition of SP,
therefore, is one factor that determines the suitability of individual male for
semen cryopreservation and should also be taken into account in the preparation
of medium during assisted reproductive techniques in order to preserve and

possibly enhance post-thaw sperm fertilizing ability.

181



BIBLIOGRAPHY

182

Abdelhakeam AA, Graham EE, Vazquez IA, Chaloner KM. Studies on the
absence of glycerol in unfrozen and frozen ram semen - development of an
extender for freezing - effects of osmotic pressure, egg yolk levels, type of sugars,
and the method of dilution. Cryobiology 1991; 28: 43-49.

Adams GP, Ratto MH, Huanca W, Singh ]. Ovulation-inducing factor in the
seminal plasma of alpacas and llamas. Biol Reprod 2005; 73: 452-457.

Agarwal VK, Ram L, Rai AK, Khanna ND, Agarwa SP. Physical and
biochemical attributes of camel semen. | CamRes. 2004; 1: 25.

Aisen EG, Alvarez HL, Venturino A, Gaede JJ. Effect of trehalose and EDTA on
cryoprotective action of ram semen diluents. Theriogenology 2000 ; 53: 1053-1061.
Aitken RJ, Buckingham DW, Fang HG. Analysis of the responses of human
spermatozoa to A23187 employing a novel technique for assessing the acrosome
reaction. | Androl 1993;14:132-41.

Aitken RJ, Krausz C. Oxidative stress, DNA damage and the Y chromosome.
Reproduction 2001; 122: 497-506.

Aitken RJ, Vernet P. Maturation of redox regulatory mechanisms in the
epididymis. ] Reprod Fertil Suppl. 1998; 53: 109-118.

Aitken RJ, West KM, Buckingham DW. Leoukocyte infiltration into the human
ejaculate and its association with semen quality, oxidative stress, and sperm
function. | Androl 1994; 15: 343- 352.

Aitken R]. Possible Redox Regulation of Sperm Motility Activation. Journal of
Andrology 2000; 21: 4

Alexei S, Huanca W, Sapana R, Huanca T, Sepulveda N, Sanchez R.Effects on the
quality of frozen-thawed alpaca (Lama pacos)semen using two different
cryoprotectants and extenders. Asian | Androl 2005; 7 : 303-309.

Alghamdi AS, Foster DN, Troedsson MHT. Equine seminal plasma reduces
sperm binding to polymorphonuclear neutrophils and improves fertility of fresh
semen inseminated into inflamed uteri. Reproduction. 2004; 127: 593-600.

Aller JF, Rebuffi GE, Cancino AK, Alberio RH. Influencia de la criopreservacion
sobre la motilidad, viabilidad y fertilidad de espermatozoides de llama (Lama
glama)'. Arch. Zootec. 2003; 52: 15-23.

Alvarez ]G, Storey BT. Role of glutathione-peroxidase in protecting mammalian
spermatozoa from loss of motility caused by spontaneous lipid-peroxidation.
Gamete Res. 1989; 23: 77-90.



183

Alvarez ]G, Touchstone JC, Blasco L, Storey BT. Spontaneous lipid peroxidation
and production of hydrogen peroxide and superoxide in human spermatozoa
Superoxide dismutase as major enzyme protectant against oxygen toxicity. |
Androl. 1987; 8: 338-348.

Amann RP, Hammerstedt RH, Veeramachaenni DNR. The epididymis and sperm
maturation: A perspective. Reprod Fertil Dev 1993; 5: 361-381.

Andrabi SMH. Factors affecting the quality of cryopreserved buffalo (bubalus
bubalis) bull spermatozoa. Reprod Dom Anim. 2009; 44: 552-569.

Anel L, Kaabi M, Abroug B, Alvarez M, Anel E, Boixo JC, de la Fuente LF, de Paz
P. Factors influencing the success of vaginal and laparoscopic artificial
insemination in churra ewes: a field assay.Theriogenology 2005; 63: 1235-1247.
Anim Reprod Sci. 2000; 62: 113-141.

Anzar M, Hassan MM, Graham EF, Deyo RCM, Singh G. Efficacy of the
Hamilton Thorn motility analyzer (HTM-2030) for the evaluation of bovine
semen.Theriogenology 1991; 36:307.

Anzar M, Graham EF, Igbal N. Post-thaw plasma membrane integrity of bull
spermatozoa separated with a Sephadex ion-exchange column. Theriogenology
1997; 47: 845-856.

Anzar M, He L, Buhr MM, Kroestsch TG, Pauls P. Sperm apoptosis in fresh and
cryopreserved bull semen detected by flow cytometry and its relationship with
fertility. Biol Reprod 2002; 66: 354-360.

Apaza N, Sapana R, Huanca T, Huanca W. Inseminacion artificial en alpacas con
semen fresco en comunidades campesinas. Rev Invest Vet Suppl. 2001; 1: 435-438.
Apel-Paz M, Vanderlick TK, Chandra N, Gustavo F. A hierarchy of lipid
constructs for the sperm plasma membrane .Doncelb Biochemical and Biophysical
Research Communications 2003; 309: 724-732.

Ashworth PJC, Harrison RAP, Miller NGA, Plummer JM, Watson PF. Survival
of ram spermatozoa at high dilution: protective effect of simple constituents of
culture media as compared with seminal plasma. Reprod Fertil Develop. 1994; 6:
173-180.

Assumpcgdo TI, Torres Junior RAA, Sousa MV, Ricart CAO. Correlation between
fertility and levels of protein, sugar and free amino acids in seminal plasma of
Nelore Bulls. Arq Bras Med Vet Zootec. 2005; 57: 55-61.

Auger ], Ronot X, J. Dadoune JP. 1989. Human sperm mitochondrial function
related to motility: A flow and image cytometric assessment. |. Androl. 1989; 10:
439-448.

Bailey ], Bilodeau J, Cormier N. Semen cryopreservation in domestic animals: a
damaging and capacitating phenomenon. | Androl 2000; 21: 1-7.

Barrios B, Fernandez-Juan M, Muifo-Blanco T, Cebrian-Pérez JA.
Imunocytochemical localization and biochemical characterization of two seminal
plasma proteins which protect ram spermatozoa against cold-shock. | Androl.
2005; 26: 539-549.



184

Barrios B, Pérez-Pé R, Gallego M, Tato A, Osada J, Muifio- Blanco T. Seminal
plasma proteins revert the cold-shock damage on ram sperm membrane. Biol
Reprod. 2000; 63: 1531-1537.

Bergeron A, Crete MH, Brindle Y, Manjunath P. Low-density lipoprotein fraction
from hen’s egg yolk decreases the binding of the major proteins from bovine
seminal plasma to sperm and prevents lipid efflux from the sperm membrane.
Biol. Reprod. 2004;70:708-717.

Bergeron A, ManjunathP. New Insights Towards Understanding the Mechanisms

of Sperm Protection by Egg Yolk and Milk. Mol Reprod Dev 2006; 73:1338-1344.

Bergeron A, Villemure M, Lazure C, Manjunath P. Isolation and characterization
of the major proteins of ram seminal plasma. Mol Reprod Dev. 2005; 71: 461-470.
Bilodeau JF, Chatterjee S, Sirard MA, Gagnon C. Levels of antioxidant defenses
are decreased in bovine spermatozoa after a cycle of freezing and thawing. Mol
Reprod Dev. 2000; 55: 282-288.

Blanc-Layrac G, Bringuier AF, Guillot R, Feldmann G. Morphological and
biochemical analysis of cell death in human ejaculated spermatozoa. Cell Mol
Biol(Noisy-le-grand) 2000; 46: 187-197.

Boe-Hansen GB, Ersboll AK, Greve T, Christensen P. Increasing storage time of
extended boar semen reduces sperm DNA integrity. Theriogenology 2005; 63:
2006-2019.

Bourgeon F, Evrard B, Brillard-Bourdet M, Colleu D, Jégou B, Pineau C.
Involvement of semenogelin-derived peptides in the antibacterial activity of
human seminal plasma. Bio Reprod. 2004; 70: 768-774.

Bradley MP, Forrester IT. Human and ram seminal plasma both contain a
calcium-dependent regulator protein calsemin. | Andro. 1982; 3: 289-296.

Brandon CI, Heusner GL, Caudle AB, Fayrer-Hosken RA. Two-dimensional
polyacrylamide gel electrophoresis of equine seminal plasma proteins and their
correlation with fertility. Theriogenology 1999; 52: 863-873.

Bratton DL, Fadok VA, Richter DA, Kailey JM, Guthrie LA, Henson PM.
Appearance of phosphatidylserine on apoptotic cells requires calcium-mediated
nonspecific flip-flop and is enhanced by loss of the aminophospholipid
translocase. | Biol Chem 1997; 272: 26159-26165.

Bravo PW. Physiology of reproduction and fertility evaluation in the male
alpaca. Proceedings of Post Graduate Foundation in Veterinary Science 1995; 257:
61-66.

Bravo PW, Callo M, Garnica J. The effect of enzymes on semen viscosity in llamas
and alpacas. Small Rum Res. 2000; 38: 91-95.

Bravo PW, Flores D, Ordonez C. Effect of repeated collection on semen
characteristics of alpacas. Biol Reprod 1997; 57: 520-4.

Bravo PW, Flores D, Ordonez C. Effect of repeated collection on semen
characteristics of alpacas. Biology of Reproduction 1997b; 57: 520 - 524.

Bravo PW, Moscoso ], Ordonez C, Alarcon V. 'Transport of spermatozoa and ova
in female alpaca'. Anim. Reprod. Sci. 1996; 43:173-179.



185

Bravo PW, Skidmore JA, Zhao XX. Reproductive aspects and storage of semen in
Camelidae. Anim Reprod Sci 200c; 62: 173-193.

Breininger E, Cetica PD, Beconi MT. Capacitation inducers act through diverse
intracellular mechanisms in cryopreserved bovine sperm. Theriogenology 2010;
74:1036-1049.

Brito LFC, Barth AD , Bilodeau-Goeseels S, Panich PL, John P.
Kastelic.Comparison of methods to evaluate the plasmalemma of bovine sperm
and their relationship with in vitro fertilization rate. Theriogenology 2003; 60:
1539-1551.

Buendia P, Soler C, Paolicchi F, Gago G, Urquieta B, Perez-Sanchez F, Bustos-
Obregon E. Morphometric characterization and classification of alpaca sperm
heads wusing the Sperm-Class Analyzer(R) computer-assisted system.
Theriogenology 2002; 57: 1207-1218.

Burgos C, Maldonado C, Gerez de Burgos NM, Aoki A, Blanco A. Intracellular
localization of the testicular and sperm-specific lactate deydrogenase isoenzyme
C4 in mice. Bio Reprod. 1995; 53: 84-92.

Calvete JJ, Mann K, Sanz ML, Raida M, Topfer-Peterson E. The primary structure
of BSP-30K, a major lipid-, gelatin-, and heparin-binding glycoprotein of bovine
seminal plasma. FEBS Lett. 1996; 399: 147-152.

Cam Sci 2009; 2: 15-25.

camelids: A review and clinical observations', Small Ruminant Res 2006; 61: 283-
298.

Cancel AM, Chapman DA, Killian GJ. Osteopontin is the 55-kilodalton fertility-
associated protein in Holstein bull seminal plasma. Bio Reprod. 1997; 57: 1293~
1301.

Cardozo JA, Fernandez-Juan M, Forcada F, Abecia A, Muifio- Blanco T, Cebrian-
Pérez JA. Monthly variations in ovine seminal plasma proteins analyzed by two-
dimensional polyacrylamide gel electrophoresis. Theriogenology. 2006; 66: 841-
850.

Cascieri M, Amann RP, Hammerstedt RH. Adenine nucleotide changes at
initiation of bull sperm muotility. | Biol Chem. 1976; 251: 787-793.

Catt SL, O’Brien JK, Maxwell WMC, Evans G. Assessment of ram and boar
spermatozoa during cell-sorting by flow cytometry. Reprod Domest Anim 1997; 32:
251-8.

Cerolini S, Maldjian A, Pizzi F, Gliozzi TM. Changes in sperm quality and lipid
composition during cryopreservation of boar semen. Reproduction 2001; 121: 395-
401.

