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Chapter 1

General Introduction

The South African sheep population is consisteh#ing improved as result of local and
international trade of superior genetic materidde Two major systems that are used for this
purpose are the transport of live animals and éxgioirozen ram semeifor decades there
has been speculation regarding the exploitatiorstidep breeds indigenous to Southern
Africa regarding food security. It has been allegedt these indigenous sheep breeds
(including the Damara, Namaqua Afrikaner, Pedi gntli breeds) are specially adapted to
the South African arid environmental conditions apdssess certain favourable traits
(excellent mothering ability, natural tolerancestdernal parasites and diseases, high fertility,
etc.), which could be incorporated into a viablal gmofitable crossbreeding programme
(Ramsayet al., 2001). In order to exploit the productive tradsthe Damara, Namaqua
Afrikaner, Pedi and Zulu sheep, it is however eBakthat the genetic material (in this case
the male) firstly be characterized and gametesct@tl and preserved{situ andex-situ),

for future use and incorporation in sheep breegnogrammes.

For improving reproductive performance, severaistess reproductive technologies (ART'’S),
such as artificial insemination, multiple ovulatiamd embryo transfer (MOET)n vitro
embryo production (IVEP) and semen cryopreservatem be used. Artificial insemination
is the most widely used ART and has made the migsifisant contribution to genetic
improvement worldwide (Evans & Maxwell, 1987; Leli§e2000). For successful artificial
insemination, ram semen specific cryopreservatiootogols should be developed. The
cryopreservation technique includes temperatureiatgzh, cellular dehydration, eventual
freezing and subsequent thawing (Medeimisal., 2002). The lowering from room
temperature to 4°C reduces cellular metabolic #@gtand increases the life span of the sperm
cells. Cryopreservation has been shown to stogedlllar activities, restarting its normal

metabolic functions, after thawing (Mazur, 1984).

Sperm cryopreservation usually induces the formatibintracellular ice crystals, osmotic
and chilling injury, which causes sperm cell damamytoplasmic fracture, or even effects on
the cytoskeleton or the genome related structusestienko, 2003). The main changes that

occur during the freezing of gametes are mainlgteel to ultra-structural, biochemical and
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functional activities, which may ultimately impaperm transport and decrease the survival
rate in the female reproductive tract, thereby caayfertility. Ultra-structural sperm damage

is generally greater in the ram than in the bull #rus seems to be species-related (Salamon
& Maxwell, 2000).

Sperm preservation protocols differ between anispakcies, due to their inherent abilities to
accommodate variations in semen extenders usetieincdoling and freezing processes
(Barbas &Mascarenha2009). These differences between species regarding thetisén

of their sperm to cooling are then largely attrézltto the compositional variation of the

sperm plasma membranes (Bailetyal., 2000). Differences in fatty acid composition and
sterol levels of the cell membrane have also basspaated with the tolerance of sperm to
cold shock and cryopreservation. Thus, the obsemathtion between species in sperm
survival rate, after freezing and thawing, has battmbuted to these differences. There may
then also be considerable differences between breed between individual males,

regarding the ‘freezability’ of their semen (Hiemnastt al., 2005).

A thorough knowledge of the sperm physiology fospecific species is thus essential to
maximize post-thaw sperm survival and subsequentlitie (Purdy, 2006). Protocols for
different species, including the ram have been ldgeel and tested over time on various
exotic breeds. There is however a need to studycharhcterize the quality of indigenous (in
this case, South African) ram semen, as it ultilgadetermines the fertility rate achieved. It
is deemed necessary to cryopreserve indigenoussesmen and to develop extenders that
may optimise the sperm cryosurvival and guaranbesr tsurvival and viability. Sperm
quality and its relationship to male fertility aoé utmost importance in animal breeding.
Moreover, standard sperm analyses are routinelyeimgnted to determine the acceptability
of processed semen for breeding purposes. In thidysthe Computer Assisted Sperm
Analysis (CASA) system has been used to accuratelgsure the motility characteristics of

the indigenous ram sperm cells, as it gives radiainld repeatable results.

Semen evaluation and cryopreservation studies bhaea done in the past, using different
cryoprotectants and ram breeds of different agesditierent nutritional regimes and at
various time of the year (season) — all factors toald affect the semen quality and quantity.
To date no study has been conducted on the semaityqof certain indigenous South

African ram breeds (in this case the Damara, Namakfukaner, Pedi and Zulu) and the
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potential of their gametes (sperm) to be preserixge to practical reasons, the semen
collected from the different breeds was done wlih &id of the electro-ejaculator, which is

not the preferred method. It is generally accephed the quality of semen obtained when
using the electro-ejaculator is inferior to thattasbed when using the artificial vagina

(Greyling & Grobbelaar, 1983).

The objectives of this study were thus to char&xeindigenous South African ram semen
macroscopically (volume, pH and sperm concentrat@md microscopically (sperm cell

viability and motility rate), determine a suitaldéorage temperature (5°C vs. 15°C) and
storage time for diluted ram semen prior to Al. Al® determine the effect of storage
temperature and period on ram sperm motility arldoity characteristics of semen diluted
with an extender containing glycerol, prior to goyeservation and artificial insemination. It
was further to determine the optimal glycerol irsotun level in a standard cryopreservation
diluent for South African indigenous ram semen, aathpare programmable slow cooling

rates with the use of liquid nitrogen vapour in tingopreservation of indigenous ram semen.



Chapter 2

Literature review

Factors affecting cryopreservation and post thaw \ability of ram semen

2.1 Description of semen

Semen is the liquid cellular suspension contairspgrm cells and secretions from the
accessory organs of the male reproductive trac.flliid portion of the ejaculate is known as
seminal plasma (Hafez & Hafez, 2000). The medicalahary describes semen as the penile

ejaculate; a thick, yellowish-white, viscous fladntaining sperm cells.

2.2 Production of semen

2.2.1 Site of production

Sperm cells are produced in the seminiferous tgbafethe testis through a process called
spermatogenesis. After formation in the seminiferdwbules, the sperm cells are forced
through the rete testis and vasa efferentia intoegpididymis, where they are stored while
undergoing maturation changes that make the spapabte of fertilization(Hafez & Hafez,
2000).

2.2.2 Hormones involved in the control of spermatanesis

The functions of the testes, are namely the preolucif sperm and androgens (testosterone),
regulated by specific hormones. These hormonescalled the gonadotropins, and are
released into the bloodstream (endocrine hormdmne#)e pituitary gland located in the base
of the brain. The production of sperm cells andragens by the testes cease without
gonadotropin (interstitial cell stimulating hormonand spermatogenesis stimulating
hormone) support. Production and release of thesadptropins by the pituitary are in turn
controlled by other centres in the brain (hypothala), which also respond to environmental
stimuli. The main gonadotropins maintaining andutating spermatogenesis are FSH (SSH)
and LH (ICSH) (Evans & Maxwell, 1987).



2.2.2.1 Follicle stimulating hormone (FSH)

The Sertoli cells of all mammals have FSH receptansl are known to regulate the
differentiation and transformation of germ cellssfermatozoa. However, there appear to be
species and age differences in the way in which F&jlates spermatogenesis. FSH has a
critical role in regulating spermiogenesis, thegess that controls the formation of normal
mature sperm with fertilising ability (Moudgal & fBam, 1998).

2.2.2.2 Luteinizing hormone (LH)

In the male, LH is known as interstitial cell stilating hormone (ICSH) (Hafez & Hafez,
2000). It acts on the Leydig cells of the testesstimulate testosterone production. The
testosterone in turn acts on the seminiferous asté promote spermatogenesis (Evans &
Maxwell, 1987). Fosteet al. (1978) stated an increase in both volume and &gtofi the
Leydig cells to be caused by the secretory patietrH.

2.2.2.3 The male sex hormone, testosterone

Testosterone is an anabolic androgenic steroidrongunaturally in both males and females
(secreted by the adrenal cortex and ovaries inlsjqo@ntities). It is the principal male sex

hormone, which belongs to the class known as aedioglestosterone is produced by the
interstitial (Leydig) cells of the testis, and akdsally to stimulate the development of sperm,

and via the circulating blood to promote the seaoyanale characteristics.

Testosterone levels in the body are controlled bpegative feedback mechanism that
involves the hypothalamus, the anterior pituitarland, and the testes. Briefly, the

hypothalamus releases gonadotropin-releasing ha&ni@mRH) that is transported to the

anterior pituitary via the portal system (that ligstween the two areas of the brain). The
anterior pituitary then releases follicle stimuhatihormone (FSH) and luteinizing hormone
(LH), which target the testes. FSH induces the sdembus tubules to produce sperm and a
feedback hormone called inhibin. LH on the othendchgromotes the production of

testosterone by the interstitial cells of the testehibin and testosterone initiate a feedback
on the anterior pituitary to inhibit the productiohFSH and LH and, on the hypothalamus to
inhibit the production of GnRH. When inhibin andtesterone levels drop GnRH, FSH, and

LH production increases once again (Evans & Maxwi€IB7).



2.2.3Spermatogenesis

Spermatogenesis is the process whereby spermatoaogining half the number of
chromosomes (haploid) are produced, compared tedimatic cells. This process takes place
in the seminiferous tubules of the testis. The geetts progress from the diploid to haploid
state and then change shape to become fully desgleperm cells. Spermatozoa are the
matured male gamete in many sexually reproduciggrisms. Thus, spermatogenesis is the
male version of gametogenesis. In mammals it oceutise male testes and epididymis in a
stepwise fashion and in humans it takes approximn#&é days. Spermatogenesis is highly
dependent on optimal conditions (e.g. temperatiarethe process to occur efficiently, and is
critical in reproduction. Spermatogenesis starts patberty and usually continues
uninterrupted until death. A slight decrease ineemroduction is discerned with an increase
in age. The entire process of spermatogenesis eaul-divided into several distinct stages,

each corresponding to a particular type of ceitage of maturation (Hafez & Hafez, 2000).

The spermatogenic process in mammals is composedthafe functionally and
morphologically distinct phases: the spermatoga(piadliferative or mitotic), spermatocytary
(meiotic) and spermiogenic (differentiation) phasekich are under the control of specific
regulatory mechanisms (Russetlal., 1990; Sharpe, 1994). The meiotic and spermiocgen
phases are very similar in all mammals. Spermategjeris divided into three phases (Figure
2.1). The first being spermatocytogenesis, enta#irseries of mitotic divisions during which
spermatogonia form the primary spermatocytes. Téworsd phase is meiosis, when the
primary spermatocytes undergo reduction divisiamnfag rounded spermatids with haploid
nuclei. The third phase is spermiogenesisphase during which spermatids undergo a
metamorphosis, forming sperm cells. The entire gssowill be completed within 46 to 49
days in rams. Time estimates reported are shortdre boar (36 to 40 days) and longer in
bulls (56 to 63 days). As spermatogenesis progsesise developing gametes migrate from
the basement membrane of the seminiferous tubovesrdl the lumen and then, towards the
rete testis (Beardest al., 2004).

2.2.3.1 Spermatocytogenesis

There are two types of cells located along the roaes¢ membrane of the seminiferous
tubules. The first are the Sertoli cells, which Emger, less numerous and are somatic cells
which play a supporting role during both spermatoggnesis and spermiogenesis. Second

are the spermatogonia, small, rounded and more mwwecells which are the potential
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gametes. After migrating to the embryonic testé® primordial germ cells undergo a
number of mitotic divisions before forming the gomtes. Before puberty these gonocytes
differentiate into A(stem cells), A(dormant) and A(dormantspermatogonia, located along
the basement membrane of the seminiferous tubililes.A, spermatogonium will divide,

forming either dormant (A spermatogonium or an activegfspermatogonium (Figure 2.1),

starting a new generation of developing germ cdlle active spermatogonia will undergo
four mitotic divisions in bulls and rams, eventyaibrming 16 primary spermatocytes. In

rams, these mitotic divisions are completed by tayo 17 (Bester, 2006).

2.2.3.2 Meiosis

Meiosis is a two-step process. Each primary speroytg will undergo a first meiotic
division to form two secondary spermatocytes. hil division, the chromosome number in
the nucleus is reduced by half so that nuclei i slecondary spermatocytes contain an
unpaired (n) or haploid number of chromosomes. $tep requires approximately 15 days in
the ram. Within a few hours after their formati@ach secondary spermatocyte will again
divide, forming two spermatids. Thus, four speraisfiorm from each primary spermatocyte,
or 64 from each active @\ spermatogonium, in bulls and rams. As thesfiermatogonia
divide by mitosis to form Aspermatogonia, the potential yield of spermatidsdgder than is
actually realized. Degeneration of the spermatagahiring mitotic division could account
for this loss in efficiency. The Sertoli cells theemove the degenerating germ cells by

phagocytosis.

Following a resting or dormant state of several kseghe dormant (Al) spermatogonium
will divide, forming A2 spermatogonia which will\dde, forming new active (A3) and new

dormant (Al) spermatogonia. Even though AO spergwt@a (reserve stem cells) will

occasionally divide, forming new A0 and Al sperngaioia, the formation of dormant

spermatogonia from A2 spermatogonia is the keygs®do maintaining the continuity of

spermatogenesis and thereby not diminishing thplgub potential gametes within the testes
(Bearden et al., 2004).
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Figure 2.1 Spermatogenesimdicating the sequence of events and time involvad spermatogenesis in the rai

Sourcehttp://nongae.gsnu.ac.kr/~cspark/teaching/chapé

2.2.3.3 Spermiogenesis

During spermatogenesis tBpermatids are attachec the Sertoli cells. Each sperma then
undergoes a metamorphosis, forming a spermatofiummg this metamorphosis the nucls
material will compact ira certain are of the cell, forming the head of the sperm, whiie
rest of the cell elongates, forming the tail. "acrosome, @ap around the head of the sp,
will then form from the ®Igi apparatus of the spermatids. As the cytopldssm the
spermatid is cast off during formation of the taicytoplasmic droplewill form on the necl
of the sperm. The mitochondria from the spermatidl farm in a spiral around the upp
onesixth of the tail, forming thamitochondrial sheath. Newly formed specmlls will then
be released from thee8oli cell and forced out tough the lumen of the seminiferous tubt
into the rete testis. Sperm celise unique cells in that théyave no cytoplasm, and af
maturation possess the ability to be progressiwadyile. The process ofpermiogenesis i
completed after 15 to 17 dayn ram (Bester, 2006).