Cerolini S, Maldjian A, Pizzi, F, Gliozzi TM. Changes in sperm quality and lipid
composition during cryopreservation of boar semen. Reprod. 2001; 121: 395-401.
Cevik M, Tuncer PB, Tasdemer U, Ozgiirta§ T. Comparison of spermatological
characteristics and biochemical seminal plasma parameters of normozoospermic
and oligoasthenozoospermic bulls of two breeds. Turk | Vet Anim Sci. 2007; 31:
381-387.



186

Chandonnet I, Roberts KD, Chapdelaine A, Manjunath P. Identification of
heparin-binding proteins in bovine seminal plasma. Mol Reprod Develop. 1990; 26:
313-318.

Chen BX, Yuen ZX, Pan GW. Semen-induced ovulation in the bactrian camel
(Camelus bactrianus). ] Reprod Fertil. 1985; 73: 335-339.

Clark EN, Corron ME, Florman HM. Caltrin, the calcium transport regulatory
peptide of spermatozoa, modulates acrosomal exocytosis in response to the egg's
zona pellucida. | Biol Chem. 1993; 268: 5309-5316.

Colas G, Lefebvre J, Guérin Y. Father-male offspring transmission of seasonal
variations in testicular diameter and percentage of abnormal sperm in the Ile-de-
France ram I Male offspring born in February. Reprod Nutr Dev. 1990; 30: 589-603.
Correa JR, Pace MM, Zavos PM. Relationships among frozen-thawed sperm
characteristics assessed via the routine semen analysis, sperm functional tests and
fertility of bulls in an artificial insemination program. Theriogenology 1997; 48:
721-731.

Correa JR, Zavos PM. The hypoosmotic swelling test: its employment as an assay
to evaluate the functional integrity of the frozen-thawed bovine sperm
membrane. Theriogenology 1994; 42:351-360.

Corteel JM. Effects of seminal plasma on the survival and fertility of spermatozoa
kept in vitro. Reprod Nutri Develop. 1980; 20: 1111-1123.

Cox JF, Alfaro V, Montenegro V, Rodriguez H. Computer-assisted analysis of
sperm motion in goats and its relationship with sperm migration in cervical
mucus. Theriogenology 2006; 66: 860-867.

Cross NL, Watson SK. Assessing acrosomal status of bovine sperm using
fluoresceinated lectins. Theriogenology 1994; 42; 89-98.

Cross NL. Multiple effects of seminal plasma on the acrosome reaction of human
sperm. Mol Reprod Dev 1993; 35: 316-23.

Cross NL. Role of cholesterol in sperm capacitation. Biol. Reprod. 1998; 59: 7-11.
Curry MR, Millar JD, Tamuli SM and Watson PF . Surface area and volume
measurements for ram and human spermatozoa .Biology of Reproduction 1996; 55:
1325-1332.

D’Alessandro AG, Martemucci G. Evaluation of seasonal variations of semen

freezability in Leccese ram. Anim Reprod Sci 2003;79:93-102.

D’'Cruz OJ, Haas Jr GG, Lambert H. Evaluation of antisperm complement-
dependent immune mediators in human follicular fluid. | Immunol. 1990; 144:
3841-3848.

Dacheux ], Gatti JL, Dacheux F. Contribution of epididymal secretory proteins
for spermatozoa maturation. Microsc Res Tech. 2003; 61: 7-17.

Dalimata AM, Graham LK. Cryopreservation of rabbit spermatozoa using
acetamide in combination with trehalose and mehtyl cellulose. Theriogenology
1997; 48: 831-841.

Darin-Bennett A, White 1.G. Influence of the cholesterol content of mammalian
spermatozoa on susceptibility to cold-shock. Cryobiology 1977; 14: 466-470.



187

Dawson RMC, Mann T, White IG. Glycerylphosphorylcholine and
phosphorylcholine in semen and their relation to choline. Biochem ]. 1956; 65: 627-
630.

de Graaf SP, Beilby KH, Underwood SL, Evans G, Maxwell WMC. Sperm sexing
in sheep and cattle: The exception and the rule. Theriogenology. 2009; 71: 89-97.

de Lamirande E, Gagnon C. Human sperm hyperactivation and capacitation as
parts of an oxidative process. Free Radic Biol Med 1993;14:157-166.

de Lamirande E, Gagnon C. Reactive oxygen species and human spermatozoa II
Depletion of adenosine triphosphate plays an important role in the inhibition of
sperm motility. | Androl. 1992;13: 379-386.

de Lamirande E, Leclerc P, Gagnon C. Capacitation as a regulatory event that
primes spermatozoa for the acrosome reaction and fertilization. Mol Hum Reprod
1997; 3: 175-194.

de Vries KJ, Wiedmer T, Sims PJ, Gadella BM. Caspase-independent exposure of
aminophospholipids and tyrosine phosphorylation in bicarbonate responsive
human sperm cells. Biol. Reprod. 2003; 68: 2122-2134.

Deen A, Sahani MS. 'Preliminary attempts to collect and cryopreserve camel
semen'. |. Camel Prac.Res. 2000; 7: 181-186.

Desnoyers L, Manjunath P. Major proteins of bovine seminal fluid bind to
insulin-like growth factor-II | Biol Chem. 1994; 269: 5776-5780.

Desnoyers L, Manjunath P. Major proteins of bovine seminal plasma exhibit
novel interactions with phospholipid. ] Biol Chem. 1992; 267. 10149-10155.

Dhami A], Kodagali SB. Freezability, enzyme leakage and fertility of buffalo
spermatozoa in relation to the quality of semen ejaculates and extenders.
Theriogenology. 1990; 34: 853-863.

Dias GM, Retamal CA, Tobella L, Arnholdt AC, Lopez ML. Nuclear status of
immature and mature stallion spermatozoa. Theriogenology 2006; 354-365.

Dimo V, Georgiev G. Ram semen prostaglandin concentration and its effect on
fertility. ] Anim Sci. 1977; 44: 1050-1054.

Dominguez MP, Falcinelli A, Hozbor F, Sanchez E, Cesari A, Alberio RH.
Seasonal variations in the composition of ram seminal plasma and its effect on
frozen-thawed ram sperm. Theriogenology 2008; 69: 564-573.

Donnelly ET, O’Connell M, McClure N, Lewis SE. Differences in nuclear DNA
fragmentation and mitochondrial integrity of semen and prepared human
spermatozoa. Hum Reprod 2000; 15: 1552-1561.

Dostalova Z, Calvete JJ, Sanz L, Hettel C, Riedel D, Schoneck C, Einspanier
R, Topfer-petersen E. Immunolocalization and quantitation of acidic seminal fluid
protein (aSFP) in ejaculated, swim-up and capacitated bull spermatozoa. Biol
Chem Hoppe-Seyler.1994; 375: 457-461.

Duru NK, Morshedi MS, Schuffner A, Oehninger S. Cryopreservation-thawing of
fractionated human  spermatozoa is associated with  membrane
phosphatidylserine externalization and not DNA fragmentation.] Androl 2001; 22:
646-651.



188

Eddy EM, O’Brien DA. The spermatozoon. In tected with monoclonal antibodies.
Dev. Biol. 1994; 103: 117-128.

Eddy EM, O'Brien DA. The spermatozoon. In: Knobil E, Neill JD (eds.), The
Physiology of Reproduction. New York: Raven Press. 1993: 29-77.

Eghbali M, Alvi-Shoushtari SM, Rezaii SA. Effects of copper and superoxide
Dismutase content of seminal plasma on buffalo semen characteristics. Pakistan |
Biol Sci. 2008; 11: 1964-1968.

Ehling C, Rath D, Struckmann C, Frenzel A., Schindler L, Niemann H., 2006.

Utilization of frozen-thawed epididymal ram semen to preserve genetic diversity
in Scrapie susceptible sheep breeds. Theriogenology 2006; 66: 2160-2164.

Ehrenwald E, Foote RH, Parks JE. Bovine oviductal fluid components and their
potential role in sperm cholesterol efflux. Mol Reprod Dev 1990; 25: 195-204.
Einspanier R, Krause I, Calvete JJ, Tofper-Petersen E, Klostermeyer H, Karg H.
Bovine seminal plasma aSFP: localization of disulfide bridges and detection of
three different isoelectric forms. FEBS Lett. 1994; 344: 61-64.

El-Hajj Ghaoui R, Gillan L, Thomson PC, Evans G, Maxwell WMC. Effect of
seminal plasma fractions from entire and vasectomized rams on the motility
characteristics, membrane status, and in vitro fertility of ram spermatozoa. |
Androl. 2007; 28: 109-122.

El-Hajj Ghaoui R, Thomson PC, Evans G, Maxwell WMC. Characterization and
localization of membrane vesicles in ejaculate fractions from the ram, boar and
stallion. Reprod Dom Anim. 2004; 39: 173-180.

El-Manna MM, Tingari MD, Ahmed AK. Studies on camel semen II Biochemical
characteristics. Anim Reprod Sci. 1986; 12: 223-231.

Esch FS, Ling NC, Bohlen P, Ying SY, Guillemin R. Primary structure of PDC-109,
a major protein constituent of bovine seminal plasma. Biochem Biophys Res
Commun. 1983; 113: 861-867.

Esteves SC, Sharma RK, Thomas Jr AJ, Agarwal A. Suitability of the hypoosmotic
swelling test for assessing the viability of cryopreserved sperm. Fertil Steril 1996;
66: 798-804.

Evans G, Maxwell W.M.C. Salamon’s Artificial Insemination of Sheep and
Goats. Butterworths, Sydney 1987;194.

Evenson D, Jost L. Sperm chromatin structure assay is useful for fertility
assessment. Methods Cell Sci. 2000; 22: 169-189.

Evenson DP, Jost LK, Marshall D, Zinaman M]J, Clegg E, Purvis K, de Angelis P,
Claussen OP. Utility of the sperm chromatin structure assay as a diagnostic and
prognostic tool in the human fertility clinic. Hum. Reprod. 1999; 14: 1039-1049.
Evenson DP, Darzynkiewicz Z, Melamed MR. Relation of mammalian sperm
chromatin heterogeneity to fertility. Science 1980; 210: 1131-1133.

Evenson DP, Darzynkiewicz Z, Melamed MR. Simultaneous measurement by
flow cytometry of sperm cell viability and mitochondrial membrane potential
related to cell motility. ] Histochem Cytochem 1982; 30: 279-280.



189

Evenson DP, Thompson L, Jost L. Flow cytometric evaluation of boar semen by
the sperm chromatin structure assay as related to cryopreservation and fertility.
Theriogenology 1994; 41: 637-651.

Evenson DP. Flow cytometric analysis of chromatin damage in sperm isolated
from mice exposed to toxic-chemicals. Environ Mutagen 1984; 6: 404-5.

Evenson DP. Loss of livestock breeding efficiency due to uncompensable sperm
nuclear defects. Reprod. Fertil. Develop. 1999; 11: 1-15.

Fernandes PA, McCoshen JA, Cheang M, Kredentser JV, Wodzicki AM.
Quantitative analysis of the effect of freezing on donor sperm motion kinetics.
Fertil Steril 1990; 54(2): 322-7.

Fischer P, Nehring H, Miiller K. Passage & deep frozen ram semen in the cervix
of the ewe. Proc 12th Int Congr Anim Reprod. 1992; 1: 450-451.

Fiser PS, Fairlirll RW. The effect of glycerol concentration and cooling velocity on
cryosurvival of ram spermatozoa frozen in straws. Cryobiology 1984; 21: 542-55 1.
Flesch FM, Gadella BM. Dynamics of the mammalian sperm plasma membrane
in the process of fertilization. Biochim Biophys Acta. 2000; 1469: 197-235.

Flipse R]. Metabolism of bovine semen IX Glutamic oxaloacetic and glutamic
pyruvic transaminase activities. | Dairy Sci. 1960; 43: 773-776.

Flores P, Garcia-Huidobro ], Munoz C, Bustos-Obregon E, Urquieta B. Alpaca
semen characteristics previous to a mating period. Anim Reprod Sci 2002; 72: 259~
266.