2.3 Seminal plasma

The seminal plasma is the extracellular fluid {vavides the medium for sperm cells. It is a
composite mixture of secretions that originate fradhe male accessory organs of
reproduction (Gundogan, 2006). Seminal plasma el susynthesized and secreted by the
testes and accessory sex glands in males and glaigmificant role in the development of
sperm motility and hence its freezing ability. Maalian seminal plasma is thus composed
of secretions from several glands in the reprogadtiact (Mann & Lutwak-Mann, 1976) that
are mixed with the sperm at ejaculation and coatelto the majority semen volume and
components (Mouret al., 2006). The seminal plasma is known to contaatgins, enzymes,
lipids, electrolytes, sugars and various otherdia;twhich may play significant roles in the
metabolic regulation of sperm cells. In ejaculassinen, fructose is a major saccharide
contained in the seminal plasma of most farm argmBhis fructose in the seminal plasma
plays an important role in sperm metabolism, arel sherm cells utilize it to produce
adenosine triphosphate (ATP) (Maxwellal., 1999). Certain accessory sex gland proteins
are also known to bind and be absorbed into tharspell membrane, affecting its functions
and properties (Mentet al., 1990; Desnoyers & Manjunath, 1992). It is knothat the
seminal plasma proteins coat and protect sperma delling ejaculation. Many studies have
shown that the low content of seminal plasma pnstés associated with poor semen quality
(White et al., 1987; Ashworthet al., 1994). The seminal plasma proteins are mainly
composed of albumin and globulin, in addition toainguantities of non-protein nitrogen,
amino acids and peptides (Zedetaal., 1996). These compounds make up the amphoteric
property of the seminal plasma proteins, while lthe protein content in seminal plasma

reduces its buffering capacity and in turn the semeality (Pazt al., 1992).

Seminal lipids play significant roles in the memigastructure of the sperm cell, sperm
metabolism, sperm capacitation and fertilizationtloé female gamete (Hafez, 1993). In
addition, some researchers have reported that tiedadn sperm concentration and motility
are associated with a decrease in seminal plagmleclhntent (Kels@t al., 1997; Tahat al.,
2000). Seminal plasma has also been reported tatamaisperm motility and viability in
many species (Baasal., 1983; Graham, 1994; Maxweli al., 1996) and increase the sperm
resistance to cold shock injury (Bergeral., 1985; Barrioset al., 2000), by providing
specific components that stabilize the membrantefrozen-thawed sperm cells (Maxwell
& Watson, 1996; Olleroet al., 1997). Maxwellet al. (1999) evaluated the effects of

resuspending ram sperm cells in 20% seminal plapost-thawing and reported the
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penetration of sperm cells through the cervical msuto be improved, and fertility after
cervical insemination of ewes significantly increds Mortimer and Maxwell (2004)
subsequently reported frozen-thawed sperm, resdsgein artificial seminal plasma or ram
seminal plasma to have improved motility and insesh plasma membrane stability,
compared to those resuspended in PBS. It was diegigiist this was due to the components

of the medium.

The detrimental effects of seminal plasma on speratility (lwamoto et al., 1993; De
Lamirandeet al., 1984), viability (Dott, 1979) and post thaw sual rate (Ritar & Salamon,
1982, Kawancet al., 2004) have also been reported. Seminal plasmabban shown to

suppress sperm capacitation and to decapacitat®psty capacitated sperm (Cross, 1993).

2.4 Semen collection methods

2.4.1 Semen collection using the artificial vagina

The artificial vagina as a means to collect senseaasy to use and the semen collected is
generally relatively clean and the ejaculate isilainto the natural ejaculate (Salisbuatyal.,
1978). The artificial vagina (AV) briefly consisté a rigid cylinder of rubber or PVC and a
thin walled rubber tube for the inner lining. A wetight jacket is formed inside the cylinder
by folding both ends of the thin walled rubber tuher the outer cylinder. The water jacket
is filled with water, warm enough (45-55°C) to lgithe inside temperature of the artificial
vagina to a few degrees Celsius (°C) above normdy bemperature. The temperature of the
water simulates the thermal, while the pressureth@ AV provides the mechanical
stimulation of the vagina over the glans penis (@@m et al., 2001). At one end of the
artificial vagina, a graduated, glass semen catiactube is fitted. A female, preferably in
oestrus, is placed in a neck clamp and the ma#awed to mount. When the male mounts,
the penis is deflected into the AV, where the majaculates naturally. The major
disadvantage of this method of semen collectiorthst the rams have to be trained
beforehand to utilize this method (Mathewtsal., 2003).To avoid contamination of the
semen sample and prevent the transmission of vandismases from one ram to another, all
rubber parts should be thoroughly cleaned and dinggh water, then with alcohol, and

finally with distilled water and allowed to dry.
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2.4.2 Semen collection using an electro-ejaculator

The electro-ejaculation (EE) method of semen cttlacwas first used by Gunn (1936), in
Australia. The technique was based on the prin@plstimulating the spinal cord, between
the 4" lumbar and the®isacral vertebrae by placing one electrode ingum and the other

in the back muscle. By passing a few 5 to 10 secbgthmic electric stimuli through the
electrodes, an ejaculation can be induced andetines collected in a glass tube. The animals
generally experienced no harmful effects, no losshedy condition, no real change in
disposition, and no special disinclination to ferttapplication of the treatment. However,
during the application of this electro-ejaculatrmethod, the electric current produces general
strong contractions of all body muscles, and ahsland temporary motor inability of the
hindquarters and hind limbs, at the end of thiattreent. Later a bipolar rectal electrode in
contact with the floor of the rectum was introdutedacilitate the process (Salisbuetyal .,
1978). Carteret al. (1990) described the EE as a two phase processfif entailed an
emission phase, involving stimulation of the lumisgmpathetic nerves which form the
hypogastric nerve and which supply the ampullae @a®h deferentia. The second is an
ejaculatory phase involving the contraction of tinethral muscles, which are serviced by the
sacral parasympathetic nerves, forming the pelwit pudendal nerves. Electro-ejaculators
are basically electrical generators, which deliger oscillating current which serves as a
stimulus to the nerve controlling the emission a&jatulation of semen. Researchers have
claimed that EE generally produce ejaculates watgdr volumes, but a lower sperm
concentration than that obtained using the AV. Bearand Fuquay. (1980) indicated that the
total number of sperm cells obtained using EE mpmarable, and fertility levels also seem to
be comparable to that of ejaculates collected ftbm same rams when using the AV.
According to Matthewst al. (2003), semen collected with the aid of an AVdue a higher
sperm concentration, but with a similar volume apdrm morphology, when compared to
that of semen collected by an EE. Caeerl. (1990) also compared EE and AV semen
collection methods in rams and found the repeatghif the volume of the ejaculate
obtained, sperm concentration, total sperm numpegentage of normal sperm, and wave

motion were slightly higher when using the artdicvagina technique.

The advantages of the EE are that no prior trairingeeded for rams, more ejaculates can be
collected within a short period of time, and sersan be collected from superior sires that
are incapable of mounting, possibly as a resulinpfry or ageing (Sundararamast al.,
2007).
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2.5 Semen evaluation

2.5.1 The importance of semen evaluation

Semen quality and its relationship to fertility aspects of major concern in the animal
production industry. The average ejaculate volufeam semen is 1.1mL (Seremekal.,
1999). Semen however needs to be evaluated udiggtanicroscope to estimate the sperm
viability and the percentage motile (and progresgivnotile) sperm cells, prior to its use in
Al (Roweet al., 1993).

2.5.2 Subjective assessment of semen

2.5.2.1 Colour and volume of the ejaculate

The first measurement of raw or fresh semen tocatdi quality is its overall appearance.
Raw (unaltered) semen appears as a thick whitighidbtly yellowish fluid. The colour of
ram semen varies from milky- white to pale creamgalour (Baget al., 2002). According to
Hafez and Hafez (2000), there exists a correlatietween the colour and the sperm
concentration of the semen ejaculate. The viscadithe semen sample is often a reflection
of the number of sperm cells present. In practime 4emen sample should be free of any
odour, as this is indicative of an infection or theesence of urine, which could be
detrimental to the fertilizing ability of the semsample. Other contaminations considered to
be detrimental to the ejaculate can be detectdbercolour of the semen e.g. blood, urine,
and faeces, which may cause the semen to be pibkotenish in colour. White clumps or
flakes in the ejaculate indicate pus and the pEseh an infection in the reproductive tract

of the male.

Hafez and Hafez (2000) further reported age ofréme and body condition, season of the
year, skill of the technician involved and the freqcy of collection to affect the ejaculate
volume. The ejaculate volume generally ranges batv@e5 and 2mL in mature rams, and 0.5
and 0.7mL in young rams. The ejaculate volume gélerally decrease if a ram is collected
three or more times per day, or for a lengthy meabtime. Gilet al. (2003) using the AV to

collect semen from rams, regarded a volume of batve75 and 2mL to be normal.
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2.5.2.2 Sperm concentration

Sperm concentration generally refers to the nunabesperm cells per millilitre of semen
(Hafez, 1993)Sperm concentration in the ejaculate serves asobitiee criteria in semen
characteristics, to qualify fertile males for brimed purposes (Graffeet al., 1988). The
concentration of semen is essential to determing hwch to dilute the semen, while
providing adequate number of sperm cells in eackenmnation dose. The sperm
concentration in the ejaculate is physically meadwith the aid of a haemocytometer or a
spectrophotometer. The haemocytometer is compdsadrnicroscope slide with a precisely

calibrated chambers generally used for countingotedd cells (Evans & Maxwell, 1987).

According to Hafez and Hafez (2000) there existoaelation between the colour of the
semen sample and the concentration of the ejacUlagedensity of the semen sample is then
a reflection of the number of spermatozoa preséamble 2.1 demonstrates how sperm

concentration varies, based on the semen sammarcol

Table 2.1 Subjective assessment of semen concentratusing colour variation

Semen score Ejaculate colour Number of sperm(nL)
Mean Range

5 Thick creamy 5.0 4.5-6.0

4 Creamy 4.0 3.5-45

3 Thin creamy 3.0 2.5-3.5

2 Milky 2.0 1.0-2.5

1 Cloudy 0.7 0.3-1.0

0 Clear (watery) Insignificant Insignificant

Source: Hafez and Hafez, 2000

2.5.2.3 Sperm motility
Sperm motility is the simplest trait to evaluate tjuality of a semen sample. Hafez and
Hafez (2000) reported sperm motility assessmenintolve the subjective microscopic

estimation of the viability of the sperm cells &hd quality of the sperm motility.

Sperm motility in raw and extended semen at varsteps of the freezing process can be
assessed microscopically by examining a unifornp driosemen on a slide with a coverslip,

under a phase contrast microscope, fitted to a vetage at 37°C. This motility assessment is
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generally made on the basis of an arbitrary sgal® 0 to 5 (0 = no motility, 1 = 20%, 2 =
40%, 3 = 60%, 4 = 80% and 5 = 100% motility) (Kaestet al., 1997). Although it is
important to look for progressively motile spermdan moving in a straight line), it may be
just as relevant to evaluate the viability — toedetine if sperm are alive and motile (total
motility or sperm being able to propel themselvesviard with a beating tail). For people
evaluating semen for the first time, the procesassessment seems difficult, inaccurate and

not very repeatable.

Although useful, these sperm motility evaluations aot completely reliable or repeatable,
because of the small number of sperm evaluated|attie of objectivity and human bias
(Grahamet al., 1980).

2.5.2.4 Sperm morphology

The structure or morphology, of the sperm cell hasn studied using light and electron
microscopy technigues. The sperm as such has befamed as a highly structured cell,
streamlined to deliver DNA to the oocyte. Primargnarmalities may occur during
spermatogenesis in the testis, while secondaryrataiibies may occur during maturation in
the epididymis and tertiary abnormalities resubinfrpoor handling of the semen following
ejaculation. Generally sperm abnormalities assediatith the head are classified as primary
and those associated with the mid piece or speilmagasecondary. Abnormalities of the
sperm head include twin, tapering or pyriform, réushrunken, large, narrow, elongated and
diminutive heads. Abnormalities of the neck on dtker hand include broken necks and

loose necks (Evans & Maxwell, 1987).

The most common abnormalities of the sperm mideieciude bent, broken, and short,
enlarged or thickened, double, filiform, vestigmaid-piece or abaxial attachment of the mid-
piece to the head of the sperm cell. The princgiaiormalities of the tail include coiled,
twin, broken, crooked, kinky, or truncated tailaliSburyet al. (1978) reported the ageing of
the sperm cells to result in morphological changa&n in semen kept under controlled
temperatures. Periods of high ambient temperattomgsether with high humidity may render
a male infertile for up to 6 weeks and many abnérspgerm cells may appear in the
ejaculates collected during the recovery period fidm’s fertility is often questionable when
20% or more cells are abnormal in a semen samplest @. (2003) regarded semen with

less than 10% abnormalities, to be normal for sh&epasonal variations may influence the
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percentage of abnormal sperm, with the number nbabalities being highest in spring, and

declining as the natural breeding season advances.

2.5.3 Objective semen evaluation

2.5.3.1 Introduction

Semen quality and its relationship to fertility afemajor concern in animal production. The
accurate evaluation of semen quality is thus of astmimportance. Conventionally, the
laboratory tests for standard semen evaluation @t Al centres use light microscopy to
estimate sperm survival and the percentage of ensperm (Rowet al., 1993). Although
useful, these tests are not completely reliableepeatable because of the small numbers of
sperm eventually evaluated, lack of objectivityd dmuman bias (Grahast al., 1980). More
objectivity and repeatability in the assessmergparm motility can be achieved with the aid
of the Computer Assisted Sperm Analysis (CASA) (Bd& Siemers, 1995).

2.5.3.2 Semen evaluation with the aid of the compart assisted sperm analyser (CASA)
Computer Assisted Sperm Analysis (CASA) has bedrodnced in the laboratory as a
routine method to improve the accuracy and repéayatf sperm quality data collection, to
avoid technician error resulting from the subjeetavaluation of different technicians and to

reduce the time spent in semen evaluation (daale, 1996).

The use of this Computer Assisted Sperm Analydasval for the objective measurement of
several sperm parameters, for example motility,civioffers a more reliable, unbiased and
repeatable method of assessing sperm maotility, tharsubjective evaluation by the human
eye (Colenbrandest al., 2003). Several CASA systems are available corialgr, and may
differ in their mode of functioning and in theiribly to detect and measure the motility of
sperm in different species. The majority of CASAtsyns (e.g. the ISASTM by Proiser, the
Hobson Sperm Tracker using Sound and Vision or CER® system by Hamilton Thorne),
record the path and type of movement of a grougpefm in a wet preparation under a cover
slip using a video camera. The signal receivechiycamera is digitized and the information
is processed by a computer which reconstructs eafiidual sperm path trajectory for a
certain number of frames. Subsequently, these spieapectories are mathematically
processed, permitting them to be defined in a nicakform (Quintero-Morenet al., 2003).

The CASA system is able to determine a series miesevariables, including the number of
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moving sperm, curvilinear velocity (VCL), linear lgeity (VSL), linear coefficient (LIN),
straightness coefficient (STR), frequency of spdmead displacement (BCF), etc. The
kinematic parameters obtained from the CASA sysaesnthus useful for research purposes,
making the identification of sperm sub-populatiars-existing in an ejaculate possible
(Quintero-Morencet al., 2003).

2.5.3.2.1 Advantages of using the computer assistegerm analysis (CASA) system

The CASA provides an accurate evaluation of semararpeters such as spermatozoa
motility by avoiding errors that may arise as autesf subjective evaluation of different
technicians and reduces the time spent on semelnatgea (Janeet al., 1996). More
objectivity and repeatability in assessing sperntiliyocan be achieved by the Computer
Assisted Sperm Analysis (CASA) (Davis & SiemersQ3P The use of CASA offers a more
reliable, unbiased and repeatable means of asgesgperm motility, compared to
examination by the human eye (Colenbrangteal., 2003). Individual spermatozoa can be

analysed and video images of the sperm cells gquteieal and analysed by the software.

2.5.3.2.2 Disadvantages of using the computer asst sperm analysis (CASA)

The major problems with CASA are centered on thgh hiost of the instruments, which
suggests its use only in sophisticated laboratahes perform a high number of routine
semen evaluations (Verstegenal., 2002). The instrument settings are relativelyjective
and different CASA instruments use different mathgoal algorithms (Rabinovitch, 2006).

The degree of comparability of measurements a@bgsstruments is not quite clear.

There are problems encountered regarding the aeceomunting of high and low sperm
concentrations (Rabinovitch, 2006). The measuresnebtained following sperm counting,
include a statistical counting error, while CASAqué&es extensive training and cross
validation regarding technician competencies (\&sh et al., 2002). The clinical

significance of the kinematical variables is howeseverely limited. The analyses are not

standardized due to the different instrument sgdtend algorithms (Rabinovitch, 2006).

2.6 Effect of environmental factors on sperm produton and quality
The fertilization rate generally depends on theilakidity of a sufficient number of fertile
sperm in the vicinity of the fertile ovum. In turthe quality of these sperm depends on a

number of biological and environmental factors.t@erfactors, such as inadequate nutrition,
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high ambient temperatures, and aging of the anim&k negative effects on the overall
semen production. On the other hand, an extendetbpériod in small stock, frequent
semen collection, and certain genetic factors cqsditively stimulate sperm production
(Flowers et al., 1997). A thorough knowledge of factors affectisgerm quality and

ultimately semen production is important in all @&ntres (Soderquist al., 1996).

2.6.1 Age of the ram

Much attention in the past has been paid to thecefdf age of the individual on semen
production and the season of collection, regardiegsperm morphology in bulls (AlImquist
& Amann, 1976; Almquist, 1982). The age of the atllsemen collection generally affects
the volume of the ejaculate, the sperm concentraémd sperm motility. Several studies
have suggested that an increase in age of the im@ssociated with a decline in certain
semen parameters (Centola & Eberly, 1999). Agemgodents appears to cause certain
histological changes in the testes, which in tugsults in the decline of sperm quality
(Tanemuraet al., 1993; Centola & Eberly, 1999). The scrotal cinference and ejaculate
volume normally increase with increasing ram agetau5 years of age. These findings seem
to indicate that the genital system of the ram wmpoles maturational changes during this
period (Osinowcet al., 1988; Toeet al., 2000). In men, semen volume, sperm concentration
total sperm count, sperm motility, progressive iitgtiand normal morphology have been
found to decrease as age increases (Tanemtueh., 1993; Pasqualott@t al., 2005).
Similarly, quantitative analysis of sperm motildiaracteristics using CASA has indicated an
age-related decline in linearity (LIN), straightdi velocity (VSL), and average path velocity
(VAP) (Sloteret al., 2006).

Shannon and Vishwanath (1995) and Gaetexd. (1996) have reported the morphology of
sperm, semen concentration, semen motility andidheme of the ejaculate to improve with
an increase in the age of the bulls. This suppgbedindings of Osinowet al. (1988) who
reported mature rams to generally have higher ggewolumes, sperm concentrations and
total sperm per ejaculate than younger rams. Ladgfb987) also found sperm output to
increase with an increase in scrotal circumfere@mnerally, scrotal circumference can be

used as an indicator of sperm production in sh&epét al., 2000)

17



2.6.2 Season of the year

Seasonality has been shown to affect semen qurliiylls, boars, bucks, stallions, and rams
(Thongtipet al., 2008). Seasonal variation in the thyroid aggidhd seminal characteristics
has also been observed in Iranian fat-tailed rafasn(ri et al., 2005). It was specifically
shown that the highest values for thyroid stimaigthormone (TSH), T4, free T4 index,
testosterone, total sperm number, percentage n@sp&am, percentage live sperm, sperm
concentration, semen volume and scrotal circumé=revere recorded from early summer to
winter with the lowest values being detected atethé of spring. It has also been suggested
that the thyroid gland may be involved in seasdraisition of reproductive activity in the
ram (Thongtipet al., 2008).

Low semen quality with a decreased sperm concémtraand motility and increased
percentage abnormal sperm has also been foundsioidbectomized rams (Brookes al.,
1965). Most studies found evidence that seasonotdéation significantly affects semen
production (Graffeet al., 1988; Stalhammaat al., 1988). According to Schwadb al. (1987)
the highest volume of semen, sperm concentratiod, rmimber of sperm per ejaculate are
produced during winter. Menendez-Buxadetral. (1984) also reported semen quality to be
higher in winter. These results are contrary to fihdings of Fuentest al. (1984), who
obtained the lowest semen quality during winteras®@al effects on semen quality are
caused by several factors, such as ambient tenuperat humidity, day length, and available
feed quality. Seasonal variations in total prowontent of the seminal plasma were found in

rams, being higher in autumn than in summer andewii@undogan, 2006).

2.6.3 Daylight length (Photoperiod)

Sexual behaviour in the ram can be influenced bgynfiactors, including season of the year,
genetics, breed differences, hormonal effects, -pesining management, ambient
temperature and nutrition (Mickelsest al., 1982). Photoperiod is however the main
environmental cue affecting sheep reproduction (@heauet al., 1992). Variation in the
sexual response of sheep breeds, to photoperiditinls appear to be affected by the
latitudes where the animals are raised. Sheep aats gxhibit great seasonal variation in
semen quality (Lebouet al., 2000). Animals in the temperate zones are higffigcted by
photoperiod, while those in the tropical zones #ss sensitive. D’Alessandro and
Martemucci (2003) reported an improvement in thecgetage of motile sperm to occur

during decreasing photoperiod.

18



Reproductive responses to photoperiod are detedmnimea large extent by the degree of
photo responsiveness, the nature of the photoperisdynal, nutritional and social
environment (Wildeus, 1995; Walkden-Brown & Restall996). The nature of the
photoperiodic signal is however important in det@ing the reproductive activity in
seasonal breeders (Walkden- Brown & Restall, 19B&ptoperiodic signals are translated
into effects on the reproduction system by changedbe pattern of secretion of melatonin
from the pineal gland (Shelton, 1980; Wildeus, 198Elkden- Brown & Restall, 1996).
This results in changes in the pulsatile releas&oRH, from the hypothalamus (Mori,
1992). In sheep and all mammals, the circulatinglieof melatonin are generally low during
the day and high at night. This profile of melatosiecretion is an endocrine signal, which
relays the photoperiodic information to the repidie axis (Karsclet al., 1985). As short
days are characterized by a longer duration of tmeila secretion compared to long days,
attempts have been made to mimic the duration argdi@de of the presence of melatonin in
the blood. Continuous melatonin administration wigrition, subcutaneous or intravaginal
implants can stimulate an early onset of breedutity by mimicking the onset of short
photoperiodic environments (Poultah al., 1987). In a study conducted by Dawtlal.
(2007), melatonin implants were found to producsharter response than photoperiodic
treatment as such, which was less repeatable. ématet production of sperm by induction
has been performed using different methods. Thedede the administration of Clomid®
(Herbertet al., 2002), testosterone implants (Adamopouleusl., 1990). However these
methods implicate certain problems regarding anitredlth, embryo mortality, fertility,
immunology and environmental contamination. As ditestosterone levels and therefore the
sexual activity are affected by photoperiod, rareschto be treated by other means that are

less expensive and easier to apply.

2.6.4 Ambient temperature and testicular thermoregtation

2.6.4.1 Ambient temperature

For normal semen production to occur the testes abe at a temperature several degrees
below that of normal body temperature, otherwiserspproduction may be affected. To
provide the necessary thermoregulation for spergeatesis, the ram has large sweat glands
in the skin of the scrotum, as well as a systetmmua$cles that raise or lower the testes nearer

to the body for the purpose of temperature requiatBlood flow to the testes also helps to
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regulate temperature through a heat exchange misahaldeat is transferred from the testes

to the blood and is then transported to other pdrtise body for dissipation.

If the temperature in the testes cannot be keptdoaugh, as can happen in warm weather
(e.g. ambient temperatures over 32°C for long peri@r short spells of very high
temperatures (38 °C or more)), the production efmad, viable sperm will be affected. Fully

developed stores of sperm are less affected tlwse thperm still in the developing stages.

High body temperatures produced in rams by highnsemtemperatures or with fever is
generally a cause of poor quality semen. This addtects semen formation or
spermatogenesis and ultimately induces temporarnjist. These high temperatures can also
affect mating, with subsequent reduced sexual ictiZlevated body temperature during
periods of high ambient temperature leads to ta@sticdegeneration and reduction in the

percentage of normal and fertile spermatozoa irejheulate (Maragt al., 2008).

2.6.4.2 Testicular thermoregulation

Several physiological mechanisms play a significesie in testicular thermoregulation.
These include the regulation of blood flow, the tecoinof the testis position, relative to the
body by scrotal musculature, sweating, counteretirheat exchange in the vascular cone,
and overall radiation of heat from the scrotal acef The counter-current exchange of heat in
the neck of the scrotum has been identified asptimmary mechanism of regulating the
temperature in the testes. It has been showntlbasdrotum and testes have complimentary

temperature gradients that contribute to testidhlermoregulation (Kasteliet al., 1996).

The testicular vascular cone is made up of a compémous network that surrounds the
highly coiled testicular artery. The counter-cutrdmeat exchange within the vascular cone
functions by allowing, the transfer of heat frone tvarm blood flowing down the testicular
artery towards the testis, to the cooler bloodrretg from the testis through the testicular
venous system (Cooét al., 1994). Waites and Moule (1961) reported the taucurrent
exchange to only cool the testis if a temperatusignt exists between the venous and
arterial blood. The extent of this heat exchang thepends solely on the magnitude of the
temperature gradient. The vascular cone also @ayisnportant role in the radiation of heat
from the scrotum, as the scrotal skin overlying\hecular cone is usually the warmest area

on the scrotum (Acevedo, 2001)
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2.6.5 The effect of nutrition on semen quality andertility

Nutrition has a direct and dramatic effect on tedéir size, which again has a corresponding
effect on sperm production. Rams grazing on pastofdluctuating quality may have testes
which double (or halve) in size during the year tlu¢he seasonal variation in quality of the
pasture. Research has shown that an improvemenitiitional intake of both protein and
energy during the two-month period prior to matimgy increase the testicular size and
subsequent sperm production by as much as 100%itibhal changes also affect testicle
size much more rapidly than is reflected in the lweight or general body condition. This
highlights the importance of checking the ramsrodpctive soundness prior to the mating
season. On the other hand, rams should not be edidos become over-fat (body condition
score more than 4), as obese rams tend to bedrsally active and are more prone to heat
stress (Hafez, 1993). It is well documented thagadte nutritional management is crucial
for successful mating in sheep flocks (Smith & Akamijo, 2000; Fernandex al., 2004).

Carbohydrates, protein and nucleic acid metabolemd their deficiency may impair
spermatogenesis and libido in males, with resultlnter fertility rates, embryonic
development and survival, post-partum recovery viigs, milk production, later

development and lower survival rates in the offspiSmith & Akinbamijo, 2000).

Vitamin A is essential for sperm production. Ranedicdent in Vitamin A often have soft
testicles and produce poor quality semen. Where tzame spent six months or more without
access to any green feed, supplements which covimin A may be required (e.g. green

hay, vitamin supplements).

A number of studies have demonstrated that spegea&sis in rams is sensitive to an
increase in protein intake. This effect has beéated to an increase in testicular size, due to
an increase in the volume of the seminiferous epithn and the diameter of the seminiferous
tubules (Oldhanet al., 1978; Hotzekt al., 1998). The improvement of testicular efficiency
with nutrition has also been reported by Oldhetral. (1978). It has been shown that rams
maintained on a high plane of nutrition produce engperm than those raised on a low plane

of nutrition.
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Masters and Fels (1984) demonstrated testiculartsibe controlled by nutrition, even to the
extent that well-fed rams in spring may have langstes, compared to poorly-fed rams in
autumn. Nutrition appears to mediate its effecirimreasing the frequency of pulses of LH
and probably FSH (Lindsagt al., 1984; Boukhlicet al., 1997; Hotzekt al., 2003). However,
the energy components of the diet, particularly fiitey acids, appear to play a key role in
reproductive responses following changes in natritiFatty acids for example can stimulate
the GnRH-dependent pathways that initiate changesesticular function (Boukhliq &
Martin, 1997; Blachet al., 2002).

2.7 Factors affecting the viability of sperm after seme collection

2.7.1 Temperature

The most important physical condition that speren extremely sensitive to is temperature.
An excessive, fast decrease or increase in temyseratiuses sperm mortality (temperature
shock). Such a change normally involves damagbhd@lasma membrane of the sperm cell,
which contain temperature sensitive, unsaturatéty &cids. These lipids are sensitive to
oxidization and excessive peroxidization disrugie tell membrane, rendering the cell

incapable of fertilization (Bester, 2006).