Fouchecourt S, Dacheux F, Dacheux ]J. Glutathione-independent prostaglandin D-
synthase in ram and stallion epididymal fluids: origin and regulation. Biol Reprod.
1999; 60: 558-566.

Fraser LR, DasGupta S, Mills CL. Fertilization-calcium-dependent events. Ferti
Steril. 1996; 65: 1258-1259.

Fraser LR. Ionic control of sperm function. Reprod Fertil Dev 1995;7: 905-925.
Gadea J. Semen extenders used in the artificial insemination of swine. A review.
Span. J. Agric. Res. 2003;1:17-27.

Gadella BM, Colenbrander B, Lopes-Cardozo M. Arylsulfatases are present in
seminal plasma of several domestic mammals. Biol Reprod. 1991; 45: 381-386.
Gadella BM, Harrison RA. Capacitation induces cyclic adenosine 3'5'-
monophosphate-dependent, but apoptosis-unrelated, exposure of
aminophospholipids at the apical head plasma membrane of boar sperm cells.
Biol. Reprod. 2002; 67: 340-350.

Galloway DB. The development of the testicles in alpacas in Australia.
Proceedings of the Australian Alpaca Association Conference Canberra,
Australia.2000.

Gao D, Crister JK. Mechanism of cryoinjury in living cells. ILAR | 2000; 41: 187-
196.

Garcia M, Graham E. Factors affecting the removal of low-molecular weight
fractions (LMWF) from egg yolk and seminal plasma in extended semen by
dialysis: effect of post-thaw sperm survival. Cryobiology. 1987; 24: 437-445.



190

Garcia-Lopez N, Ollero M, Cebrian-Pérez JA, Muino-Blanco T. Reversion of
thermic-shock effect on ram spermatozoa by adsorption of seminal plasma
proteins revealed by partition in aqueous two-phase systems. | Chromatogr B.
1996; 680: 137-143.

Garner DL, Johnson LA. Viability assessment of mammalian sperm using SYBR-
14 and prodidium iodide. Biol Reprod 1995; 53: 276-84.

Garner DL, Thomas CA, Gravance CG, Marshall CE, DeJarnette JM, Allen CH.
Seminal plasma addition attenuates the dilution effect in bovine sperm.
Theriogenology. 2001; 56: 31-40.

Garner DL, Thomas CA, Joerg HW, DeJarnette JM, Marshall CE. Fluorometric
assessments of mitochondrial function and viability in cryopreserved bovine
spermatozoa. Biol Reprod 1997; 57: 1401-1406.

Garner DL, Thomas CA. Organelle-specific probe JC-1 identifies membrane
potential differences in the mitochondrial function of bovine sperm. Molec.
Reprod. Develop. 1999; 53: 222-229.

Garnica ], Achata R, Bravo PW. Physiological and biochemical characteristics of
alpaca semen. Anim Reprod Sci. 1993; 32: 85-90.

Garnica J, Flores E, Bravo PW. 'Citric acid and fructose concentrations in seminal
plasma of the alpaca'. Small Ruminant Res. 1995; 18: 95-98.

Gavella M, Lipovac V. In vitro effect of zinc on oxidative changes in human
semen. Andrologia. 1998; 30: 317-323.

Gerena RL, Irikura D, Urade Y, Eguchi N, Chapman DA, Killian GJ. Identification
of a fertility-associated protein in bull seminal plasma as lipocalin-type
prostaglandin D synthase. Biol Reprod. 1998; 58: 826-833.

Gillan L, Evans G, Maxwell WM. Flow cytometric evaluation of sperm
parameters in relation to fertility potential. Theriogenology 2005; 63: 445-457.
Gillan L, Maxwell WMC. The functional integrity and fate of cryopreserved ram
spermatozoa in the female tract. | Reprod Fertil Suppl. 1999; 54: 271-283.

Gilmore JA, Liu C, Woods EJ, Peter AT, Crister JK. Cryopreservation agents and
temperature effects on human sperm permeabilities: convergence of theoretical
and empirical approaches for optimal cryopreservation methods. Hum Reprod
2000; 15: 335-343.

Giuliano S, Director A, Gambarotta M, Trasorras V, Miragaya M. Collection
method, season and individual variation on seminal characteristics in the llama
(Lama glama). Anim Reprod Sci 2008; 104: 359-369.

Giuliano SM, Spirito SE, Maragaya MH. 'Electroejaculation and seminal
parameters in vicufia (Vicugna vicugna)'. Theriogenology 2002; 57: 583.

Glander HJ, Kratzsch J, Weisbrich C, Birkenmeier G. Insulin-like growth factor-I
and alpha-2 macroglobulin in seminal plasma correlate with semen quality. Hum
Reprod. 1996; 11: 2454-2460.

Goeritz F, Quest M, Fassbender M, Broich A, Hildebrandt TB, Hofmann RR.
Seasonal timing of sperm production in roe deer: interrelationship among
changes in ejaculate parameters, morphology and function of testis and accessory



191

glands.Goldman R, Ferber E, and Zort U: Reactive oxygen species are involved in
the activation of cellular phospholipase AZ. FEBS Lett 1992; 309: 190-192.
Graham JK, Foote RH. Effect of several lipids, fatty acyl chain length and degree
of zn saturation on the motility of bull spermatozoaafter cold shock and freezing.
Cryobiology 1987; 24: 42-52.

Graham JK, Kunze E, Hammerstedt RH. Analysis of sperm cell viability,
acrosomal integrity, and mitochondrial function using flow cytometry. Biol.
Reprod. 1990; 43: 55-64.

Graham JK, Moce E. Fertility evaluation of frozen-thawed semen. Theriogenology
2005; 64: 492-504.

Graham JK. Assessment of sperm quality: A flow cytometric approach. Anim
Reprod Sci. 2001; 68: 239-247.

Graham JK. Effect of seminal plasma on the motility of epididymal and
ejaculated spermatozoa of the ram and bull during the cryopreservation process.
Theriogenology 1994; 41: 1151-1162.

Gravance CG, Garner DL, Baumber J, Ball BA. Assessment of equine sperm
mitochondprial function using JC-1. Theriogenology 2000; 53 :1691-1703.

Guerin JF, Rollet J, Perrin P, Menezo Y, Orgiazzi A, Czyba JC. Enzymes in the
seminal plasma from azoospermic men: correlation with the origin of their
azoospermia. Fertil Steril. 1981; 36: 368-372.

Guerrero CA, Cryopreservation and intracytoplasmic sperm injection with

bovine epididymal spermatozoa. PhD thesis. 2006.

Gunay U, Dogan I, Nur Z, Manolov I, Sagirkaya H, Soylu MK, Kaptan C,
Akpinar L. Influence of bull seminal plasma on post-thaw ram semen parameters
and fertility. Bull Vet Inst Pulawy. 2006; 50: 503-508.

Gundogan M, Elitok B. Seasonal changes in reproductive parameters and seminal
plasma constituents of rams in Afyon province of Turkey. Dtsch Tierarztl
Wochenschr 2004; 111: 158-61.

Giindogun M. Some reproductive parameters and seminal plasma constituents in
relation to season in Akkaraman and Awassi rams. Turky | Vet Anim Sci. 2006; 30:
95-100.

Gustafsson BK, Graham EF, Crabo BG, Pavelko MK,Wagner WC. Pre-freeze
supplementation of ram semen with PGE1 and PGF2 alpha: effects on sperm
vitality in vitro and on sperm transport in the ewe In: Proceedings Annual Meeting
Society Study Reproduction, 1977; (Abstract #10)

Guthrie HD, Liu ], Critser JK. Osmotic tolerance limits and effects of
cryoprotectants on motility of bovine spermatozoa. Biol. Reprod. 2002; 67:1811-
1816.

Guthrie HD, Welch GR. Impact of storage prior to cryopreservation on plasma
membrane function and fertility of boar sperm. Theriogenology 2005; 63: 396-410.
Gwathmey TM, Ignotz GG, Mueller JI, Manjunath P, Suarez SS. Bovine seminal
plasma proteins PDC-109, BSP-A3, and BSP-30-kda share functional roles in
storing sperm in the oviduct. Biol Reprod. 2006; 75: 501-507.



192

Hafez ESE. Semen evaluation In: Hafez, ESE, Reproduction in Farm Animals 5th
edn Philadelphia. 1987; 455-480.

Hamamah S, Gatti JL. Role of the ionic environment and internal pH on sperm
activity. Hum Reprod. 1998; 13: 20-30.

Hammadeh ME, Askari A, Gerorg T, Rosenbaum P, SchmidtW. Effect of freeze-
thawing procedure on chromatin stability,morphological alteration and
membrane integrity of human spermatozoa in fertile and subfertile men. Int |
Androl 1999; 22: 155-162.

Hammerstedt RH, Graham JR, Nolan P. Ctyopreservation of mammalian sperm:
what we ask them to survive. | Androl 1990; 11:73-88.

Hammerstedt RH, Hay SR. Effects of incubation temperature on motility and
cAMP content of bovine sperm. Arch Biochem BioPhys. 1980; 199: 427-437.
Hammerstedt RH, Keith AD, Boltz RC Jr, Todd PW. Use of amphiphilic spin
labels and whole cell isoelectric focusing to assay charge characteristics of sperm
surfaces. Arch Biochem Biophys. 1979; 194: 565-580.

Harrison RA, Gadella BM. Bicarbonate-induced membrane processing in sperm
capacitation. Theriogenology 2005; 63: 342-51.

Harrison RAP, Jacques ML, Pascual Minguez ML, Miller NGA. Behaviour of
ejaculated spermatozoa from bull, boar and ram during thin-layer countercurrent
partition in aqueous two-phase systems. | Cell Sci. 1992; 102, 123-132.

Harrison RAP. Capacitation mechanisms, and the role of capacitation as seen in
eutherian mammals. Reprod Ferti! Dev 1996; 8: 581-594.

Heise A, Kdhn W, Volkmann DH, Thompson PN, Gerber D.Influence of seminal

plasma on fertility of fresh and frozen-thawed stallion epididymal spermatozoa.
Anim Reprod Sci. 2010. 118; 48-53.

Henricks DM, Kouba A]J, Lackey BR, Boone WR, Gray SL. Identification of
insulin-like growth factor I in bovine seminal plasma and its receptor on
spermatozoa: influence on sperm motility. Biol Reprod. 1998; 59: 330-337.

Hess RA, Zhou Q, Nie R, Oliveira C, Cho H, Nakaia M, Carnes K. Estrogens and
epididymal function. Reprod Fertil Dev. 2001; 13: 273-283.

Heydecke D, Meyer D, Ackermann F, Wilhelm B, Gudermann T, Boekhoff I.The
Multi PDZ Domain Protein MUPP1 as a Putative Scaffolding Protein for
Organizing Signaling Complexes in the Acrosome of Mammalian Spermatozoa.
Journal of Andrology 2006; 27: 3.

Hidiroglou M, Knipfel JE. Zink in mammalian sperm: A review. | Dairy Sci. 1984;
67: 1147-1156.

Hidiroglou M, Williams CJ, Ho SK, Tryphonas L. Zinc and manganese in
accessory genital glands of male sheep: distribution, uptake and effect of
testosterone. Am | Vet Res. 1979; 40: 103-107.

Hodge-Dufour J, Marino MW, Horton MR. Inhibition of Interferon induced
interleukin 12 production: A potential mechanism for the anti-inflammatory
activities of tumor necrosis factor. Proc Natl Acad Sci. 1998; 1: 13806-13811.



193

Holt WV, Medrano A. Assessment of boar sperm function in relation to freezing
and storage. | Reprod Fertil Suppl 1997; 52: 213-22.

Holt WV, North RD. Cryopreservation, actin localization and thermotropic phase
transitions in ram spermatozoa. J. Reprod. Fert. 1991; 91: 451-461.

Holt WV, Watson PF, Curry M, Holt C. Reproducibility of computer-aided semen
analysis: comparison of five different systems used in a practical workshop.
Fertil. Steril. 1994; 62: 1277-1282.

Holt WV. Fundamental aspects of sperm cryobiology: The importance of species
and individual differences. Theriogenology 2000; 53: 47-58.

Hough SR, Parks JE. Platelet-activating factor acetylhydrolase activity in seminal
plasma from the bull, stallion, rabbit, and rooster. Biol Reprod. 1994; 50: 912-916.
Iborra A, Companyo M , Marti'nez P, Morros A. Cholesterol Efflux Promotes
Acrosome Reaction in Goat Spermatozoa. Biology Of Reproduction 2000; 62: 378-
383.

Ignotz GG, Lo MC, Perez CL, Gwathmey TM, Suarez SS. Characterization of a
fucose-binding protein from bull sperm and seminal plasma that may be
responsible for formation of the oviductal sperm reservoir. Biol Reprod. 2001; 64:
1806-1811.

Imschenetzky M, Puchi M, Morin V, Medina R, Montecino M. Chromatin
remodeling during sea urchin early development: Molecular determinants for
pronuclei formation and transcriptional activation. Gene 2003; 322: 33-46.

in viable ram sperm cells after cryotreatment. J. Cell. Sci. 1999; 112: 11-20.

Igbal M, Samad HA, Yaqub M, Najib-ur-Rehman. Comparative study of
cholesterol and total lipids in semen of Nili-Ravi buffalo bulls and sahiwal bulls.
PakiVet ]. 1984; 4: 158-160.

Isachenko E, Isachenko V, Katkov, II, Dessole S, Nawroth F. Vitrification of
mammalian spermatozoa in the absence of cryoprotectants: from past practical
difficulties to present success. Reprod Biomed Online 2003; 6: 191-200.
Ivanova-Kicheva M, Dimitrov A, Nikolov I, Daskalova D, Petrov M. Analysis of
plasma membrane inegrity by using of fluorescein labeled annexin v and its
relationship to motility and viability of ram sperm after cryopreservation. Central
European Agriculture 2005; 6: 331-336.

Jain YC, Anand SR. The lipids of buffalo spermatozoa and seminal plasma. |
Reprod Fert. 1976; 47: 255-260.

Januskauskas A, Lukoseviciute K, Nagy S, Johannisson A, Rodriguez-Martinez
H. Assessment of the efficacy of Sephadex G-15 filtration of bovine spermatozoa
for cryopreservation. Theriogenology 2005; 63: 160-178.

Januskauskas A, Johannisson A, Rodriguez-Martinez H. Subtle membrane
changes in cryopreserved bull semen in relation with sperm viability, chromatin
structure, and field fertility. Theriogenology 2003; 60: 743-758.

Jeyendran RS, Van der Ven HH, Perez-Pelaez M, Crab0 BG, Zaneveld LJD.
Development of an assay to assess the functional integrity of the human sperm
membrane and its relationship to the



194

Jobim MIM, Oberst ER, Salbego CG, Souza DO, Wald VB, Tramontina F, Mattos
RC. Two-dimensional polyacrylamide gel electrophoresis of bovine seminal
plasma proteins and their relation with semen freezability. Theriogenology. 2004;
61: 255-266.

Jobim MIM, Oberst ER, Salbego CG, Wald VB, Horn AP, Mattos RC. BSP A1/A2-
like proteins in ram seminal plasma. Theriogenology. 2005; 63: 2053-2062.

Jochle W. Current research in coitus-induced ovulation: a review. | Reprod Fertil
Suppl. 1975; 22: 165-207.

Johnson L, Amann RP, Pickett BW, 1980. Maturation of equine epididymal

spermatozoa. Am | Vet Res. 41,1190-1196

Jones AR. Metabolism of lactate by mature boar spermatozoa. Reprod Fertil Dev.
1997; 9: 227-232.

Jones JI, Clemmons DR. Insulin-like growth factors and their binding proteins:
biological actions. Endocr Rev. 1995; 16: 3-34.

Jones R, Mann T, Sherins R]. Peroxidative breakdown of phospholipids in human
spermatozoa: spermicidal effects of fatty acid peroxides and protective action of
seminal plasma. Fertil Steril 1979; 31: 531-537.

Jones RC, Murdoch RN. Regulation of the motility and metabolism of
spermatozoa for storage in the epididymis of Eutherian and marsupial mammals.
Reprod Fertil Dev. 1996; 8: 553-558.

Kasai T, Ogawa K, Mizuno K, Nagai S, Uchida Y, Ohta S, Fujie M, Suzuki K,
Hirata S, HoshiK. Relationship between sperm mitochondrial membrane
potential, sperm motility, and fertility potential. Asian J. Androl 2002; 4: 97-103.
Kasimanickam R, Kasimanickam V, Thatcher CD, Nebel RL, Cassell BG.
Relationships among lipid peroxidation, glutathione peroxidase, superoxide
dismutase, sperm parameters, and competitive index in dairy bulls.
Theriogenology. 2007; 67:1004-1012.

Kaya A, Aksoy M, Tekeli T. Influence of ejaculation frequency on sperm
characteristics, ionic composition and enzymatic activity of seminal plasma in
rams. Small Rum Res. 2002; 44: 153-158.

Kelly RW. Contraception: Immunosupressive mechanisms in semen: implications
for contraception. Hum Reprod. 1995; 10: 1686-1693.

Kim JG, Parthasarathy S. Oxidation and the spermatozoa. Semin Reprod Med.
1998; 16: 235-339.

Kopf GS, Gerton GL. The mammalian sperm acrosome and the acrosome
reaction. In: Wassarman PM (ed.), Elements of Mammalian Fertilization. Boca
Raton, FL: CRC Press; 1991: 153-203.

Kovalski NN, de Lamirande E, Gagnon C. Reactive oxygen species generated by
human neutrophils inhibit sperm motility: protective effect of seminal plasma
and scavengers. Fertil Steril .1992; 58: 809-816.

Kulkarni, BA. Seminal Plasma immunoglobulins of the Indian buffalo Syst. Biol
Reprod Med 1984; 13: 87-91.



195

Kumar A, Farooq A. Effect of oxytocin on the concentration of fructose in the
accessory glands of mouse. Life Sci. 1994; 55: 19-24.
Kumar S, Millar JD, Watson PF.  The effect of cooling rate on the survival of

cryopreserved bull, ram and boar spermatozoa :a comparison of two controlled
rate cooling machines. Cryobiology 2003. 46: 246-53.

Kurz A, Viertel D, Herrmann A, Miiller K. Localization of phosphatidylserine in
boar sperm cell membranes during capacitation and acrosome reaction.
Reproduction 2005;130:615-626.

La Falci VSN, Tortorella H, Rodrigues JL, Brandelli A. Seasonal variation of goat
seminal plasma proteins. Theriogenology. 2002; 57: 1035-1048.

Laemmli, UK. Cleavage of structural proteins during the assembly of the head of
the bacteriophage

Langlais ], Roberts KD. A molecular membrane model of sperm capacitation and
the acrosome reaction of mammalian spermatozoa. Gamete Res. 1985; 12. 183-224.
Lardy HA, Ghosh D. Comparative metabolic behavior of epididymal and
ejaculated mammalian spermatozoa. Ann NY Acad Sci. 1952; 55: 594-596.

Leahy T, Marti JI, G. Evans G, Maxwell WMC. Seasonal variation in the
protective effect of seminal plasma on frozen-thawed ram spermatozoa. Animal
Reproduction Science 2010; 119: 147-153

Leboeuf B, Restall B, Salamon S. Production and storage of goat semen for
artificial insemination.

Lenzi A, Picardo M, Gandini L, Dondero F. Lipids of the sperm plasma
membrane: from polyunsaturated fatty acids considered as markers of sperm
function to possible scavenger therapy. Hum Reprod (Update). 1996; 2: 246-256.
Lewis-Jones DI, Aird IA, Biljan MM, Kingsland CR. Effects of sperm activity on
zinc and fructose concentrations in seminal plasma. Hum Reprod. 1996; 11: 2465-
2467.

Love CC. Kenney RM. The relationship of increased susceptibility of sperm DNA
to denaturation and fertility in the stallion. Theriogenology 1998; 50: 955-972.
Maegawa M, Kamada M, Irahara M Yamamoto S, Yoshikawa S, KasaiY, Ohmoto
Y, Gima H, Thaler CJ, Aono T. A repertoire of cytokines in human seminal
plasma. | Reprod Immunol. 2002; 54: 33-42.

Manjunath P, Chandonnet L, Baillargeon L, Roberts KD. Calmodulin-binding
proteins in bovine semen. | Reprod Fert. 1993; 97: 75-81.

Manjunath P, Chandonnet L, Leblond E, Desnoyers L. Major proteins of bovine
seminal vesicles bind to spermatozoa. Biol Reprod. 1994; 50: 27-37.

Manjunath P, Sairam MR. Purification and biochemical characterization of three
major acidic proteins (BSP-A1, BSP-A2 and BSP-A3) from bovine sminal plasma.
Biochem ]. 1987; 241: 685-692.

Manjunath P, Thérien I. Role of seminal plasma phospholipid-binding proteins in
sperm membrane lipid modification that occurs during capacitation. | Reprod
Immunol. 2002; 53: 109-119.



196

Mann T, Jones R, Sherins R. Oxygen damage, lipid peroxidation and motility of
spermatozoa In: Testicular development, structure and function Steinberger, A,
Steinberger, E, (eds) Raven Press, New York. 1980; 497-501.

Mann T. The biochemistry of semen and of the male reproductive tract 2nd ed
Methuen, London; 1964.

MannT, Lutwak-Mann C. Male reproductive function and semen In: physiology,
biochemistry and investigative andrology Berlin: Springer-Verlag. 1981; 495.
Marco-Jime nez F, Vicente ]S, Viudes-de-Castro MP.Seminal Plasma Composition
from Ejaculates Collected by Artificial Vagina and Electroejaculation in Guirra
Ram. Reprod Dom Anim 2008; 43: 403-408.

Margalit I, Rubinstein S, Breitbart H. A novel method for evaluating the
acrosomal status of mammalian spermatozoa. Arch. Androl. 1997; 39: 87-99.
Marion GD. The effect of sterile copulation on time of ovulation in dairy heifers. |
Dairy Sci. 1950; 33: 885-889.

Marion I, Juyena NS, Pasini G, Stelletta C. Relazione tra le proteine del liquido
seminale e la congelabilita del seme nell'alpaca (Lama Pacos) - Uno Studio
Preliminare. SIRA Bologna. 2010.

Marti E, Mara L, Marti JI, Muifio-Blanco T, Cebrian- Pérez JA. Seasonal variations
in antioxidant enzyme activity in ram seminal plasma. Theriogenology. 2007; 67:
1446-1454.

Marti E, Marti JI, Muino-Blanco T, Cebridn-Pérez JA. Effect of the
cryopreservation process on the activity and immunolocalization of antioxidant
enzymes in ram spermatozoa. | Androl. 2008; 29: 459-467.

Martin G, Sabido O, Durand P, Levy R. Cryopreservation induces an apoptosis-
like mechanism in bull sperm. Biol Reprod 2004; 71: 28-37.

Martin S, Reutelingsperger CPM, McGahon A, Rader JA, Van Schie R, La Face
DM. Early redistribution of plasma membrane phosphatidylserine is a general
feature of apoptosis regardless of the initiating stimulus: inhibition of
overexpression of Bcl-2 and Abl. | Exp Med 1995;182:1554-6.

Massanyi P, Trandzik ], Nad P, Toman R, Skalickd M, Korénekova B. Seminal
concentrations of trace elements in various animals and their correlations. Asian |
Androl. 2003; 5: 101-104.

Matousek J. Biological and immunological roles of proteins in the sperm of
domestic animals. Anim Reprod Sci. 1985; 8: 1-40.

Matsuoka T, Imai H, Asakuma S, Kohno H, Fukui Y. Changes of fructose
concentrations in seminal plasma and glucose and testosterone concentrations in
blood plasma in rams over the course of a year. | Reprod Dev. 2006; 52: 805-810.
Maxwell WMC, de Graaf SP, Ghaoui RE-H, Evans G. Seminal plasma effects on
sperm handling and female fertility. Soc Reprod Fertil Suppl. 2007; 64: 13-38.
Maxwell WMC, Evans G, Mortimer ST, Gillan L, Gellatly ES, McPhie CA. Normal
fertility in ewes after cervical insemination with frozen-thawed spermatozoa
supplemented with seminal plasma. Reprod Fertil Develop. 1999; 11: 123-126.