2.7.2 Semen pH

Stored semen following collection produce hydrogers, and as a result the pH decreases.
Therefore, buffers are usually required to mains@men at acceptable pH levels. If extended
semen is maintained at body or room temperatuee sgerm will be metabolically active,
secreting acids, increasing the pH and will soos, dfi not introduced into the female
reproductive tractLatif et al. (2005) also reported that in an acidic pH enwiment, the
motility of sperm is affected, probably due to aaefe in the metabolic activity and a

disturbance in the cellular respiration of the speell.

2.7.3 Osmotic pressure

Semen and diluents must be isotonic as sperm nmaititair maximum metabolic activity
when semen is diluted with an isotonic extenderar®&en(1949)observed that bovine sperm
are more sensitive to hypertonic solutions of sadiitrate than to hypotonic solutions. It
was suggested that, as a result of glycolytic naisin, an increase in the osmotic pressure

of semen occurred during storage. However, botlotoypc and hypertonic extenders reduce
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the metabolic activity and disrupt the membranegdrity, which leads to clumping and
finally death of the sperm (Latét al., 2005).

2.7.4 Concentration of sperm per ejaculate

A too concentrated semen sample decreases spembatietactivity, due to an increase in
potassium content of the sperm cell. Dilution deesnormally change the metabolic activity
of the sperm, but will increase its lifespan. Expes dilution (1 to 1000) on the other hand
will depress the motility and metabolism. So whesmen is prepared for artificial
insemination (Al), the semen is diluted in an egtEmand the number of sperm per Al dose is
standardized. This reduces the direct advantadpegbf sperm output in the ejaculate on the
fertilizing potential. However, when a sample ifuthd to standard sperm cell numbers, the
seminal plasma is also diluted. The final dilutratio of seminal plasma to the extender used
in the Al straws generally depends on the sperncexatnation at semen collection (Karoliina,
2009)

2.7.5 Gas environment

CO; stimulates aerobic metabolism, if kept below 3®%.Too much oxygen however also
decreases the sperm cell metabolism. The gaseousranent under which semen is stored
can thus influence the motility via a change imaoellular ATP. The possible explanation for
the CQ-based inhibition of sperm motility is that the peace of CQin the semen storage
environment leads to the depletion of intracellulfP. The CQ reacts with water to
generate carbonic acid, a reaction catalyzed gdetlular carbonic anhydrase. An increase
in CO, concentration in an aqueous environment, resulta ohecrease of the pH in that
environment. The extent of this change in pH isuacfion of the magnitude of the GO
increase, and the buffering capacity of the sotut{encicet al., 2000)

2.7.6 Light exposure

Exposure to light can depress the sperm metabetic motility, and fertilizing capacity that
only occurs aerobically. It is recommended to nesgpose semen to direct sunlight as
ultraviolet light can be lethal to sperm. That isywt is so important to transport the semen

following collection inside a box, to protect ibfn direct sunlight (Bester, 2006).

23



2.8 Semenextenders or diluents

Cryopreservation as a technique for long term g®@f semen has many advantages, but the
freezing and thawing processes induce detrimeffifiatte in terms of sperm ultrastructural,
biochemical and functional damage (Watson, 20@3)lting in a decrease of sperm motility,
membrane integrity and fertilizing ability (Purd®Q06).The detrimental effects induced by
cryopreservation may however be compensated foudiyg higher sperm numbers in the
insemination dose (Watson, 1995). Related to tasious techniques of processing and
freezing of sperm have been developed over thesydarreduce the cryogenic injury to

sperm (Salamon 8axwell, 1999.

The purpose of a semen cryopreservation extendgmierally to supply the sperm cells with
a source of energy, to protect the cells from tewipee related damage, while maintaining a
suitable environment for the sperm to survive teraply. Diluents are used in the semen
cryopreservation process as these media increasej#tulate volume without affecting
semen quality and preserve the fertilizing capagitthe sperm for the longest period of time
possible. Egg yolk is a general component of seergopreservation extenders used for
domestic animals. This yolk has been shown to havéeneficial effect on sperm
cryopreservation as a protector of the sperm plasmeanbrane and acrosome against
temperature related injury — in association witteotcomponents, because of the lipids that it
contains (Purdy, 2006). The semen extender for samen cryopreservation should also
contain buffers for controlling the pH (6.7 to 7.@jtibiotics to prevent bacterial growth and
cryoprotectants to prevent the crystallization dadtev within the sperm cells. This will

ultimately allow sperm cells to be cryopreserve@dively (Salamon & Maxwell, 2000).

2.8.1 Components of ram semen extenders

Buffers are essential to control the pH betweera@d 7.0. Sodium citrate, egg yolk and Tris
buffers are commonly used for this purpose. Ligidserally provide protection of the sperm

membranes from temperature changes. Skim milk ggd/elk are generally good sources of

lipids. Nutrients are also essential to providergndor sperm cell. Fructose and glucose are
typically used in the extenders. Antibiotics areluded to prevent bacterial growth, while

glycerol serves as a cryoprotective agent in theesefreezing process. It prevents the
crystallization of water within the sperm cells, ialh ultimately allows the sperm cells to be

frozen rapidly (Holt, 2000)
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2.8.1.1 Example of a semen extender

1) Egg yolk- citrate (Fraction A)

20% (v/v) egg yolk

80% (v/v) of a 2.9% (weight/vol) sodium citrate gidhate
1000 IU Penicillin/mL

1000ug Streptomycin/mL

2) Egg yolk- citrate + glycerol (Fraction B)
20% (v/v) Egg yolk
66% (v/v) of a 2.9% (weight/vol) sodium citrate gdrate

14% (v/v) glycerol- provides final concentration®fo glycerol

Glycerol is added after the semen has been cooles’@. This prevents morphological
damage to sperm, compared with glycerol addedahremperature. The glycerol fraction
is generally added in three equally timed stepsvahames. The final volume of the extender

should contain equal quantities of Fraction A and B

2.8.2 Cryoprotective agents

Cryoprotective agents or cryoprotectants are iredudh the cryopreservation medium to
reduce the physical and chemical stresses derireed ¢ooling, freezing and thawing on the
sperm cells (Gaet al., 1997; Purdy, 2006). Cryoprotectants and theidesoof action has

been the subject of many reviews, with glycerol &SO being the most commonly used
cryoprotective agents (Karow, 1981; Mazur, 1984pd&bank, 1995). Fetal bovine serum
(FBS) is also often used in mammalian cryopres@masolutions, but it is not a real

cryoprotective agent. However dextrans, glycolarcstes, sugars, and polyvinylpyrrolidone

provide considerable cryoprotection in a varietpiaiogic systems (Mazur, 1981).

The cryoprotectants can be classified as penegratimon- penetrating agents.

The penetrating cryoprotectants or intracellulgoprotectants (glycerol, dimethyl sulfoxide,
ethylene glycol, propylene glycol) have low moleculveights, and induce membrane lipid
and protein rearrangement, resulting in increasethbmane fluidity, greater dehydration at

lower temperatures, reduced intracellular ice fdromg and an increased survival rate to
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cryopreservation (Holt, 2000). Additionally, theng¢rating cryoprotectants are solvents that
normally dissolve sugars and salts in the cryopvasen medium (Purdy, 2006).

Non-penetrating cryoprotectants or extracellulgoprotectants (egg yolk, non-fat skimmed
milk, trehalose, amino acids, dextrans, and sugrosethe other hand have relatively high
molecular weights, and do not cross the plasma mameband only act extracellularly (Aisen
et al., 2000). Therefore, the non-penetrating cryoptatgcmay alter the plasma membrane,
or act as a solute, lowering the freezing tempeeatf the medium and decreasing the

extracellular ice formation (Amman, 1999; Kunetwal., 2002).

Cryoprotectants generally protect frozen spermscely one or more of the following
mechanisms: Suppressing the high salt concentsti@ducing cell shrinkage at a given
temperature; reducing the fraction of the solutivozen at a given temperature and
minimizing intracellular ice formation. Combinat®rmf cryoprotectants may also result in
the additive or synergistic enhancement of cellvisat following cryopreservation

(Brockbank, 1992; Brockbank & Smith, 1993).

2.9 Semen cryopreservation techniques

Two methods are currently being used for gameteprgservation. These entail the slow
freezing and vitrification technigues. The slowezang method uses a low concentration of
cryoprotectants, which may be associated with cbantbxicity and osmotic shock to the
semen sample. Vitrification as such is a rapidZirege method that decreases the occurrences
of cold shock, but is usually not performed as heatsfer in sperm cells is too slow to
permit vitrification without the risks of solutioeffects or ice crystal formation (Araat al.,
2002). Vitrification also does not require expemssiveezing equipment and the method
(vitrification/warming) only takes a few secondsathenko, 2003). Classical vitrification
generally requires a high proportion of permeabi@protectants in the medium (30-50%
compared to 5-7% for slow freezing) and seems tdebemental for the sperm cells, due to
lethal osmotic effects and possible chemical ditena. The failure to successfully vitrify
sperm can be further explained by the extreme ®eahsi of spermatozoa to high
concentrations of cryoprotectants and the low ogmtoterance of most mammalian sperm
(Gao et al., 1995). The cryopreservation technique thus oheutemperature reduction,
cellular dehydration, eventual freezing and subsagjthawing (Medeirost al., 2002). The

lowering from room temperature to 4°C reduces #lular metabolic activity and increases
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the life span of the sperm cells. Cryopreservat@merally stops all cellular activities,
restarting its normal metabolic functions, afteawimg (Mazur, 1984).

In domestic animal species, fast cooling betweerard® 0°C causes cell damage in certain
sperm cells, the so called “cold shock”, which @pendent on the cooling rate and
temperature interval (Gilmoret al., 1998; Watson, 2000). The cooling or freezing raust

be slow enough to allow water to leave the cellsobgnosis, preventing intracellular ice
formation, which causes irreversible damage to gperm cells (Fiser & Fairfull, 1986).
Sperm cells are usually frozen at fast rates (18=6@nin), which gives rise to best post
thawing results (Byrnet al., 2000; Anekt al., 2003).

Semen cryopreservation induces the formation ofa@atlular ice crystals, osmotic and
chilling injury that gives rise to sperm damage. e&gtoplasmic fracture, effects on the
cytoskeleton and genome related structures (Is&oh@®03). The membrane permeability is
increased after cooling, and may be a consequehaemased membrane leakiness, and
specific protein channels. Calcium regulation iaiagffected by cooling and this has severe
consequences on cellular function, including celatth. The uptake of calcium during the
cooling process then influences capacitation chewreyed fusion events between plasma
membrane and acrosomal membrane. As known, thenspembrane is a structure that
undergoes vast reorganization during the capamitatiocess. Cold shock reduces membrane

permeability to water and solutes, while damagireggacrosomal membrane (Purdy, 2006).

The main changes that occur during semen freeziagrainly ultrastructural, biochemical
and functional. These impair the sperm transpaitsanvival in the female reproductive tract
and reduce the resultant fertility in domestic aadispecies. The ultrastructural damage has
been found to be greater in the ram than in bisp Greater damage has also been detected
in the plasma and acrosomal membranes, mitochdrehe&ath and axoneme (Salamon &
Maxwell, 2000). In frozen-thawed semen, the speraiility is generally better preserved
than the morphological integrity. The plasma ane tuter acrosome membranes of the
sperm cell are the most cryosensitive. Biochentgbahges have been detected, including the
release of glutamic-oxaloacetic transaminase (G@Eges of lipoproteins and amino acids,
a decrease in phosphatase activity, a decreaseosely bound cholesterol protein, an

increase in sodium and a decrease in the potagsiatent, inactivation of hyaluronidase and
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acrosin enzyme, the loss of prostaglandins, thaatexh of ATP and ADP synthesis and a
decrease in the acrosomal proteolytic activity §8an & Maxwell, 1995).

The cryopreservation protocol as such causes devjuidaes to the sperm cell by way of
several factors e.g. the dramatic changes in temyoer;, submission to osmotic and toxic
stresses derived from exposure to molar conceomr@tof cryoprotectants and finally the
formation and dissolution of ice in the intracediuland extracellular environment. These
damaging effects of cooling and freezing on therrspmembrane differ among domestic
species and is influenced by several componentsglyacholesterol/ phospholipids ratio,
content of lipids in the bilayer, the degree of toghrbon chain saturation and protein/
phospholipid ratio (Medeiroet al., 2002). Boar sperm is generally the most semsiBBull,
ram and stallion sperm are also very sensitive;levdbg and cat sperm are somewhat

sensitive; rabbit, human, and rooster sperm aréetist sensitive to cold shock (Parks, 1997).

Cryoprotectants are generally included in cryoprnestéon medium to reduce physical and
chemical stresses derived from cooling, freezind #rawing of sperm cells (Gaea al.,
1997; Purdy, 2006). These cryoprotectants, as wmadi previously, are classified as either
penetrating or non-penetrating (See 2.8). Glycerdtequently used as a cryoprotectant for
the freezing of ram semen. Glycerol or dimethylfaxidle (DMSO) can however induce
osmotic stress and toxic effects on the spermthmiextent of the damage varies according
to the species and depends on the concentratitire @iryoprotectant in the extender solution
(Purdy, 2006). Egg yolk is a normal component ofiee extenders, protecting the sperm cell
against cold shock and supporting the cell membiduming freezing and thawing. The
protective mechanisms are determined by the phdippd® (lecithin) and the low density
lipoproteins (Medeirost al., 2002; Purdy, 2006). Egg yolk thus acts on tHemembrane,
having a greater effect on bull than ram sperm.tkerfreezing of ram semen in ampoules, 3
to 6% egg yolk has been used, but for straws afidt geeezing higher concentrations are
required (15-17%), although the effect is dependerthe extender composition (Salamon &
Maxwell, 2000).

It would seem as if the increased concentrationegyf yolk in the semen extender may
reduce the glycerol levels. In the formulation elnen extenders, glycerol may be added
initially or later in a separate fraction (glyceatsd fraction), after semen refrigeration. In the

first situation, the complete extender is addedrafémen collection (one step method). In the
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second situation a fraction of the extender (wittglucerol) is added after semen collection,
and the remaining portion (with glycerol) is ada@eter refrigeration, prior to semen freezing
(two step method) (Evans & Maxwell, 1987). Effeetieryoprotection after a short (5-10
seconds) contact with glycerol, has been demosstridr bull, boar and ram semen (0-5
minutes) — which proves that the penetration otgtygl into the cell is not essential for

sperm protection. This still remains a controvérsidject (Barbas & Mascarenhas, 2009).