197

Maxwell WMC, Welch GR, Johnson LA. Viability and membrane integrity of
spermatozoa after dilution and flow cytometric sorting in the presence or absence
of seminal plasma. Reprod Fertil Dev. 1996; 8: 1165-1178.

Mazur P. Freezing of living cells: mechanism and implications. Am | Physiol 1984;
247:125-142.

Medeiro CMO, Forell F, Oliveira ATD, J.L. Rodrigues Gao D, Mazur P, Critser JK.
Current status of sperm cryopreservation: why isn’t it better? Theriogenology 2002;
57:327-344.

Meizel S. The importance of hydrolytic enzymes to an exocytotic event, the
mammalian sperm acrosome reaction. Biol Rev 1984; 59: 125-157.

Meseguer M, Garrido N, Mart1 nez-Conejero JA, Simo” n C, Pellicer A, Remohi1” J.
Role of cholesterol, calcium, and mitochondrial activity in the susceptibility for
cryodamage after a cycle of freezing and thawing fertility and sterility.2004; 81:3
Metafora S, Peluso G, Persico P, Ravagnan G, Esposito C, Porta R.
Immunosuppressive and anti-inflammatory properties of a major protein
secreted from the epithelium of the rat seminal vesicles. Biochem Pharmacol. 1989;
38:121 -131.

method of assessing membrane damage and post-thaw survival of ram
spermatozoa.

Miao ZR, Lin TK, Bongso TA, Zhou X, Cohen P, Lee KO. Effect of insulin-like
growth factors (IGFs) and IGF-binding proteins on in vitro sperm motility. Clin
Endocrinol. 1998; 49: 235-239.

Mitchell SE, Robinson JJ, King ME, McKelvey WA, Williams LM. Interleukin 8
in the cervix of non-pregnant ewes. Reproduction. 2002; 124: 409-416.

Moce E, Blanch E, Toma C, Graham JK. Use of Cholesterol in Sperm
Cryopreservation: Present Moment and Perspectives to Future. Reprod Dom Anim.
2010; 45: 57-66.

Moore Al, Squires EL, Graham JK. Effect of seminal plasma on the
cryopreservation of equine spermatozoa. Theriogenology 2005; 63: 2372-2381.
Morrier A, Castonguay F, Bailey JL. Conservation of fresh ram spermatozoa at
5°C in the presence of seminal plasma. Can | Anim Sci. 2003; 83: 221-227.

Morris GJ, Clark A. Cell at law temperatures. In: Grout BWW, Morris GJ, editors.
The effects of law temperatures on biological systems. London: Edward Arnold
1987; 72-119.

Mortimer ST, Maxwell WM. Effect of medium on the kinematics of frozen-
thawed ram spermatozoa. Reproduction 2004; 127: 285-91.

Mortimer D, Aitken R], Mortimer ST, Pacey AA, 1 : Workshop report: clinical

CASA-the quest for onsensus. Reprod Fertil Dev 1998; 7: 951-959.

Morton KM, Gibb Z, Bertoldo M, Chis Maxwell WM. Effect of diluent, dilution
rate and storage

Morton KM, Ruckholdt M, Evans G, Maxwell WMC. Quantification of the DNA
difference, and separation of X- and Y-bearing sperm in alpacas (Vicugna pacos).
Reprod Domest Anim 2008; 43: 638-642.



198

Morton KM, Thomson PC, Bailey K, Evans G, Maxwell WMC. Quality
Parameters for Alpaca (Vicugna pacos) Semen are Affected by Semen Collection
Procedure. Reprod Dom Anim 2010; 45: 637-643.

Mosaferi S, Niasari-Naslaji A, Abarghani A, Gharahdaghi AA, Gerami A.
Biophysical and biochemical characteristics of Bactrian camel semen collected by
artificial vagina. Theriogenology 2005; 63, 92-101.

Moses DF, de las Heras MA, Valcarcel A, Perez L, Baldassarre H. Use of
computerized motility analyzer for the evaluation of frozen-thawed ram
spermatozoa. Andrologia. 1995 ; 27: 25-29.

Moura AA, Chapman DA, Koc H, Killian GJ. A comprehensive proteomic
analysis of the accessory sex gland fluid from mature Holstein bulls. Anim Reprod
Sci. 2007; 98: 169-188.

Muifio-BlancoT, Pérez-Pé R, Cebridn-Pérez JA. Seminal plasma proteins and
sperm resistance to stress. Reprod Dom Anim. 2008; 43: 18-31.

Mukherjee DC, Agrawal AK, Manjunath R, Mukherjee AB. Suppression of
epididymal sperm antigenicity in the rabbit by uteroglobin and transglutaminase
in vitro. Science. 1983; 219: 989-991.

Muller K, Pomorski T, Muller P y Herrmann A. Stability of transbilayer
phospholipid asymmetry

Muratori M, Maggi M, Spinelli S, Filimberti E, Forti G, Baldi E. Spontaneous
DNA fragmentation in swimup selected human spermatozoa during long term
incubation. | Androl 2003; 24: 253-62.

Muratori M, Porazzi I, Luconi M, Marchiani S, Forti G, Baldi E. AnnexinV
binding and merocyanine staining fail to detect human sperm capacitation. J.
Androl. 2004; 25: 797-810.

Murti TR, Chandani SA, Khar A, Reddy GL, Bhargava PM. Seminal plasmin, a
bovine seminal plasma protein, lyses dividing but not resting mammalian cells.
Biochim Biophys Acta. 1994; 1221: 109-114.

Nagy S, Jansen ], Topper EK, Gadella BM. A triple-stain flow cytometric method
to assess plasma- and acrosome-membrane integrity of cryopreserved bovine
sperm immediately after thawing in presence of egg-yolk particles. Biol Reprod
2003;68:1828-35.

Nair SJ, Brar AS, Ahuja CS, Sangha SPS, Chaudhary KC. A comparative study on
lipid peroxidation, activities of antioxidant enzymes and viability of cattle and
buffalo bull spermatozoa during storage at refrigeration temperature. Anim
Reprod Sci. 2006; 96: 21-29.

Nass SJ, Miller D], Winer MA, Ax RL. Male accessory sex glands produce
heparin-binding proteins that bind to cauda epididymal spermatozoa and are
testosterone dependent. Mol Reprod Dev. 1990; 25: 237-246.

Nauc V, Manjunath P. Radioimmunoassays for bull seminal plasma proteins
(BSP-A1/-A2, BSP-A3, and BSP-30-kilodaltons), and their quantification in
seminal plasma and sperm. Biol Reprod. 2000; 63: 1058-1066.

Neild D, Chaves G, Flores M, Mora N, Beconi M, Aguero A. Hypoosmotic test in
equine spermatozoa. Theriogenology 1999; 51: 721-7.



199

Neumark H, Schindler H. Amino acids, amines and peptides of ram epidiymal
semen. | Reprod Ferti. 1967; 14: 469-471.

Nunez-Martinez I, Moran LM, Pena FJ. Do computer-assisted, morphometric-
derived sperm characteristics reflect DNA status in canine spermatozoa? Reprod
Domest. Anim 2005; 40: 537-543.

O’Flaherty C, Beconi M, Beorlegui N. Effect of natural antioxidants, superoxide
dismutase and hydrogen peroxide on capacitation of frozen-thawed bull
spermatozoa. Andrologia. 1997; 29: 269-275.

O’Flaherty CMO, Beorlegui NB, Beconi MT. Reactive oxygen species
requirements for bovine sperm capacitation and acrosome reaction.
Theriogenology 1999; 52: 289 -301.

O’Leary S, Jasper MJ, Warnes GM, Armstrong DT, Robertson SA. Seminal
plasma regulates endometrial cytokine expression, leukocyte recruitment and
embryo development in the pig. Reproduction. 2004; 128: 237-247.

Oehninger S, Duru NK, Srisombut C, Morshedi M. Assessment of sperm
cryodamage and strategies to improve outcome. Mol Cell Endocrin. 2001; 69: 3-10.
Ollero M, Cebrian-Perez JA, Muino-Blanco T. Improvement of Cryopreserved
Ram Sperm Heterogeneity and Viability by Addition of Seminal Plasma. Journal
of Andrology 1997; 18: 6.

Ollero M, Garcia-Lopez M, Cebridn-Pérez JA, Muifo-Blanco T. Viability of ram
spermatozoa in relation to the abstinence period and successive ejaculations. Int |
Androl. 1996; 19: 287-292.

Ollero M, Perez-Pe R, Muino- Blanco T, Cebrian - Perez JA. Improvement of ram

semen sperm cryopreservation protocols assessed by sperm quality parameters
and heterogeneity analysis. Cryobiology 1998; 37:1-28.

other semen characteristics. | Reprod Fertile 1984; 70: 219-225.

Paasch U, Sharma RK, Gupta AK, Grunewald S, Mascha EJ, Thomas Jr AJ,
Glander HJ, Agarwal A. Cryopreservation and thawing is associated with
varying extent of activation of apoptotic machinery in subsets of ejaculated
human spermatozoa. Biol Reprod 2004; 71: 1828-37.

Pan G, Chen Z, Liu X, Li D, Xie Q, Ling F, Fang L. Isolation and purification of
the ovulation-inducing factor from semlnal plasma in the bactrian camel (Camelus
bactrianus). Theriogenology 2001; 55: 1863-1879.

Pan G, Zhao X, Chen B, Jiang S, Huang Y, Zu Y, Wang H. Ovulation-inducing
effect of the seminal plasma injected intramuscularly in bactrian camel. Chinese
Agricul. Sci. 1986; 2: 78-84 (in Chinese).

Pan G, Zhao X, Chen S, Jiang S, Huang Y, Zu Y, Wang H. The ovulation-
inducing effect of seminal plasma in the Bactrian camel Allen , WR, Higgins,
AJ, Mayhew, IG, Snow, D, Wade, JF, (Eds) Proc 1st Int C Conf R&W
Publications, Newmarket. 1992; 159-161.

Paolicchi F, Urquieta B, Del Valle L, Bustos-Obregén E. Biological activity of the
seminal plasma of alpacas: stimulus for the production of LH by pituitary cells.
Anim Reprod Sci. 1999; 54: 203-210.



200

Pardiwalla BB, Kulkarni PP, Pardanani DS. Glyceryl phosphoryl choline levels in
cases of epididymitis. | Postgrad Med. 1980; 26: 250-252.

Parks JE, Graham JK. Effects of cryopreservation procedures on sperm
membranes. Theriogenology. 1992; 38. 209-222.

Parks JE, Hough SR. Platelet-activating factor acetylhydrolase activity in bovine
seminal plasma. | Androl. 1993; 14: 335-339.

Parks JE, Meacham TN, Saacke RG. Cholesterol and phospholipid of bovine
spermatozoa. Effect of liposomes prepared from egg phosphotidylcholine and
cholesterol on sperm cholesterol, phospholipids, and viability at 4°C and 37°C.
Biol Reprod 1981; 24: 399-404.

Parks JE. Hypothermia and mammalian gametes. In: Karow AM, Critser JK
(eds.), Reproductive Tissue Banking. San Diego: Academic Press. 1997; 229-261.
Patel AB, Srivastava S, Phadke RS, Govil G. Arginine activates glycolysis of goat
epididymal spermatozoa: an NMR study. Biophys J. 1998; 75: 1522-1528.

Paulenz H, Soderquist L, Adnoy T, Nordstoga A, Gulbrandsen B, Berg KA.
Fertility results after different thawing procedures for ram semen frozen in mini
tubes and mini straws. Theriogenology 2004; 61: 1719-1727.

Paz G, Lewin LM. Chemical composition of seminal fluid as a diagnostic aid in
clinical andrology. Harefuah 1992; 123: 328- 330.

Pellicer MT. Purificacion y caracterizacion del componente de la secretion
bulbouretral de macho cabrio implicado en el deterioro de la calida de los
espermatozoides diluidos en leche In: Tesina de Licenciatura Universidad de
Murcia. 1995; 200.