The freeze-thaw process increases the maturatiorspefm membranes and induces
capacitated acrosome reaction in sperm. These matilihs may not affect the initial sperm

motility, but can reduce the lifespan, the abitiyinteract with the female reproductive tract
and ultimately affect the sperm fertility (Medeir@s al., 2002). Cooled sperm have

displayed, an increase in the intracellular freé*Ceypical of capacitated sperm following

chlortetracycline staining. Cryopreservation of senalso induces the formation of reactive
oxygen species (ROS), which impair good fertiliaat{Alvarez & Storey, 1993; O'Flaherty

etal., 1997).

In ram and buck semen freezing methods, there amy rsimilarities, e.g. in the type of
extenders, cryoprotectants, and cooling rateszatlli(Salamon & Maxwell, 2000). The
cryopreservation extenders used for goat and raneiseyenerally include either egg yolk or
non-fat dried skimmed milk. Sanchez-Partedaal. (1992) showed that low concentrations
(50 mM) of proline and glycine-betaine improved thest thaw motility of ram sperm. In
rams and bucks, semen may be diluted using eitherar two step method. Normally,
diluted semen is cooled to 4-5°C during a 1.5-3hope and thereafter aspirated into mini
straws (0.25mL). Freezing may then be performedr digeiid nitrogen vapour or in a
programmable biofreezer. In the first method, dillstraws are arranged horizontally at a
height of 4 to 5cm over the liquid nitrogen vapéwra variable time (10-20 min), with good
post thawing results (Byrret al., 2000; Leboeuét al., 2000).

Programmable freezers are frequently used at Atreerwhen freezing large quantities of
semen straws. The freezing rates vary accordinlyetwesearch laboratories, so for example,
the freezer may be at the following freezing rafemm 4 to -5°C at 20°C/min, -5 to -110°C
at 55°C/min and -110 to -140°C at 35°C/min, follalvgy the immersion of the straws into
liquid nitrogen (Byrneet al., 2000; Leboeuét al., 2000).
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2.10 Thawing of cryopreserved semen

Before the thawing of semen straws is attempteslJiuid nitrogen tank must be filled to
avoid an increase in temperatufeliquid nitrogen container temperature above “Q0@as
been shown to lead to irreversible damage to tleenspFor the thawing of semen, the
canisters containing the semen straws must bedraigs¢o the neck of the nitrogen tank and
then lowered to the bottom. These manipulations nase temperature fluctuations in the
straws remaining in the canister (Natial., 2006).

Thus during the freeze-thawing of semen, the wagmimase is critical for the survival of the
sperm as, well as the cooling phase (Feal., 1987). During thawing, frozen semen will
cross the critical temperature range between -#5-@0°C. The thawing rate is dependent on
whether the cooling rate has been sufficiently Highinduce intracellular freezing, or low
enough to produce cell dehydration. In the firstamce, fast thawing is required to prevent
recrystallization of any intracellular ice presenthe sperm cell. Sperm thawed at a fast rate
are also exposed for a short period of time toctthrecentrated solute and cryoprotectant, and
the restoration of the intracellular and extradaliuequilibrium is more rapid, than with
slower thawing (Fiseet al., 1987). Ram and buck semen is generally thawe&8 @b 42°C

for 30s, but thawing at higher temperatures (6G=j5May produce similar post-thaw sperm
motility, acrosome integrity and fertility of th@erm (Evans & Maxwell, 1987).
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Chapter 3

Materials and methods

3.1 Study location

This study was conducted at the Agricultural Rese&@entre (ARC)-Irene campus (25° 55’
S; 28° 12’ E), South Africa (S.A). The centre isdted in the Highveld region of South
Africa, at an altitude of 1525m above sea levele Tdlimatic conditions and ambient
temperatures range from hot days to cool nightsuimmer, to moderate winter days with
cool nights.

3.2 Experimental animals

Eight indigenous rams, between 2 and 4 years ofaageweighing between 40 and 56kg
were used in the trials. Hundred and twenty ei@@8] ejaculates were collected during the
entire study. Semen was collected twice a weekryeM®nday and Tuesday) from Damara,
Namaqua Afrikaner, Pedi, and Zulu rams, using tleete-ejaculator. The animals were

maintained on natural grazing, supplemented wit@h 80350g concentrate per day, with

water being availabled lib.
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Plate 3.3 Pedi ram used as a semen donor
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5

Plate 3.4 Zulu ram used as a semen donor

3.3 Preparation of Diluents

Most of the chemicals were supplied by Sigma exdepthe ultrapure water which was

obtained from TRANSFARM, South Africa. Glycerol wasrchased from Pal Chemicals.

All semen extenders were prepared on the day bsetaren collection, and freshly laid eggs
(egg yolk) were always used. The egg yolk- citettender was derived from two different
portions, the one without glycerol (diluent A) atieé other containing glycerol (diluent B).

Different glycerol inclusion levels were used ahd two step dilution procedure was always

used.

3.3.1 Preparation of the egg yolk- citrate extender

The composition of the fractions (A and B) of tleamr semen extenders used is set out in
Table 3.1. Following the preparation, the semeermktrs were stored at 5°C, until utilized.

The procedure for the preparation and compositidhesperm washing medium is set out in

Table 3.2. This solution was stored and used wigiindays, thereafter a new batch was

prepared.
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Table 3.1 Preparation of egg yolk extender (g/100n)L

Fraction A

Na.Citrate. 2H0: 1.856¢

Glucose: 1.0g

Water: 80mL

CPA: OmL

Egg yolk: 20mL

pH: 7.0

Gentamycin Sulphate (optional): 0.1g

Fraction B

Na.Citrate. 2H0: 1.856¢g

Glucose: 1.0g

Water: 66mL

CPA%: 14mL

Egg yolk: 20mL

pH: 7.0

Gentamycin Sulphate (optional): 0.1g

3.3.2 Protocol for preparing the sperm washing sotion (BO-W) (Brackett & Oliphant,
1975)

Table 3.2 Preparation of 10xBO stock solution A (ééctive for 30 days)

Component Molecular Wt. mM g/100mL
NaCl 58.44 112.00 6.5453

KCI 74.56 4.02 0.2997
NaH,PO, H,O 137.99 0.83 0.1145
MgCl,.6H,O 203.30 0.52 0.1057
CaC,.2H,0* 147.0: 2.2t 0.330¢
Glucost 181.1¢ 13.9( 2.518:
Antibiotics (penicillin’ or 5mL or 1(mL
Streptomycin (0.02g/ mL) 50mg/mL 0.68 or 2.5mL
0.2% Phenol Red 4mL

Addition of ultrapure water (Sabax) to a volumel6dmL
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The BO-W solution was filteredsing a craft suction unit (Rocket) and a 250mtefikystem
and prepared by firstly dissolving the componerdgpasately in approximately 5mL of
ultrapure water (Sabax). Thereafter water was addeal volume of approximately 80mL,
after which the pH was checked and adjusted toThis sperm washing solution was then
stored at 4°C, until utilized.

Table 3.3 Preparation of 1xBO working solution B (Hective for 2 weeks)

Component Molecular Wt. mM g/100mL
NaHCG; 84.01 37.0 0.3108
Na-Pyruvate 110.04 1.25 0.0138
Take 10mL of BO stock (20mL)
(solution A)

Solution B was prepared as set out in Table 3.8erAddding all the ingredients listed in
Table 3.3, ultrapure water (Sabax) was added tolame of 100mL. The pH was checked

and adjusted to 7.4 after adding caffeine and fittened.

3.3.3 Preparation of the sperm washing solution (BQV)
80 mL of BO working solution B was taken to preptme sperm washing solution, to which
3.0mg/mL BSA (Fraction V, A-9418) was added anddbleition filtered. The remaining

20mL was used for preparing IVF maturation medium.

3.4 Semen collection and quality evaluation

3.4.1 Semen collection

The semen of all individual rams was collected witle aid of an electro-ejaculator
(Ramsem, South Africa). Two ejaculates were cadégqier week/ram at an interval of two
days. The semen was collected directly into 15ndes) and immediately placed in a thermo
flask at 37°C. The collected ram semen was thensp@rted to the laboratory for
microscopic sperm evaluation within an hour. The smen samples were firstly evaluated
macroscopically for the ejaculate volume, pH ancersp concentration.Spermatozoa
parameters (motility and velocity) were microscalic evaluated using the computerized
Sperm Class AnalysB(CASA system).
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Plate 3.5 Electro-ejaculator used for semen colldon

Plate 3.6 Thermo flask used for temporary semen stage after collection

3.4.2 Semen evaluation

3.4.2.1 Semen concentration
Semen concentration (sperm/mL) was determined with aid of a spectrophotometer

calibrated for ram semen (SpermaCue®, Minitib, Geryh Briefly, 20ul of undiluted raw
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semen sample was pipetted into a microcuvette (KrmoAB, Angelholm, Sweden). This
sample was then inserted into the spectrophotom&iemgive an automated sperm

concentration reading in terms of the number ofrsfral (X10P).

Plate 3.7 SpermaCue® used for the determination aperm concentration

——
= HANNN

' DLV Start calibration
Insiruments VI Seloct butte 1 volun

Plate 3.8 Semen pH meter used in this study
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3.4.2.2 Semen pH

The semen pH was measured using a microprocesson\ifC meter fitted with a glass
probe (Hanna HI 931401, Portugal). The probe wased in ultrapure water and wiped dry
with a paper towel before and after each semen lsamgasurement.

3.4.2.3 Sperm motility evaluation using the CASA stem

The Computer Assisted Sperm Analysis (CASA) systeas used to analyse the sperm
motility with the aid of a Sperm Class Analy?e8CA® (V.4.0.0.1 Animal/Veterinary
Microptic S.L, Barcelona, Spain). The sperm swimteghnique was used, where 10ul of the
semen sample was diluted with 500l of the Braeket Oliphant (BO) medium, developed
by Bracket and Oliphant (1975) and stored for 5utés in an MCO-20 AIC Sanyo GO
incubator (Sanyo Electric Biomedical Co., Ltd, Ja@pat 37°C. Following the storage period,
5ul of this semen solution was pipetted onto a vpaemed bevel-edged, frosted-end
microscope glass slide (Thermo Scientific Menzelggl, Germany), gently covered with a
microscope cover slip (Menzel-Glaser, Germany) amdluated under X10 magnification
with the SCA microscope projecting an image on a monitor. Témlts were saved on a
Microsoft excel sheet. The motility parameters eatdd were expressed as the percentage
progressively motile sperm (sperm with forward mueat), percentage non-progressively
motile sperm and percentage static (immotile) speBperm velocity parameters evaluated
included the static, slow, medium, rapid, curviin€VCL), straight-line (VSL), average path
(VAP), linearity (LIN), straightness (STR) and wdél{WOB) velocities.

Table 3.4 The definitions of sperm motility descripors when using the CASA system

Descriptors Abbreviation | Unit | Description

Curvilinear velocity | VCL um/s| Velocity of progression along the entire trajegtor

Average path VAP um/s| Velocity of progression along the smoothed

velocity trajectory

Straight line velocity VSL um/s| Velocity of progression from first to last
coordinates

Beat cross frequend BCF Hz | Frequency that the sperm head crosses the
smoothed trajectory

Amplitude of lateral | ALH um | Mean lateral sperm head displacement alonc
smoothed head displacement trajectory

Linearity of tracl LIN % VSL/VCLx10C

Straightness of trar | STR % VSL/VAPx10C

Wobble WOB % VAP/VCLx10C

Source: Holet al. (2007)
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Table 3.5 Sperm Class Analyser® V.4.0.0 settingsats to analyse the ram sperm cell

motility and velocity characteristics

Parameter Setting

Brightness 166

Chamber Cover slide

Circular 50% of Linearity
Connectivity 12

Contrast 450

Optics Ph-

Number of images 50

Images per second 50

Particle area 15 - 70pum?
Progressivity 80% of STR

Scale 10X

Slow VAP of 0-30 um/s
Medium VAP of 30 - 80 um/s
Rapid VAP of 80 um/s and above
Velocity on the average path points 7

Plate 3.9 Incubator used for semen incubation prioto sperm motility evaluation
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Plate 3.10 Sperm Class Analyzer® used for sperm nility evaluation

3.4.2.4Sperm morphology and viability

Sperm viability was determined with the aid of ansie/nigrosin stain (pH=8.39;
osmolarity=411), manufactured by the Onderstepdeatulty of Veterinary Sciences’
pharmacy (60ul of eosin/nigrosin stain plus 6us@ien). This staining method indicates the
percentage live or dead sperm cells, while allovangpod evaluation of the morphology of

the sperm cell (Bjoerndakt al., 2004).

The sperm smears were prepamda clean, warmed glass slide to avoid temperatunek
and evaluated on the same day of semen collewiittnthe aid of a fluorescent microscope
(Olympus BX 51TF) — using an oil immersion objeetii)X100 magnification). A total of 100
sperm/slide were evaluated and counted for eachamer collection, using a DBC.6 Model
laboratory counter (Han Lien International Corpjl éime gross structural sperm abnormalities
recorded (Hidalget al., 2007).

Under the microscope the live sperm fluorescedevag no stain was absorbed by the cell,
while the dead sperm on the other hand fluoresegld as the cells absorbed the stain
(Beardenet al., 2004). The live spermatozoa were further categdrinto morphologically
normal or abnormal cells. Abnormalities were reeardising two different sets of criteria.

The first set of criteria used the location of thlenormality i.e. head (e.g. bulb, small,
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enlarged, looped, etc.), mid-piece and tail (ewgeléng, looping, partial or totally lacking,
etc.) as described by tukaszewetal. (2008).

Sperm abnormalities were further classified aseeitieing primary or secondary, according
to the degree of the lesion. These abnormalitie® Waus set out, using the following criteria
(Loskutoff & Crichton, 2001):

The primary sperm abnormalities included the folluyy

Sperm head: microcephalic (small heads), macrotiepterge/swollen heads), double heads
and abnormal acromosomes. Mid-piece of the speilin sseollen, elongated and abaxial
bodies. Tail of the sperm: double and short tails.

The secondary sperm abnormalities included theviatig:
Sperm head: detached, loose and damaged acrosaoipidde of the sperm cell: bent and

containing protoplasmic droplets. Tail of the spareil: bent, shoe-hook and protoplasmic

droplets on the tail.