Pellicer-Rubio MT, MagallonT, CombarnousY. Deterioration of goat sperm
viability in milk extenders is due to a bulbourethral 60-kilodalton glycoprotein
with triglyceride lipase activity. Biol Reprod. 1997; 57: 1023- 1031.

Pena FJ, Johannisson A, Wallgren M, Rodriguez-Martinez H. Assessment of fresh
and frozen-thawed boar semen using an annexin-V assay: a new method of
evaluating sperm membrane integrity. Theriogenology 2003; 60: 677-689.

Pérez-Pé R, Barrios B, Muino-Blanco T, Cebrian-Pérez JA. Seasonal differences in
ram seminal plasma revealed by partition in an aqueous two-phase system. |
Chrom B. 2001a; 760: 113-121.

Pérez-Pé R, Cebridn-Pérez JA, Muiho-Blanco T. Semen plasma proteins prevent
cold-shock membrane damage to ram spermatozoa. Theriogenology. 2001b; 56:
425-434.

Pérez-pé R, Grasa P, Ferndndez-Juan M, Peleato ML, Cebrian-Pérez JA, Muifio-
Blanco T. Seminal plasma proteins reduce protein tyrosine phosphorylation in
the plasma membrane of cold-shocked ram spermatozoa. Mol Reprod Develop.
2002; 61: 226-233.

Peris SI, Morrier A, Dufour M, Bailey JL. Cryopreservation of ram semen
facilitates sperm DNA damage: Relationship between sperm andrological
parameters and the sperm chromatin structure assay. J. Androl. 2004; 25: 224-233.
Phillips DM, Mahler S. Phagocytosis of spermatozoa by the rabbit vagina. Anat
Rec.1977;18: 61-71.



201

Pickett BW, Komarek R]. Lipid and dry weight of bovine seminal plasma and
spermatozoa from first and second ejaculates. | Dairy Sci. 1966; 50:742-746.

Pickett BW, Komarek R]. Effect of cold shock and freezing on loss of lipid from
spermatozoa. | Dairy Sci 1967; 50: 753-770.

Poiani A. Complexity of seminal fluid: a review. Behav Ecol Sociobiol. 2006; 60:
289-310.

Pruitt JA, Arns MJ, Pool KC. Seminal plasma influences recovery of equine
spermatozoa following in wvitro culture (37°C) and cold storage (5°C).
Theriogenology. 1993; 9: 291-296.

Quinn PJ, White IG. The effect of cold shock and deep freezing on the
concentration of major cations in spermatozoa. | Reprod Fertil 1966; 12: 263-70.
Rao BR, Jairam BT, Pandey JN. Dehydrogenase activities of ram seminal plasma.
Ind Vet . 1984; 61: 171-173.

Rathi R, Colenbrander B, Bevers MM, Gadella BM. Evaluation of in vitro
capacitation of stallion spermatozoa. Biol. Reprod. 2001; 65: 462-470.

Ratto MH, Huanca W, Singh ], Adams GP. Comparison of the effect of ovulation-
inducing factor (OIF) in the seminal plasma of llamas, alpacas, and bulls.
Theriogenology. 2006; 66: 1102-1106.

Ratto MH, HuancaW, Singh J, Adams GP. Local versus systemic effect of
ovulation-inducing factor in the seminal plasma of alpacas. Repro Bio Endocrino.
2005; 3: 29-33.

Ravagnan L, Roumier T, Kroemer G. Mitochondria, the killer organelles and their
weapons. | Cell Physiol 2002;192: 131-137.

Razdan MN, Singal SP, Sheth AR, Wadadekar KB. Luteinizing hormone and
prolactin levels in blood serum and seminal plasma of cross-bred bulls. Ind | Exp
Biol. 1977; 15: 235-236.

Reddy ES, Das MR, Reddy EP, Bhargava PM. Inhibition of reverse transcriptases
by seminalplasmin. Biocher J. 1983; 209: 183-188.

Reddy ESP, Bhargava PM. Seminalplasmin—an antimicrobial protein from
bovine seminal plasma which acts in E coli by specific inhibition of rRNA
synthesis. Nature. 1979; 279: 725-728.

Robayo I, Montenegro V, Valdes C, Cox JF.CASA Assessment of Kinematic
Parameters of Ram Spermatozoa and their Relationship to Migration Efficiency in
Ruminant Cervical Mucus. Reprod Dom Anim 2008; 43: 393-399.

Robertson L, Watson PF, Plummer JM. Prior incubation reduces calcium uptake
and membrane disruption in boar spermatozoa subjected to cold shock. Cryo-
Lett. 1988; 9: 286-293.

Robertson SA, Sharkey DJ.The role of semen in induction of maternal immune
tolerance to pregnancy. Semin Immunol. 2001; 13: 243-254.

Robertson SA. Finding solutions: semen and maternal immune tolerance. Reprod
Fertil Dev. 2002; 14; 60.

Robertson SA. Seminal plasma and male factor signalling in the female
reproductive tract. Cell Tissue Res. 2005; 322: 43-52.



202

Rodri’guez-Martimez H. Can We Increase the Estimative Value of Semen
Assessment?. Reprod Dom Anim 2006; 41: 2-10.

Rozeboom K], Troedsson MH, Hodson HH, Shurson GC, Crabo BG. The
importance of seminal plasma on the fertility of subsequent artificial
inseminations in swine. | Anim Sci. 2000; 78. 443-448.

Sailer BL, Jost LK, Evenson DP. Bull sperm head morphometry related to
abnormal chromatin structure and fertility. Cytometry 1996; 24: 167-173.

Salamon S, Maxwell WMC. Frozen storage of ram semen. 1. Processing, freezing,
thawing, and fertility after cervical insemination. Anim Reprod Sci 1995; 37: 185-
249.

Salamon S, Maxwell WMC. Storage of ram semen. Anim Reprod Sci. 2000; 62: 77-
111.

Séanchez-Luengo S, Aumiiller G, Albrecht M, Sen PC, Réhm K, Wilhelm B.
Interaction of PDC-109, the major secretory protein from bull seminal vesicles,
with bovine sperm membrane Ca?*-ATPase. | Andro. 2004; 25: 234-244.
Sanchez-Partida LG, Windsor DP, Eppleston ], Setchell BP, Maxwell WMC.
Fertility and its relationship to motility characteristics of spermatozoa in ewes
after cervical, transcervical and intrauterine insemination with frowzen-thawed
ram semen. | Andro. 1999; 20: 280-288.

Sanchez-Partida LG, Windsor DP, Eppleston ], Setchell BP, Maxwell WMC.
Fertility and its relationship to motility characteristics of spermatozoa in ewes
after cervical, transcervical, and intrauterine insemination with frowzen-thawed
ram semen. Journal of Andrology 1999; 20: 280 - 288.

Sauerweina H, Breier BH, Gallaher BW, Gotz C, Kiifner G, MontagT, Vickers M,
Schallenberger E. Growth hormone treatment of breeding bulls used for artificial
insemination improves fertilization rates. Domest Anim Endocrinol. 2000; 18: 145-
158.

Scheit KH, Shivaji S, Bhargava PM. Seminalplasmin, an antimicrobial protein
from bull seminal plasma, inhibits growth, and synthesis of nucleic acids and
proteins in S cerevisiae. | Biochem. 1985; 97: 463-471.

Schoneck C, Braun ], Einspanier R. Sperm viability is influenced in vitro by the
bovine seminal protein aSFP: effects on motility, mitochondrial activity and lipid
peroxidation. Theriogenology. 1996; 45: 633-642.

Scott TW, Dawson RMC. Metabolism of phospholipids by Spermatozoa and
Seminal Plasma. Biochem |. 1968; 108: 457-463.

Selvaraju S, Reddy IJ, Nandia S, Rao SBN, Ravindra JP. Influence of IGF-I on
buffalo (Bubalus bubalis) spermatozoa motility, membrane integrity, lipid
peroxidation and fructose uptake in vitro. Anim Reprod Sci. 2009; 113: 60-70.
Setchell BP, Brooks DE. Anatomy, vasculature, innervation and fluids of the male
reproductive tract In: Knobil, E, Neill, ], The Physiology of Reproduction. Raven
Press, New York, 1988; 753-836.

Shannon P, Curson B. Site of aromatic L-amino acid oxidase in dead bovine
spermatozoa and determination of between-bull differences in the percentage of
dead spermatozoa by oxidase activity. | reprod Fert. 1981; 64: 469-473.



203

Shannon P, Curson B. Toxic effect and mode of action of dead sperm on diluted
bovine semen. | Diary Sci. 1972; 55: 614-620.

Shivaji S, Scheit KH, Bhargava PM. Proteins of Seminal plasma John Wiley &
Sons, New York. 1989; 331-356.

Shore L, Yehuda R, Marcus S, Bartoov B, Shemesh M. Effect of hCG injection on
prostaglandin E concentrations in ram seminal plasma. Prostaglandins & other
Lipid Mediators. 2003; 70: 291-301.

Sias B, Ferrato F, Pellicer-Rubio MT, Forgerit Y, Guillouet P, Leboeuf B, Carriere
F. Cloning and seasonal secretion of the pancreatic lipase-related protein 2
present in goat seminal plasma. Biochim Biophys Acta. 2005; 1686: 169~ 180.

Sidhu KS, Gill HK. Immunoreactive prolactin, progesterone and luteinizing
hormone in the seminal plasma of buffalo (Bubalus bubalis). Acta Vet Hung. 1992;
40: 27-32.

Sidhu KS, Guraya SS. Calmodulin-like protein in buffalo (Bubalus bubalis) seminal
plasma and its effect on sperm Ca++, Mg++-ATPase. Int | Andro. 1989; 12: 148-
154.

Sinha MP, Sinha AK, Singh BK, Prasad RL. The effect of glutathione on the
motility, enzyme leakage and fertility of frozen goat semen. Anim Reprod Sci.
1996; 41: 237-243.

Sion B, Janny L, Boucher D, Grizard G. Annexin V binding to plasma membrane
predicts the quality pf human cryopreserved spermatozoa. Int | Androl 2005; 27:
108-14.

Sirat MP, Sinha AK, Singh BK, Prasad RL. Effects of cryoprotectants on release of
various enzymes from buck spermatozoa during freezing. Theriogenology. 1996;
45: 405-416.

Sirat MP, Sinna AK, Singh BK, Prasad RI. Effect of cryoprotectants on release of
various enzymes from buck spermatozoa during freezing. Theriogenology 1995; 45:
405 - 416.

Sitaram N, Krishnakumari V, Nagaraj R. The antibacterial peptide
seminalplasmin alters permeability of the inner membrane of E coli. FEBS Lett.
1992; 303: 265-268.

Sitaram N, Subbalakshmi C, Krishnakumari V, Nagaraj R. Identifcation of the
region that plays an important role in determining antibacterial activity of bovine
seminalplasmin. FEBS Lett. 1997; 400: 289-292.

Slaweta R, Laskowaska T.The effect of glutatione on the motility and fertility of
frozen bull semen. Anim Reprod Sci. 1987; 13: 249-253.

Smith JF, Parr J, Murray GRM, Mcdonald RM, Lee RSF. Seasonal changes in the
protein content and composition of ram seminal plasma. Proc NZ Soc Anim
Reprod. 1999; 59: 223-225.

Soubeyrand S, Lazure C, Manjunath P. Phospholipase A, from bovine seminal
plasma is a platelet-activating factor acetylhydrolase. Biochem ]. 1998; 329: 41-47.
Souza CE, Moura AA, Monaco E, Killian GJ. Binding patterns of bovine seminal
plasma proteins A1/A2, 30 kDa and osteopontin on ejaculated sperm before and



204

after incubation with isthmic and ampullary oviductal fluid. Anim Reprod Sci.
2008; 105: 72-89.

Storey BT, Noiles EE, Thompson KA. 1998. Comparison of glycerol, other
polyols, trehalose, and raffinose to provide a defined cryoprotectant medium for
mouse sperm cryopreservation. Cryobiology 1998; 37: 46-58.

Sukardi S, Curry MR, Watson PF. Simultaneous detection of the acrosomal status
and viability of incubated ram spermatozoa using fluorescent markers. Animal
Reproduction Science 1997; 46: 89-96.