Plate 3.11 Fluorescent microscope (BX 51TF) usedrfsperm morphology and viability
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Plate 3.12 Eosin/nigrosin &ined ram sperm cells. /is alive and normal ram sperm; B is a dead spern

with a mid-piece abnormality and C is a dea, normal sperm.

3.5 Liquid storage of ram £men

Two experiments were conducted where a comparisas made betweesemen stored
two different temperatures (5 and 15°C) for varistsrage periods. In the first experim
only fraction A (without glycerol) of the egg yc-citrate diluent was used and in the sec
experiment both fractions A and B were used. Ferexperiment whre only fraction A o
the egg yolkeitrate extender was used, semen samples weredlilul. For the experime
where egg Yyollcitrate diluent containing 149%lycerol was used, the samples were
diluted with 1:1, v/vof fraction A, and later diluted 2:1 v/v with fraction @vith glycerol’ —
resulting in a final glycerol inclusion level of 74%. After semen evaluations, the ejacul:
were divided into two aliquotd.he one aliquot beingept at 5°C and the other at 15°Ca
Defy VT60 cooler Sperm motility and velocity evaluations weperformedfollowing 3, 6, 9
and 24h of storage.
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Plate 3.14 Defy VT60 cooler used during liquid semestorage

3.6 Semen cryopreservation
After macroscopic semen evaluation in the laboyatsemen samples were diluted 1:1 with
the egg yolk citrate (EYC) fraction A (without gl at a ratio of 1:1, v/v), at 37°C and

maintained in a cold room (Recam international, tBdAfrica) at 5°C for 2h. Two hours
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after the addition of the first extender (Fractfy fraction B (with glycerol) of the egg yolk
citrate extender was added at a ratio of 2:1, (®@hg the semen samples were further cooled
for another 2h. The cooled semen samples wereltlaeled into 0.25mL straws. The semen
straws were put into the straw holder and frozem iprogrammable freezer (CBS freezer
2100 series, Custom Biogenic Systems, SA), usiogstomized freezing curve as set out in
Table 3.4. The straws were then plunged into adigitrogen tank (-196°C) for later sperm
analysis (Hammadett al., 2001).

Table 3.6 The freezing rates used to cool indigensuram semen during
cryopreservation

From(°C) To(°C) Rate of coolingfC/min)

5 -5 4

-5 -110 25

-110 -140 35

Ram semen was pooled because of the low ejacubdtienes obtained from the indigenous
rams, to test the three different glycerol conaitins. The pooled semen sample was
diluted 1:1 v/v with an egg yolk citrate fraction (&ithout glycerol) and was then divided
into 4 aliquots. The semen samples were then niagttain a cold room (Recam
international, South Africa) at 5°C for 2h. Two mewafter the addition of the first extender,
one group from the four aliquots was diluted witfiEfraction A, which served as a control.
The other three aliquots were diluted with EYC fiae B containing 7, 10 and 14% GLY in
a ratio of 2:1(v/v) resulting in the final glycerahclusion levels of 2.3, 3.3 or 4.7%
respectively. The samples were further cooled fatlzer 2h, then loaded into 0.25mL semen
straws and frozen, by placing the straws 5cm altioediquid nitrogen (LN) for 10 minutes,

before being plunged into LNnd stored in L storage tank (-196°C) for future evaluation.
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Plate 3.15 The programmable freezer used for seméreezing

¥
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Plate 3.16 Freezing of semen in liquid nitrogen vayur
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Plate 3.17 Liquid nitrogen tanks used for semen stage

3.7 Thawing of semen for the post-thaw semen anags

Semen straws were thawed 7 days after cryopregamvhy placing them in a water bath
[Julabo P (Julabortechnik GMBH) West Germany] at@G7for 30 seconds (Purdy, 2006).
Both ends of the sealed straws were cut with a glagcissors and the semen poured into
15mL test tubes. 10uL of semen was diluted withl@080O sperm washing solution and
stored at 37°C for 5 minutes in an MCO-20 AIC Sab§eCQ incubator (Sanyo Electric
Biomedical Co., Ltd, Japan). The semen samples there evaluated for sperm motility and

velocity parameters using the same method as fosemen.
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Plate 3.18 Water bath used during thawing of the seen straws

3.8 Statistical analyses

Data were analysed using the statistical programS&d®. Analysis of variance (ANOVA)
was used to test for significant differences in semolume, semen concentration, semen pH,
sperm morphology, sperm motility and in the treattee(temperature, storage periods,
glycerol, different glycerol levels and freezing timeds). Treatment means were separated
using the Fishers protected t-test least signitieadifference (LSD), at the 5% level of

significance (Snedecor & Cochran, 1980).
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Chapter 4

Characterization of South African indigenous ram senen

4.1 Introduction

Several adapted indigenous sheep breeds with suggmetic traits are available in South
Africa. These include the Damara, Namaqua, PediZamd sheep breeds, each with unique
traits that make them adapted to South African ttimms. Therefore, for preservation of
these valuable indigenous genetic resources, @sgential to maintain the animals with
certain unique production qualities, using the meghes of semen cryopreservation and Al
(Ehling, 2006). Most of the South African indigesagheep breeds are currently under threat
of extinction mainly due to crossbreeding practi@sl thus their genetic properties need to
be preserved — in order to be used in genetic simpmvement programmes of the specie
and genetic resource banking (Holt, 1997). Cryagmestion is then one of the technologies
which can be utilized to preserve these genetiouregs e.g. the oocytes, sperm, somatic
cells and embryos (Bester, 2006).

Generally, the technique of semen cryopreservativalves temperature reduction, cellular
dehydration, freezing and thawing processes (Medetr al., 2002). The lowering of the

environmental temperature, from room temperatu@ G2 to 4°C generally reduces the
cellular metabolic activity, and thus increases tlie span of the sperm cells.

Cryopreservation as such, stops the cellular agtixé@starting its normal metabolic functions
after thawing (Mazur, 1984).

Sperm cryopreservation usually induces the formatibintracellular ice crystals, osmotic

and chilling injury that may cause sperm cell daejagytoplasmic fracture, and even has
effects on the cytoskeleton or the genome relatectsres (Isachenko, 2003). The main
changes that occur during the freezing of gametesnaostly related to ultra-structural,

biochemical and functional activities, which maytimaktely impair sperm transport and

decrease the survival rate in the female reprodedtact, post thawing — thereby reducing
fertilization rate. Ultra-structural sperm damagegenerally greater in the ram than in the
bull and seems to be species related (Salamon &\eix2000).
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Sperm preservation protocols differ between anispakcies, due to their inherent abilities to
accommodate variations in semen extenders usetieincdoling and freezing processes
(Barbas &Mascarenha2009). These differences between species regarding thetisén

of their sperm to cooling are then largely attrduitto the compositional variation in the
sperm plasma membranes (Bailetyal., 2000). Differences in fatty acid composition and
sterol levels of the cell membrane have also besodaated with the tolerance of sperm to
cold shock and cryopreservation. Thus, the obsemaathtion among species in sperm
survival rate, after freezing and thawing, has batnbuted to these differences. A higher
ratio of unsaturated/saturated membrane fatty aaiuts lower levels of cholesterol in the bull
and ram sperm cell membranes, compared to the hanthdog, have been suggested to be
a reason for the differences encountered in colaclshand cryopreservation tolerance
recorded between these species (White, 1993). Theag then also be considerable
differences between breeds and between individassnregarding the ‘freezability’ of their
semen (Hiemstret al., 2005).

A thorough knowledge of the sperm physiology faspecific species or even breed is thus
essential to maximize post-thaw sperm survival andsequent fertility (Purdy, 2006).
Protocols for different species, including the raave been developed and tested over time,
on various exotic breeds. There is however a neestudy and characterize the quality of
indigenous (in this case, South African) ram senma,it will ultimately determine the
fertility rate achieved. It is deemed necessargrimpreserve indigenous ram semen and to
develop extenders that may optimise the sperm aryo&l and guarantee their survival.
Semen quality and its relationship with male faytiare of utmost importance in animal
production. Moreover, standard semen analysescainely implemented to determine the
acceptability of processed semen for breeding megan this study, the Computer Assisted
Sperm Analysis (CASA) system has been used to atmyr measure the motility
characteristics of the indigenous ram sperm céllse aim of this study was thus to
characterise indigenous South African ram semernresaopically (volume, pH and sperm

concentration) and microscopically (sperm motitayes).

4.2 Materials and Methods
Semen was collected from rams of different Southicah indigenous breeds (Damara,
Namaqua Afrikaner, Pedi and Zulu), during May (erfdautumn — i.e. during the natural

breeding season), 2009. Two rams per breed werkalaleaand used due the scarcity of these
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breeds of rams. The ages of the rams ranged bet@een 4 years and all animals were
maintained on natural pastures, supplemented witbnamercial pelleted diet. Water was
availablead libitum. A total of four ejaculates were collected frontleaam. Semen was
collected twice a week, at an interval of two dagsg the electro-ejaculator. Samples were
collected in graduated test tubes and placed inearno flask at a temperature of 37°C.
Semen was then transported to the laboratory fa@uation within a period of 1h. The raw or
fresh semen was macroscopically and microscopicalBluated for sperm concentration,
sperm cell motility rate, and semen pH. The spesntentration was determined with the aid
of a spectrophotometer (Spermacue®) and the seidarsing a pH meter (Microprocessor
pH/mV/°C Meter Hanna HI 931401). A Computer Assis&perm Analysis (CASA) system

was used to evaluate the sperm cell motility rates.

The sperm viability (percentage live/dead) was meitged using an eosin/nigrosin stain
(60ul eosin/nigrosin and 6pl semen in a thin smédris staining method indicates the live
or dead status of the sperm cells and also allowpad evaluation of the sperm cell
morphology (normal or abnormal) (Bjoernda#tl al., 2003). The semen smears were
prepared on a clean, warmed microscope slide,dmlda@mperature shock to the sperm cells,
and evaluated on the same day of collection withdid of a fluorescent microscope (BX
51TF), using an oil immersion objective (X100 mdigaition). A total of 100 sperm cells per
slide were evaluated and recorded for each rangjpeulate, with the aid of a cell counter,
with the gross structural normal/abnormalities becorded (Hidalget al., 2007). The live
sperm cells fluoresced green, as these sperm dabsatrb the stain, while the dead cells
coloured red, as they absorbed the stain (Beagtdeh, 2004). The live sperm cells were
further categorized as morphologically normal on@imal. Abnormalities were recorded
according to the location of the abnormality egpdh (i.e. bulb, small, enlarged, looped, etc.),
mid-piece and tail (i.e. swelling, looping, part@ad totally lacking, etc.), as described by
Lukaszewiczt al. (2008).

All data were analysed using the statistical Gei®tarogram. The analysis of variance
(ANOVA) was used to test for significant differescbetween the treatments. Treatment
means were compared using the Fishers protectst fdr the least significant differences
(LSD), at the 5% level of significance (Snedeco€&chran, 1980).
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4.3 Results and Discussion

In Table 4.1, the mean live-weight, scrotal circarehce, semen volume, pH and sperm
concentration of the indigenous rams are set dwé.Weight and scrotal circumference of the
rams ranged between 41.3 and 57.4kg and 28 anam31r8spectively. There were no
significant (P<0.05) differences between the rantk vegards to scrotal circumferences. The
volume of the indigenous ram ejaculates ranged dofrto 0.9mL. The volume recorded in
this study was generally lower to that reported3lyet al. (2003), who reported an ejaculate
volume of 0.75 to 2mL as being normal for rams, whsing the artificial vagina (AV) to
collect semen from rams. Hafez and Hafez (200@) edported the semen ejaculate volume
in rams to range from 0.5 to 2mL in mature ramsl tam 0.5 to 0.7mL in young yearling
rams. Furthermore, the sperm concentration recardéee current study ranged from 0.9 to
1.3x10sperm/mL, which was also lower, when compared twewostudies. According to
Evans and Maxwell (1987) the sperm concentratioarofdult ram ejaculate was found to
vary from 3.5 to 6.0x10sperm/mL. This was also supported by Hafez an@#&f000). Gil

et al. (2003) however considered a sperm concentrafichsa10 sperm/mL for rams to be
normal and acceptable. The mean sperm cell coratmmtirecorded in the current study was
however higher to the reported results by Foera. (2004), on intensively managed Dorper
rams (7316x1¢ sperm/mL), also using the electro-ejaculator as method of semen
collection. This difference could thus generally atributed to the method of semen
collection, breed of the rams or age of the indiaild. The semen pH recorded in this study
ranged from 6.5 to 7.3. Greyling and GrobbelaaB89ecorded a similar semen pH for
Boer goats (ranging from 6.40 to 7.02). Semen pebissidered to be normal when it ranges
between 7.2 and 7.8 (Prins, 1999). It is geneiatlyepted that ejaculates obtained following
the use of the electro-ejaculator, tend to induemer with a higher pH, due to excessive
stimulation of the accessory sex glands with thidaline secretions (Greyling & Grobbelaar,
1983). The reason for the significantly (P< 0.@hyér semen pH in the Pedi rams is unclear.

This could possibly be attributed to less accesgtawd fluid being produced.

In Table 4.2 Pearson correlations between the bemyw, scrotal circumference, semen
volume, sperm concentration, semen pH and totahspeotility are set out. Body weight
was positively correlated with total sperm motiljfty= 0.228). However negative correlations
were found to exist between body weight and scrot@umference (r = -0.003), semen
volume (r = - 0.773), sperm concentration (r = 730), semen pH (r = - 0.783). Semen

volume was positively correlated with sperm conian (r = 0.997) and pH (r = 0.566).
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The scrotal circumference was positively correlamgth semen volume (r = 0.197), total
sperm motility (r = 0.537) and sperm concentrafior 0.172). Sarder (2005) recorded the
increases in semen volume and total sperm/ejactdat®e associated with an increase in
scrotal circumference. Langford (1987), Devketaal. (2008), Hassamt al. (2009) and
Okereet al. (2011) also found scrotal circumference to betpety correlated with semen
volume and sperm concentration. Scrotal circumfszemas found to be positively correlated
with sperm motility, and these traits were closadyrelated with the fertility in bulls (Okere
et al.,, 2011. The sperm concentration was positivelyatated with semen pH (r = 0.556).
Negative correlations were also recorded in thiglyst between total sperm motility and

semen volume (r = - 0.562), sperm concentratien-(0.613), semen pH (r = - 0.613).