Sumar ]. Effects of various ovulation induction stimuli in alpacas and llamas. |
Arid Env. 1994; 26: 39-45.

T4. Nature 1970; 227: 680-685.

Taha TA, Abdel-Gawad EI, Ayoub MA. Monthly variations in some reproductive
parameters of Barki and Awassi rams throughout 1 year under subtropical
conditions 2- Biochemical and enzymatic properties of seminal plasma. | Anim
Sci. 2000; 71: 325-332.

Tang FY, Hoskins DD. Phosphoprotein phosphatase of bovine epididymal
spermatozoa. Biochem Biophys Res Comm. 1975; 62: 328-335.

Teixeira DIA, Cavada BS, Sampaio AH, Havt A, Bloch CJr, Prates MB, Moreno
FB, Santos EA, Gadelha CA, Gadelha TS, Criséstomo FS, Freitas VJF. Isolation
and partial characterization of a protein from buck seminal plasma (Capra hircus),
homologous to spermadhesins. Prot Pept Lett. 2002; 9: 331-335.

Teixeira DIA, Melo LM, Gadelha CAA, Cunha RMS, Bloch CJr, Radis-Baptista G,
Cavada BS, Freitas VJF. Ion-exchange chromatography used to isolate a
spermadhesin-related protein from domestic goat (Capra hircus) seminal plasma.
Gen Mol Res. 2006; 5: 79-87.

temperature on longevity and functional integrity of liquid stored alpaca
(Vicugna pacos) semen. |

The’rien I, Soubeyrand S, Manjunath P. Major proteins of bovine seminal plasma
modulate sperm capacitation by high-density lipoprotein. Biol Reprod 1997; 57:
1080-1088.

Thérien I, Bousquet D, Manjunath P. Effect of seminal phospholipid-binding
proteins and follicular fluid on bovine sperm capacitation. Biol Reprod. 2001; 65:
41-51.

Therien I, Moreau R, Manjunath P. Major proteins of bovine seminal plasma and
high-density lipoprotein induce cholesterol efflux from epididymal sperm. Biol
Reprod 1998; 59: 768-76.

Theriogenology 1994; 41: 483-489.

Theriogenology 2003; 59: 1487-1502 .

Thomas CA, Garner DL, De Jarnette LM, Marshall CE. Effect of cryopreservation
of bovine sperm organelle function and viability as determined by flow
cytometry. Biol. Reprod. 1998; 58: 786-793.

Thomas CA, Garner DL, De Jarnette LM, Marshall CE. Fluorometric assessments
of acrosomal integrity and viability in cryopreserved bovine spermatozoa. Biol.
Reprod. 1997; 56: 991-998.



205

Thomas CJ, Anbazhagan V, Ramakrishnan M, Sultan N, Surolia I, Swamy M].
Mechanism of membrane binding by the bovine seminal plasma protein, PDC-
109: a surface plasmon resonance study. Biophys ]. 2003; 84: 3037-3044.

Thurston LM, Watson PF, Holt WV. Semen cryopreservation:a genetic
explanation for species and individual variation? Cryo Lett. 2002; 23: 255-262.
Tibary A and Vaughan JL. 'Reproductive physiology and infertility in male
South American

Tibary A, Memon MA. 'Reproduction in the male South American Camelidae. J.
Camel Prac. Res.1999; 6: 235-248.

Tibary A, Memon MA. 'Reproductive physiology in the female South American
camelidae. | Camel Prac Res 1999; 6: 217-233.

Topfer-Petersen E, Romero A, Varela PF, Ekhlasi-Hundrierser M, Dostalova Z,
Sanz L, Calvete J]. Spermadhesins: a new protein family Facts, hypotheses and
perspectives. Andrologia 1998; 30: 217-224.

Tremblay RR, Demers P, Besancon ], Lemay JP. Alpha-1,4-glucosidase activity in
ram seminal plasma is inversely related to serum testosterone. Enzyme 1990; 43:
107-111.

Trinchero GD, Affranchino MA, Schang LM, Beconi MT. Antioxidant effect of
bovine spermatozoa on lipid peroxidation. Corn Biol 1990; 8: 339-350.

Troedsson MHT, Desvousges A, Alghamdi AS, Dahms B, Dow CA, Hayna J,
Valesco R, Collahan PT, Macpherson ML, Pozor M, Buhi MC. Components in
seminal plasma regulating sperm transport and elimination. Anim Reprod Sci
2005; 89: 171-186.

Troedsson MHT, Lee CS, Franklin R. 2000. Post-breeding uterine inflammation:
the role of seminal plasma. | Reprod Fertil Suppl 2000: 56: 341-349.

Tummaruk P, Lundeheim N, Einarsson S, Dalin AM. Reproductive performance
of purebred Swedish Landrace and Swedish Yorkshire sows: II, Effect of mating
type, weaning-to-first service interval and lactation length. Acta Agricul Scand
2000; 50: 217-224.

Turner RM. Tales from the tail: what do we really know about sperm motility? |
Androl 2003; 24: 790-803.

Upreti GC, Hall EL, Koppens D, Olivier JE, Vishwanath R. Studies on the
measurement of phospholipase A> (PLA2) and PLA2 inhibitor activities in ram
semen. Anim Reprod Sci 1999; 56: 107-121.

Upreti GC, Jensen K, Munday R, Vishwanath R, Smith JF. Studies on ram
spermatozoal aromatic amino acid oxidase. Proc Aust Soc Reprod Biol 1994; 26:
115.

Upreti GC, Payne SR, Duganzich DM, Oliver JE, Smith, JF. Enzyme leakage
during cryopreservation of ram spermatozoa. Anim Reprod Sci 1996; 41: 27-36.
Urner FO, Sakkas D. 2Protein phosphorylation in mammalian spermatozoa.
Reproduction 2003; 125: 17-26.

Valcarcel A, de las Heras MA, Pérez L, Moses DF, y Baldassarre H. 1994
Fluorescent staining as a



206

Valdivia M, Suyo M, Manosalva I. 'Cryopreservation and immunoreactivity of
proacrosin/acrosin system in alpaca spermatozoa. Biol. Reprod Suppl 2000; 62:
103.

Valentovicova J, Simon M, Antalikové ]J. Function of complement regulatory
proteins in immunity of reproduction: a review. Czech | Anim Sci 2005; 50: 135~
141.

Van Saun R]J. Effect of nutrition on reproduction in llamas and alpacas.
Theriogenology 2008; 70: 508-514.

Varisli O, Uguzb C, Agcac C, Agcac Y.otility and acrosomal integrity

comparisons between electro-ejaculated and epididymal ram sperm after
exposure to a range of anisosmotic solutions, cryoprotective agents and low

temperatures. Ani Repro Sci 2009; 110: 256-268.

Vaughan JL, Macmillan KL, Anderson GA D'Occhio M]J. 'Effects of mating
behaviour and the ovarian follicular state of female alpacas on conception'. Aust
Vet | 2003b; 81: 86-90.

Vaughan JL, Galloway D and Hopkins D. Artificial insemination in alpacas
(Lama pacos). RIRDC project; no. AAA-IA. , Rural Industries Research and
Development Corporation. 2003; 90.

Vazquez I, Graham EF, Martinez F, Alcaide M, Soriano I. Eleventh Congress on
Animal Reproduction and Assisted Insemination. Dublin, Ireland 1988; 3: 305-6.
Vera O, Vasqucza LA, Mufioz MG Semen quality and presence of cytokines in
seminal fluid of bull ejaculates. Theriogenology 2003; 60: 553-558.

Villemure M, Lazure C, Manjunath P. Isolation and characterization of gelatin-
binding proteins from goat seminal plasma. Reprod Biol Endocrinol 2003; 1: 39-48.
Virro MR, K. Larson-Cook KL, Evenson DP. Sperm chromatin structure assay
(SCSA) parameters are related to fertilization, blastocyst development, and
ongoing pregnancy in in vitro fertilization and intracytoplasmic sperm injection
cycles. Fertil. Steril. 2004; 81:1289-1295.

Visconti PE, Galantino-Homer H, Moore GD, Bailey JL, Ning X, Fomes M, Kopf
GS. The molecular basis of sperm capacitation. ] Androl 1998; 19: 242-248.

Visconti PE. Understanding the molecular basis of sperm capacitation through
kinase design. The National Academy of Sciences of the USA. 2009; 106: 667-668.
Vyas S, Goswami P, Rai AK, Khanna ND. 'Use of tris and lactose extenders in
preservation of camel semen at refrigerated temperature', Indian Vet ] 1998; 75:
810-812.

Ward CR, Kopf GS. Molecular events mediating sperm activation. Dev Biol
1993;158:9-34.

Ward CR, Storey BT. Determination of the time course of capacitation in mouse
spermatozoa using a chlortetracycline fluorescence assay. Dcv Biol 1984: 104: 287-
296.

Ward WS, Coffey DS. DNA packaging and organization in mammalian
spermatozoa: comparison with somatic cells. Biol Reprod 1991; 44: 569-574.



207

Wassarman PM. Towards molecular mechanisms for gamete adhesion and fusion
during mammalian fertilization. Curr Opin Cell Biol 1995; 7: 6658-6664.

Watson PF, Kunze E, Cramer P, Hammerstedt RH. A comparison of critical
osmolality, hydraulic conductivity and its activation energy in fowl and bull
spermatozoa. | Androl 1992; 13: 131-138.

Watson PF. Recent developments and concepts in the cryopreservation of
spermatozoa and the assessment of their post-thawing function. Reprod Fertil Dev
1995; 7: 871-891

Watson PF. The causes of reduced fertility with cryopreserved semen. Anim
Reprod Sci 2000; 60-61: 481-492.

Watson PF. The effects of cold shock on sperm cell membranes. In: Morris, G.J.,
Clarke, A._Eds.. Effects of Low Temperatures on Biological Membranes. Academic
Press, London 1981; 189-218.

Weil M, Jacobson MD, Raff MC. Are caspases involved in the death of cells with
a transcriptionally inactive nucleus?Sperm and chicken erythrocytes. J Cell Sci
1998; 111: 2707-2715

Wempe F, Wagner S, Kammer H, Krauhs E, Scheit KH. Seminalplasmin, the
major basic protein of bull seminal plasma, is a secretory protein of the seminal
vesicles. Biochim Biophys Acta.1990; 1034: 260-262.

White IG, Goh P, Voglmayr JK. Effect of male reproductive tract fluids and
proteins on the metabolism and motility of ram spermatozoa. Arch Androl. 1987;
19: 115-125.

White IG, Wallace JC. Breakdown of seminal glycerylphosphorylcholine by
secretions of the female reproductive tract. Nature. 1961; 189: 843-844.

White IG. Lipids and Ca_2 uptakes of sperm in relation to cold shock and
preservation: a review. Reprod Fertil Dev 1993; 5: 639-658.

Williamson P, Mattocks K, Schlegel RA. Merocyanine 540, a fluorescent probe
sensitive to lipid packing. Biochim. Biophys. Acta 1983; 732: 387-393.

Wong WY, Flik G, Groenen PM, Swinkels DW, Thomas CM, Copius-Peereboom
JH, Merkus HM, Steegers- Theunissen RP. The impact of calcium, magnesium
zinc, and copper in blood and seminal plasma on semen parameters in men.
Reprod Toxicol. 2001; 15: 131-136.

Wundrich K, Paasch U, Leicht M, Glander HJ. Activation of caspases in human
spermatozoa during cryopreservation—an immunoblot study. Cell Tissue Bank
2006; 7: 81-90.

Xu ZZ, McDonald MF, McCutcheon SN, Blair HT. Seasonal-variation in testis
size, gonadotropin-secretion and pituitary-responsiveness to GnRH in rams of 2
breeds differing in time of onset of the breeding-season. Anim Reprod Sci 1991; 26:
281-292.

Yanagimachi R. Fertility of mammalian spermatozoa: its development and
relativity. Zygote 1994; 2: 371-372.

Yanagimachi R. Mammalian fertilization. In: Knobil E, Neill JD (eds.).The
Physiology of Reproduction 2nd ed. New York: Raven Press. 1994: 189-317.



208

Yanagimachi R. The movement of golden hamster sperm before and after sperm
capacitation. Journal of Reproduction of Fertility 1970; 23: 193-196.

Yu B, Zhao Y, Zhao W, Chen F, Liu Y, Zhang J, Fu W, Zong Z, Yu A, Guan Y.
The inhibitory effect of BSP-A1/-A2 on protein kinase C and tyrosine protein
kinase. Cell Biochem Func 2003; 21: 183-188.

Yuan YY, Chen WY, Shi QX, Mao LZ, Yu SQ, Fang X, Roldan ERS. Zona
pellucida induces activation of phospholipase A, during acrosomal exocytosis in
guinea pig spermatozoa. Biol Reprod 2003; 68: 904-913.

Zaneveld L]JD, Jeyendran RS, Krajeski P, Coetzee K, Ktuger TF, Lombard LJ.
Hypoosmotic swelling test. In: Acosta AA, Swanson R], Ackerman SB, Kruger TF,
Van Zyl JA, Menkveld R (eds), Human Spermatozoa in Assisted Reproduction.
Baltimore: Williams and Wilkins 1990; 223-227.

Zavos PM. Principles of cryopreservation of human spermatozoa: state-of-the-art.
Infertility 1991; 13: 239-246.

Zedda MT, Bini PP, Pau S, Sbernardori U. Constitute of seminal plasma and
blood serum of the ram. | Biol Res Boll Soc It Biol 1996; 227-230.

Zhang BR, Larsson B, Lundeheim N, Rodriguez-Martinez H. Sperm
characteristics and zona pellucida binding in relation to field fertility of frozen-
thawed semen from dairy Al bulls. Int | And 1998; 21: 207-216.

Zhao XX, Huang HY, Chen BX . Studies on the semen characteristics of Bactrian
camel semen. Chin. | Anim Sci 1992; 28: 13-15.

Zhao-Qi L, Wei-Qi, L, Wur-Nisa, Xiao-Hui G, Yun-Ying L, Xiao-ling G, Tie-shan
S, Luo- zun X. The quality of frozen ram semen measured by biochemical
methods and the electron microscope (in Mandarin). Acta Vet Zootech Sin 1982;
13: 241-246.

Zhou J, Bondy C. Anatomy of the insulin-like growth factor system in the
human testis. Fertil Steril 1993; 60: 897-904.

Zou C, Yang Z. Evaluation on sperm quality of freshly ejaculated boar semen
during in vitro storage under different temperatures. Theriogenology 2000; 53:
1477-88.

Zubkova EV, Robaire B. Effect of glutathione depletion on antioxidant enzymes
in the epididymes, seminal vesicles, and liver and on spermatozoa motility in the
aging brown Norway rat. Biol Reprod 2004; 71: 1002-1008.



APPENDIXI - LIST OF FIGURES

Page
NO
Figure 1.1. Schematic presentation of spermatozoa(A), cross sectin of 3
midpiece(B) and Principal piece(C)
Figure 1.2. A model for sperm motility activation 7

Figure 1.3. Molecular basis of fast and slow events associated with sperm 9
capacitation.

Figure 1.4. Schematic representation of Acrosome react ion in mammalian 12
spermatozoa.

Figure 1.5. Schematic presentation of male reproductive systems of bull, goat, 14
and camel.

Figure 1.6. A model of SP stuctures and functions 18

Figure 1.7. Discrimination between intact and plasma membrane damaged 47
sperm using DNA affinity probes

Figure 1.8. Diagrammatic illustration of different sperm swelling patterns as 48
measured by HOST.

Figure 1.9. Chlortetracycline fluorescent staining patterns for uncapacitated 49
(F), capacitated (B) and acrosome reacted (AR) spermatozoa.

Figure 1.10. Schematic presentation of apoptotic process. 53
Figure 1.11. Mechanism of sperm protection by egg yolk (EY) and milk 64
Figure 2.1. Ram spermatozoa stained with CFDA /PI. 78
Figure 2.2. Ram spermatozoa in hypo osmotic solution 79
Figure 2.3. Ram spermatozoa with Annexin V staining 81
Figure 2.4. Experimental design used for this study 83
Figure 2.5. Collection of epididymal sperm. 90
Figure 2.6. Schematic presentation of BCS measurement 95
Figure 2.7 . Modified AV used for this study. 96
Figure 2.8. Semen collection from alpaca semen. 97
Figure 2.9. Viscous alpaca semen. 98
Figure 2.10. Alpaca spermatozoa with CFDA /PI stain. 103
Figure 2.11. Alpaca spermatozoa with coiled tail (HOST+ve). 104
Figure 2.12. Experimental design used for this study. 107
Figure 3.1. Changes in Motility % in different groups after cryopreservation 110

Figure 3.2. Changes in Motility score in different groups after cryopreservation 111

Figure 3.3.Values of viability assay of post thaw spermatozoa in differentrams 114

Figure 3.4. Values of Annexin V assay of post thaw spermatozoa in different 114
rams

Figure 3.5. % of post thaw motile, progressively motile and HOST+ in different 115
rams

Figure 3.6. Example of flow cytometric dot plot of fresh ram semen 116

Figure 3.7. Example of flow cytometric dot plot of viability of frozen thaw ram 116
semen

Figure 3.8. Example of flow cytometric dot plot of Annexine V of frozen thaw 116




ram semen

Figure 3.9a Quantitative Protein composition of SP of Alpagota ram. 123
Figure 3.9b Quantitative Protein composition of SP of Foza ram. 123
Figure 3.9c Quantitative Protein composition of SP of Padovana ram. 124
Figure 3.9d Quantitative Protein composition of SP of Lamon ram. 124
Figure 3.10. Changes in semen volume of alpaca during four period 131
Figure 3.11. Changes in semen concentration of alpaca during four period 131
Figure 3.12. Changes in semen motility of alpaca during four period 131
Figure 3.13. Changes in semen viscosity of alpaca during four period 131
Figure 3.14. Changes in semen collection time of alpaca during four period 132
Figure 3.15. Changes in BCS of alpaca during four period 132
Figure 3.16a e b. Changes in Testicular volume of alpaca during four period 132
Figure 3.17a,b,c,d.. Effect of diet on the quantitative protein composition of 136 137
alpaca SP.

Figure 3.18.HOST+ % in pre freezing and post thawing alpaca semen. 144
Figure 3.19. Motility % in pre freezing and post thawing alpaca semen. 144




APPENDIXII - LIST OF TABLES

Table-1.1. Composition of SP in ruminants and camelids. 17

Table-1.2: Phospholipids composition (% of total phospholipids) of ruminant | 31

SP

Table-1.3: Kinematic parameters used for CASA system. 45

Table 2.1. Time schedule and diets for experimental period 94

Table 3.1. Values of seminal parameters of ejaculates collected from different | 112

rams

Table 3.2. Pearson's correlation of different quality parameters of fresh semen | 113

Table 3.3.Post-thaw values of semen parameters with different assays in | 117

different groups

Table3.4. Post-thaw subjective motility and CASA kinetics values of | 118

spermatozoa in different groups.

Table 3.5. Pearson's correlation coefficients of agreement between proportion | 119

of post-thaw semen quality parameters assessed by different methods.

Table 3.6.Pearson's correlation coefficients between post-thaw seminal | 120

parameters and CASA kinetic parameters.

Table 3.7.Concentration of different biochemical component of SP. 121

Table 3.8.Protein profiles of SP. 122

Table 3.9. Pearson's correlation coefficients of SP elements and fresh semen | 125

parameters.

Table 3.10. Pearson's correlation coefficient of PP and semen parameters. 126

Table 3.11.Values of post-thaw epididymal sperm quality parameters in two | 127

treatment groups.

Table 3.12.Person's correlation coefficient among different sperm quality 128

parameters.

Table 3.13. Pearson's correlation coefficient between CASA kinetics parameters | 128

and other epididymal sperm quality parameters.

Table 3.14. Energy profiles and total protein concentrations in Alpaca SP in 134

four periods.

Table 3.15. Enzymes values in Alpaca SP collected during study periods. 135

Table 3.16. Effect of diet on SP protein profiles observed in Alpacas 138

Table 3.17. Values of Alpaca fresh semen parameters. 139

Table 3.18. Pearson's correlation coefficient for Alpaca fresh semen quality | 140

parameters and semen collection times.

Table 3.19: Quantitative values of PP obtained by 1-D PAGE 141
141

Table 3.20. Biochemical parameters of fresh Alpaca SP




Table3.21. Correlation coefficient between quality parameters with
macroelements of SP.

142

Table 3.22. Relation of total protein, energy profiles and enzymes of SP with | 143
semen quality parameters.
Table 3.23. Values of post-thawed alpaca semen quality parameters 143
Table 3.24.Pearson's correlation coefficient between cooled semen quality | 147
parameters and SP components in four groups.
Table 3.25. Pearson's correlation coefficient between cooled semen quality | 148
parameters and SP protein profiles in four groups.
Table 3.26. Pearson's correlation coefficient between post-thaw semen quality | 149
parameters and SP components in F group.
Table 3.27. Pearson's correlation coefficient between post-thaw semen quality | 150
parameters and SP protein profiles in F group.
Table 3.28. Pearson's correlation coefficient between post-thaw semen quality | 150
parameters and SP components in G group.
Table 3.29. Pearson's correlation coefficient between post-thaw semen quality | 151
parameters and SP protein profiles in G group.
Table 3.30. Pearson's correlation coefficient between post-thaw semen quality | 151
parameters and SP components in T group.
Table 3.31. Pearson's correlation coefficient between post-thaw semen quality | 152
parameters and SP protein profiles in T group.
Table 3.32. Pearson correlation coefficient between post-thaw semen quality | 152
parameters and SP components in S group

153

Table 3.33. Pearson's correlation coefficient between post-thaw semen quality
parameters and SP protein profiles S group.




ACKNOWLEDGEMENTS

I wish to acknowledge the immeasurable grace, profound kindness and blessing
of “Almighty Allah” without Whose desire I could not have materialized my dream to
acquire the degree of Doctor of philosophy (Ph.D) on animal reproduction in Doctoral

School of Veterinary Sciences, University of Padua, Italy.

I honored to express my deepest gratitude and indebtedness for effective kind
cooperation, helpful suggestion, to my respected supervisor, Dr. Calogero Stelletta,
Department of Veterinary Clinical Science, Faculty of Veterinary Medicine, University
of Padua for successful completion of the thesis work and preparation of this
manuscript. A lot of thanks for sharing with me his inexhaustible capacity to create and

develop new ideas in the pursuit of improving my work.

I also express unqualified gratefulness and sincere appreciation to respected
Professor Dr. Stefano Romagnoli, Department of Clinical Veterinary Science, Faculty of
Veterinary Medicine, University of Padua, Italy, for his helpful and constructive

guidelines and for giving me opportunity to pursue my higher studies.

I would like to thank Dr. Maria Dattena, DIRPA, AGRIS SARDENA, for her
immense help in my career. Also special thank Dr. Antonella Stefania, Dr. Gabriela
Pasini Antonella Casu, Valle, Esabela, for their help and support in using Flow

cytometer, fluorescence microscope.

Also special thank to Dr. Laura, Daniela, Franko, Noelia, Valleria, with whom I

shared great moments of hard work and friendship.

The late Francesca Bevilacqua, I will never forget her example of optimism and

perseverance, she was a wonderful person. She will be always missed.

Most sincere appreciation and gratefulness are extended to Professor T. Muino-
Blanco, and Professor J.A. Cebri’an-Pérez for providing the facilities and allowing me

to work with them in University of Zaragoza, Spain.

5



A lot of thanks o Antonio, Tore, Gampiero, Paolo Zuccini, Manuele for their

technical support.

I would like to express my cordial appreciation and so many thanks to my
dearest husband Dr. Mohammad Habibur Rahman Mollah for his kind cooperation

,constant inspiration and encouragement to acquire higher degree.

I am ever indebted to my parents, father-in-law, sister, brother, my brother in
law, sister-in law, nephews and nieces for their blessings, constant inspiration and

encouragement.

Thanks and appreciation are also extended to for their help during the period of

this work.

Last but not the least thanks are extended to all his friends, relatives and well-

wishers who were directly and indirectly helpful during the study.

THE AUTHOR