Table 4.1 Mean (xSD) semen volume, pH and sperm amentration of different South
African indigenous ram breeds

Breed Body Scrotal Ejaculate Sperm Semen pH
weight(kg) circumference(cm) | volume concentration
(mL) (10 mL)
Damara 41.:40.8° 30.&+0.4° 0.4+0.7 1.3+48.5° 7.3+0.7
Namaqua Afrikaner 47.440.5" 29.6+0.¢° 0.9+0.2 1.2+30.5% 7.3+0.%
Pedi 57.4+0.4° 31.0.6° 0.5+0.7 0.6+84.2° 6.5+0.8
Zulu 51.6+0.7 | 28.0£0.7 0.5+0.2 0.6+177.2° 7.3+0.2

aPyalues with different superscripts within a coludiffer significantly (P< 0.05)

In Table 4.3 the sperm morphology of the indigencaim semen determined using the
eosin/nigrosin stain, is set out. Sperm morpholaggenerally considered to be a good
predictor of successful fertilizing capacity (Lukawsicz, 1988). The proportion of live sperm
in the current study ranged between 32 and 64.386. Namaqua Afrikaner ram (32%)
demonstrated a significantly lower proportion afelisperm cells, compared to the Damara
(58.8%), Pedi (59.3%) or Zulu (64.3%) rams. Thesogafor the lower % live sperm recorded
in the Namaqua rams is not clear. It is speculghatithe percentage live sperm in the raw
ejaculates should have been high — due to the seeiag collected in the breeding season.
The Namaqua Afrikaner rams then resulted in thddsg occurrence of abnormal sperm.
These morphological abnormalities of the spermsdedive been generally associated with a
decrease in fertility rate of the rams (Mithgital., 2001). In the present trial the sperm
abnormalities ranged between 5.2% and 8.2%, whiehreggarded as acceptable values for a
high fertility rate. The proportion of abnormal specells recorded in this study were
generally lower than those cited by Pegeal. (1997) (9.4%) and Tala al. (2000) (14.2%).
This may indicate the semen collection and stairpngcedures used in this trial, to be
acceptable.
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Table 4.2 Pearson correlations between bodyweiglsgrotal circumference, semen volume, sperm conceation, semen pH
and total sperm motility in South African indigenous rams

Variables Body weight Scrotal circumference | Semen volume | Sperm concentration | Semen pH
Body weight —

Scrotal circumference -0.003 —

Semen volume -0.773 0.197 —

Sperm concentration -0.730 0.172 0.997 —

Semen pH -0.783 -0.606 0.566 0.556 —

Total sperm motility 0.228 0.537 -0.562 -0.613 -0.613
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Table 4.3 Sperm morphology evaluation of raw semefrom South African Indigenous
rams of different breeds

Breed %_Sperm cells % _Abnormal sperm

Live Dead Head Midpiece Tall
Damara 58.8+4.8 36.0+6.0 1.5+0.7 15+1.3 22+0.9
Namaqua Afrikaner | 32.0+9.9 59.0 + 10.8 45+0.8 25+0.6 22+0.9
Pedi 59.3+4.5 35.2+53 1.2+0.8 15+1.0 27+0.9
Zulu 64.3+6.8 295+7.8 1.2+0.8 2.0+0.8 3.0+0.8

2byalues with different superscripts within a coludiffer significantly (P< 0.05)

Table 4.4 Mean (xSD) sperm motility and velocity rées of South African indigenous ram
breeds, as recorded by CASA

Characteristics Breed

Damara Namaqua Afrikaner;  Pedi Zulu
Total motility (%) 69.6+16.5 37.1+19.9 74.9+11.6 56.0+22.6
Progressive motility 36.4+15.2 17.4+14.7 52.7+13.3 32.6x15.2
(%)
Non-progressive 32.2+13.7 19.7+12.9 22.2+19.8 23.4+17.8
motility (%)
Rapid (%) 59.75+13% 23.4+17.8 60.1+19.5 40.4+19.1°
Medium (%) 4.9+33.0 5.0+2.G 3.9+4 .4 7.0+3.0
Static (%) 30.3+164 62.9+19.9 25.1+11.0 44.0+£22.6
Slow (%) 5.1+3.1 8.8+4.8 11.0+18.6 8.6+11.G
VCL(nm/s) 213.3+393 143.4+20.3 201.7+63.3 193.0+47.6
VSL(um/s) 128.5+39%7 94.0+24.8 143.7+58.1 123.4+52.8
VAP(um/s) 177.8+303 117.8+21.3 164.5+62.1 148.0+49.5
LIN (%) 59.2+9.8 65.1+11.6 69.0+10.1 61.8+12.2
STR (%) 71.5+16.0 79.4+12.1 86.5+6.7 81.5+8.1F
WOB (%) 83.8+6.8 81.8+3.4 79.7+10.2 75.3+7.8

VCL = curvilinear velocity, VSL = straight-line wvetity, VAP = average path velocity, LIN = linearit$TR =
straightness, WOB = wobble, ALH = amplitude delal head displacement, BCF = beat cross frequency
aPy/alues with different superscripts within a rowfdifsignificantly (P< 0.05)

In Table 4.4 the sperm motility and sperm veloc#ies of the indigenous rams, as measured by
the CASA system, are set out. In this analysispttogortion of total motile sperm ranged from
37.1 to 74.9%. Ram as such had no effect on tred tobtile sperm, although the Namaqua
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tended to record lower sperm motility rates thanBiamara or Pedi. The Pedi (52.7%) recorded
a significantly (P<0.05) higher proportion of pregsive motile sperm cells, compared to the
Damara (36.4%), Namaqua Afrikaner (17.4%) and théu 432.6%) rams. The total sperm
motility and progressive sperm motility in the Naqna (Table 4.4) was significantly (P<0.05)
lower, than the other breeds, when using the CAggtes for sperm evaluation. This lower
motility could possibly be related to the lower gamtage of live sperm as set out in Table 4.3.
Furthermore the breeds did not differ in the petage of non-progressive motile, static, medium
motile or slow motile sperm. Breed also recordeceffect on the straight line sperm velocity,
average path velocity (VAP), linearity (LIN), stgaitness (STR) and proportion of wobbling
(WOB) sperm cells, as evaluated by the CASA system.

4.4 Conclusions

In this study, the volume of the indigenous ramcejates ranged from 0.4 to 0.9mL.
Furthermore, the sperm concentration recorded chfigen 0.9 to 1.3x1®perm/mL, which is
lower when compared to other studies. The semerepbtded ranged from 6.5 to 7.3. The Pedi
ram semen recorded the highest total motile (74.8&36) most progressive (52.7%) sperm cells,
compared to the other breeds. The Namaqua rambieesa lowest total motile (37.1%) and
progressive (17.4%) sperm cells, compared to otiveeds, as measured by CASA. The
relatively small standard deviation in the semetuw is indicative of a satisfactory and
repeatable semen collection technique being uséibugh EE is not the most acceptable
technique used. Body weight was positively corsslatvith total sperm motility. However
negative correlations were found between body wemtd scrotal circumference, semen
volume, sperm concentration, semen pH. Semen voluase positively correlated with sperm
concentration and semen pH. Scrotal circumferenes wositively correlated with semen
volume, total sperm motility and sperm concentraod these traits are closely correlated with
fertility especially in bulls. The sperm concentratwas positively correlated with semen pH.
Negative correlations were also recorded in thislyst between total sperm motility and semen

volume, sperm concentration, semen pH.

This study thus gave an overall knowledge regarthiegcharacterization of the indigenous ram

semen and semen quality in the breeds. The udeeo€CASA system offered a more reliable,
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unbiased and repeatable means of microscopicadlysasig sperm motility traits, compared to
traditional visual assessment. The low percentagsperm abnormalities demonstrated the

technique used to collect and evaluate sperm alalities to be acceptable for obtaining

normal, viable sperm.
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Chapter 5

Effect of storage temperature on the viability of duted ram semen stored for different
periods of time

5.1 Introduction

The three South African indigenous sheep breedsmfélda, Namaqua Afrikaner and Zulu) from
which semen was collected, are adapted to the rmrdhSouth African conditions. They are
generally more tolerant to ticks and resistantddain diseases, while they are also said to be
highly fertile and the dams are said to have arkeat mothering ability, being very protective
and able to defend their young against smaller giced (Ramsayet al., 2001). The
characterization of these indigenous breeds haweVer been neglected in the past, especially
regarding their production potential although thaye been crossbred with other exotic breeds —
with no records regarding their production perfonces. The need has however long been
recognized to preserve the genetics of these bifeedsture use. Semen storage (long or short

term) is a method of preserving the genetic paéofithese indigenous breeds.

As the cryopreservation and thawing process of senuuce serious damage to the sperm cells
especially in rams, this may result in impairinge teubsequent fertility rate following Al
(Maxwell & Watson, 1996; Soderquist al., 1997). The use of raw, diluted and cooled semen
shortly following semen collection may be an alsgive method to the cryopreservation of
semen for use in Al programs. Compared to raw lffresemen, cooled ram semen however
exhibits a decrease in sperm motility and sperm pmaogical integrity over time —
accompanied with a decline in the survival ratehef sperm in the female reproductive tract,
with a reduction in fertilizing ability and incread embryonic losses. The injury to the sperm
cells are usually less pronounced in diluted antlechsemen, compared to frozen/thawed ram
semen (Maxwell & Salamon, 1993)respective of the semen diluent used, the difutiate,
temperature, or conditions of storage, the qualftghe sperm deteriorates as the duration of
storage increases (O’Haenal., 2010). It is however important to know when thegerioration

in sperm quality occurs, and therefore there i@dnto study the effect of semen storage on

sperm survival rate for different time intervalhéltemperature at which semen is stored plays a
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critical role in acceptable sperm motility ratesaeled. Temporary storage of ram semen at 5°C
or 15°C would be better in terms of fertilizatioate, following the transportation of semen,
while also being more affordable to small scalenfenrs. The main method of long term semen
storage (cryopreservation) is generally in liquitragen at a temperature of -196°C. This
temperature then lowers the metabolic rate of {hexrs, and contributes to enhanced sperm
survival (Vishwanath & Shannon, 2000). Vishwanatid &hannon (2000) also reported the
storage of semen at room temperature to be supiritre storage at a temperature of 5°C,
provided the medium with which sperm is dilutedibits those pathways that are detrimental to
their survival at higher temperatures. So for exen@graseet al. (2004) successfully used 15°C
as the storage temperature for liquid ram semerordeartificial insemination being

implemented.

It is critical to inseminate at an optimal time ithgrthe oestrous period, relative to ovulation, to
achieve an acceptable fertility rate. It is thespalital to preserve and store the semen used for
Al under optimal environmental conditions. The maceended maximum storage period for raw
ram semen has been set as short as 6 to 12h. Degeod the time required for the
transportation of semen from the Al stations tofdrens, a short-term storage time will make it
possible to inseminate the ewes at an optimal tioreng oestrus (Paulertzal., 2002).

The processing and storage has been shown to prodestabilisation of the cell membrane,
hampering capacitation and acrosome integrity ef sherm (Watson, 1981; Guillaat al.,

1997). Semen extenders are thus generally addsehten to supply the sperm with a source of
energy, protect the cells from temperature relatpay, and maintain a suitable environment for

the sperm to survive temporarily (Purdy, 2006).

The aim of this study was to determine an acceptatdrage temperature (5°C vs. 15°C) and

different storage times for raw ram semen, priohito

5.2 Materials and Methods
Semen was collected during the winter (June, 2008 6 healthy mature rams of different

South African indigenous breeds i.e. the Damaran&tpa Afrikaner and the Zulu breed (2
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rams per breed being used). The ages of the ramgedaetween 2 and 4 years and all animals
were maintained on natural pastures, supplementiddarxcommercial pelleted diet. Water was
availablead libitum. Semen was collected using an electro-ejaculabon fall the rams, twice a
week for a period of 2 weeks, with 4 ejaculatesgeaiollected in total from each ram. Semen
was collected directly into graduated test tubdsclwvwere then placed into a thermo flask, with
the water being maintained at a temperature of 3&fCCollected semen was then transported to
the laboratory for macroscopic and microscopic @atbn within 1h of collection. The fresh
undiluted semen was evaluated for sperm concemtrasemen pH, and sperm motility (refer to
Chapter 3 for more details). The sperm concentrati@s determined with the aid of a
spectrophotometer (Spermacue®), the semen pH héthaid of a pH meter and the Computer
Assisted Sperm Analysis (CASA) system used for meag the sperm motility attributes. After
the initial evaluation, all semen samples were @odand diluted equally in an egg yolk citrate
extender in the ratio of 1:1(v/v). The pooled sensample was then divided into two; one
sample being stored at 5°C, and the other at 1ft(qheriods of 3, 6, 9, and 24h respectively.

Sperm characteristics were then recorded for egehvial of storage.

Data were analysed using the statistical prograemS&at®. The analysis of variance (ANOVA)
was used to test for significant differences betwé#ge treatments. Treatment means were
compared using Fishers protected t-test leastfgignt difference (LSD), at the 5% level of

significance (Snedecor & Cochran, 1980).

5.3 Results and Discussion

Raw or fresh ram semen generally has a shortddifidspan outside the bodynitro) (Morrier

et al., 2002). However, a decreased metabolic rate cextiehd the lifespan of the sperm cells.
Subsequently a low storage temperature generalgnds the fertile lifespan of the sperm — by
reducing the metabolic rate. Sperm cells fromHremculates are generally more fertile for a
few hours after collection and their metabolic sadee high at higher temperatures. However, as
the metabolic rate increases, the life span okpge¥m cells decreases (Hafez and Hafez, 2000).
At normal body temperature (37°C) the sperm cely sarvives for a few hours, because of this
increased cellular metabolism. Ittieerefore imperative to lower and stabilize theiemmental

temperature in which the semen is to be storedellyedecreasing the metabolic rate of the
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sperm cells and thus increasing its longevity (Bkoet al., 2000). The ejaculates from the three
indigenous rams were pooled to eliminate the inlligl seminal differences and compare the
effect of two storage temperatures (5°C and 15°@).Table 5.1 the sperm motility
characteristics of the diluted semen of the indliges rams stored at 5°C or 15°C, as measured

by the CASA system, are set out.

Storage period (3h)

After 3h of semen storage, no effect of temperafbt€ or 15°C) was recorded regarding all the
sperm cell motility characteristics evaluated. \éaludor the different sperm characteristics of
semen stored at a temperature of 15°C were geystgierior to those for semen stored at 5°C —
except for the proportion of static (immotile) specells (although these differences were not
significant). Semen stored at 15°C also exhibitesigmificantly higher proportion of motile
sperm (9.6%) at the medium rate of motility, congghito semen stored at 5°C (5.3%).

Storage period (6h)

After a 6h period of semen storage, the proportibiotal motile sperm, progressively motile,
non-progressively motile and rapid motile spermscedcorded were generally higher in semen
stored at 15°C, compared to that at 5°C. Similatw, proportion of immotile sperm cells was
higher in semen stored at 5°C. No temperature Effes recorded regarding the proportion of
sperm cells for the medium or slow motile, the VGISL, VAP, LIN, STR, WOB, ALH and
BCF characteristics. For 15°C, all values recorfiedhe sperm characteristics (CASA) tended
to be higher than at 5°C. It was evident that la#l parameters measured were decreasing with

time and were not as metabolically active as faitgaa 3h interval.

Storage period (9h)

After 9h of semen storage at 5°C (15.1%), a sigaiftly lower progressive motility rate was
recorded compared to 15°C (22.3%) group. Althougfsignificant differences were recorded,
the percentage total motile, non-progressive mot#dpid motile, medium motile, slow motile,

STR, WOB and ALH sperm were higher when stored58C1 Semen stored at 5°C recorded
higher values for the immotile sperm, VCL, VSL, VABIN and the BCF characteristics.
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Following this period of time, irrespective of tk&orage temperature, it was evident that the
sperm motility characteristics had drastically éased.

Storage period (24h)

After 24h of semen storage, the proportion of totalile, progressive motile, non-progressive
motile and rapid motile sperm cells were signifitg#®<0.05) higher at 15°C, compared to 5°C.
The proportion of static (immotile) sperm cells wagnificantly (P<0.05) lower at 15°C. No
significant differences were recorded for the prtipa of medium motile, slow motile, VCL,
VSL, VAP, LIN, STR, WOB, ALH and BCF characterigicdn general values recorded tended
to be higher for the semen that had been stord®°&@, compared to 5°C. This is because the
sperm cells kept at 5°C are believed to lose thmatility, while maintaining their viability
(Appell & Evans, 1977). The proportion of total n@tsperm recorded after 24h of storage at
15°C was higher (61.2%), compared to that at 3h4@), 6h (50.1%) and 9h (50.6%). The
percentage rapid motile sperm recorded followingy 24 semen storage at 15°C was higher
(48.6%) than following 3h (30.7%), 6h (37.0%) artd(34.3%) of storage. The trend followed
by the sperm motility rates over time was not cstesit, as a linear decrease in semen quality is

generally expected with time.

The cooling of semen to 4°C has been shown to havadverse effect on the sperm motility
rates. In a study conducted by Appell and Evang{)9where semen samples stored at 3
temperatures ( 4°C, 20°C or 37°C) were compareeinspviability followed a motility pattern
very close to that in the semen samples kept ah r@onperature (20°C) and body temperature
(37°C ). However at 4°C the sperm viability was wekserved, despite the loss in motility of

the sperm. At 20°C and 37°C all static sperm weiadd however this was not the case at 4°C.

Semen stored at 15°C recorded a value for the totdile sperm of 51.4%, following a 3h

storage period. This however increased to 61.2%r &t#h. This increase in the total sperm
motility may be attributed to a high proportion ioimotile sperm that possibly regained their
motility after a long time exposure to 15°C. Theemll percentage of total motile sperm
however decreased from 39% (at 3h storage) to 2t%4h storage) in semen stored at 5°C.

This decrease in recorded sperm motility of theesestored at 5°C after 24h period may be
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attributed to the immobilisation of sperm cells tthgenerally occurs at lower storage
temperatures. Generally semen stored at 15°C eelsutt better preservation of the sperm
motility characteristics, when compared to semanmest at 5°C. Langford and Fiser (1980)
reported the storage of ram semen in skim milkbd€Clto be more satisfactory in terms of sperm
survival, than at 4°C — which is in agreement wiité current study. The results recorded in this
study however differ with the observations of O’Hat al. (2010), who found the storage of
semen at 5°C to be superior to 15°C in terms ofi Isperm motility and viability of the semen
stored for a period of 72h. Paulesizal. (2002) also reported the motility of sperm stoa¢&°C

to be superior to storage at 15°C. The differeecended in the current study may be ascribed to
the semen diluent useMorton et al. (2009) clarified the variation in the effectivasgeof the
semen diluents in preserving the longevity and micik fertilising capacity of sperm - during
liquid storage, using different constituents. Thigs in a comparative study using reconstituted
skim milk and CUE (Cornell University Extender) foam semen storage at 4 or 15°C.
Interactions between the type of diluent, dilutrate and the temperature of storage have been
reported by Maxwell and Salamon (1993).

5.4 Conclusions

Semen stored at 15°C recorded higher sperm motlitsnpared to semen stored at 5°C, over the
entire time period. It would thus seem, accordmthe results in this trial that ram semen diluted
and stored at 15°C for a period of up to 24h wasensatisfactory in retaining sperm motility.
However, the fertilizing capacity of the spermIgtids to be evaluated. It can also be seen as
practical means of storing semen (15°C) for thdiegioon of artificial insemination in a short-
term semen storage programme, incorporated witlfSAmen stored at 15°C also resulted in the
better preservation of sperm characteristics asrded by CASA, compared to the 5°C storage
group. CASA can be seen as a very reliable tesrdgrg the sperm characteristics. More studies
need to be conducted to investigate the longer &dfact (more than 24h) of semen storage at
different temperatures on sperm viability and tetfonship to actual fertilizing capacity. The
ultimate test regarding sperm viability would howewe in the fertilizing ability of the sperm

cell — an aspect not investigated in this study.
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Table 5.1 The mean (xSE) sperm motility characterttcs of pooled diluted South African indigenous ramsemen stored at 5°C
or 15°C following evaluation using the CASA system

Pooled semen characteristics

Temperatures at the different storage periods

3h 6h 9h 24h

5°C 15°C 5°C 15°C 5°C 15°C 5°C 15°C
Total Motility (%) 39.0+8.8™ 51.4+8.% 24.4457 50.1+9.6" 31.3+8.8° 50.6+10.6" 27.0+7.F 61.2+10.8
Progressive Motility (%) 20.3+5% 30.416.8a 14.2+3.4c 24.8+5.4ab 15.1+4.3c 22.3+6 4 13.6+3.8 28.85.6
Non- progressive Motility (%) 18.7 + 39 21.1+4. 7 10.2+258 24.9 +5.8% 16.2 +5.6< 283+5.6 13.4 +3.5° 324+53
Rapid (%) 25.9+6'% 30.7+6.%° 17.7+4.3 37.0+7. 7 21.3+6.3 34.3+7.5" 18.345.F 48.6+9.3
Medium (%) 53+1% 9.6+2.5 3.1+1.7 5.0+1.2 3.2+1.2 6.1+1.5" 2.620.8 4.7+0.9
Static (%) 61.0+8% 48.5+8.1¢ 75.645.7 49.9+9.6° 68.7+8.8" 49.4+10.6¢ 73.0+7.F 38.8+10.6
Slow (%) 7.8+1.8 11.2+3.8 3.6x1.0 8.1+1.8" 6.8+2.2" 10.2+1.7 6.2+1.8" 7.9+1.4*
VCL (um/s) 180.1¥16%4 184.3+16.4 168.5+24.3 186.5+10.9 164.0£25.4 163.4+13.2 165.5+25.3 203.6+17.2
VSL (um/s) 112.3+14% 130.8+14.7 113.7+16.8 115.3+9. 7 101.8+20.% 88.0+11.% 100.9+17 .5 122.6:14.%
VAP (um/s) 145.2+16% 153.2+14.7 150.4+23.2 148.1+8.7 130.8+26.1 121.4+13.8 131.5+21.9 163.2+16.8
LIN (%) 59.445.6 70.8+4.3 59.8+7.6" 62.04+4.8" 54.6+7.4 53.3+4.8 53.5+7.3 59.2+3.4"
STR (%) 75.1+4.3 84.7+3.3 70.4+8.9 77.1£2.6 69.5+8.8 73.1+4.8 68.0+8.7 74.6+2.3
WOB (%) 78.44.6 83.1x2.5 75.629.6 79.9+2.9 69.919.5 72.8+4.4 69.629.F 79.0+2.6
ALH(um) 3.3+0.5 3.5+0.7 2.9+0.4 3.3+0.F 2.9+0.4 3.24¢0.7 3.3+0.7 3.6+0.7
BCF(Hz) 13.6x19 14.8+0.7" 14.2+2.3¢ 16.4+0.8" 14.8+2.6" 18.0+1.7 15.2+0.7" 17.5+0.9°

VCL = curvilinear velocity, VSL = straight-line vatity, VAP = average path velocity, LIN = linearit$TR = straightness WOB = wobble ALH = amplitude

of lateral head displacement and BCF = beat crosguéncy *° Values with different superscripts within a row felif
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Chapter 6

The effect of temperature and different storage tires, on sperm motility of ram semen
diluted with an extender containing glycerol

6.1 Introduction

When utilising males with outstanding traits inantolled breeding program, it is necessary to
store the semen for a period of time. This stomeéd be in liquid form at lower temperatures
or by cryopreservation of semen. As long term crgeprvation and thawing of ram semen
induces serious structural damage to the spermandllimpairs fertility, raw diluted and cooled
semen is generally considered as an alternatifr@zen semen, when used for Al within a short
period after semen collection (Maxwell & Watson969 Soderquisét al., 1997). Compared to
raw or fresh semen, diluted cooled ram semen ischewalso exposed to a decrease in sperm
motility and morphological integrity, accompaniedtwa subsequent decline in sperm survival
rate in the female reproductive tract, a reductiofertility and even increased embryonic losses
(Maxwell & Salamon, 1993).

Regarding fertilization as such, it is essentialngeminate, in this case the ewe at an optimal
time during the oestrous period, to achieve actépttertility results. It is also important to
preserve and store ram semen under optimal congdjtibfor maximal Al success. The
recommended maximum storage period of raw semerbé&as said to be as short as 6 tol2h
(Paulenzet al., 2002). Depending on the time needed to trangmrten from the Al station to
the farm, such a short storage time often makedifficult to inseminate the ewes at the
prescribed time during oestrus. The length of théumal oestrous period in sheep has been
reported to vary between 24 and 36h, with ovulagjenerally occurring some 24 to 30h after the
onset of oestrus. Timing of insemination shouldsthoe 12 to18h after the onset of oestrus
(Hunteret al., 1980). Semen extenders are generally addedet@edmen to supply the sperm
cells with a source of energy, protect the celtsnfrtemperature related injury and maintain a
suitable environment for the sperm to survive teraply (Purdy, 2006). Cryoprotectants in the
case of semen freezing are then added as compdoghtssemen extenders to protect the sperm

from these temperature related injuries. In tha gglycerol was included, as a cryoprotectant as
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it is currently the most extensively used agentammalian semen cryopreservation. Glycerol
as such is a penetrating cryoprotectant that camsesbrane lipid and protein rearrangement,
which results in increased membrane fluidity andr@ability for ions and an increase in ATP
consumption. Glycerol thus generally causes greaerm cell dehydration at lower

temperatures and an increased ability for speris t@lsurvive cryopreservation (Holt, 2000).
Certain artificial insemination centres even indudlycerol in the semen extender for the
conservation of raw ram semen at higher tempemt(Hlackett & Wolynetz, 1982). In liquid

semen diluents, glycerol has been shown to reduealécline in fertility associated with the

aging of sperm (Shannon, 1964). Purdy (2006) addecated the presence of glycerol to induce
osmotic damage to sperm, while Morrigral. (2002) only recommended glycerol for use in

semen cryopreservation.

The aim of this study was thus to determine thectfbf temperature and different storage times,
on sperm motility of ram semen diluted with an exter, containing glycerol.

6.2 Materials and Methods

Semen was collected during the winter (June, 2608&ide the natural breeding season) from 6
healthy mature rams of different indigenous braedighe Damara, Namaqua Afrikaner and the
Zulu breed, with 2 rams per breed being used. Tes af the rams ranged from 2 to 4 years and
all animals were maintained on natural pasturessapglemented with a commercial diet. Water
was availablead libitum. Semen was collected twice weekly for a period2olveeks and 4
ejaculates were collected in total from each rarth the aid of an electro-ejaculator. Semen was
collected directly into graduated test tubes, whwére then placed into a thermo flask,
containing water at a temperature of 37°C. Alleciéd semen was transported to the laboratory
for evaluation within 1h of collection. The raw, diluted ejaculate was evaluated for sperm
concentration, semen pH, and sperm motility (forrendetails, see Chapter 3). The sperm
concentration of each ejaculate was determined witb aid of a spectrophotometer
(Spermacue®), the semen pH with the aid of a pHemahd the Computer Assisted Sperm
Analysis (CASA) system used for measuring the speratility. After initial evaluation, all
semen samples were pooled to eliminate individaad differences and diluted equally with an

egg yolk citrate extender, containing 14% glycdrolthe ratio of 1:1 (v/v), making a final
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glycerol concentration of 7%. The pooled semen $amps then divided into two, one sample
being stored at 5°C and the other at 15°C, foag®periods of 3, 6, 9, and 24h. Sperm motility

characteristics were then recorded at each intef\amen storage.

All data were analysed using the statistical progra&enStat®. The analysis of variance
(ANOVA) was used to test for significant differesceetween the treatments. Treatment means
were compared using Fishers protected t-test fotahst significant difference (LSD), at the 5%

level of significance (Snedecor & Cochran, 1980).

6.3 Results and Discussion

Raw extended ram semen generally has a very sénife flifespan and the reduced metabolic
rate of sperm at a lower storage temperature sheutdnd the storage life of the semen
(Maxwell & Salamon, 1993). Thus low temperaturesdtéo extend the fertile life of sperm by
decreasing the cell metabolism (Morrigral., 2002). The sperm cells of fresh ejaculates are
generally fertile for a few hours at a high ratenodtabolism. A high temperature will increase
the metabolic rate, and subsequently decreaseifthepan of a sperm cell. At normal body
temperature (37°C) the sperm cell lives for a fesurk only, due to this increased cellular
metabolism (Brinskat al., 2000). The semen of the three South Africangedous breeds of
rams were diluted in an egg yolk citrate diluemtntaining 14% glycerol and stored at 5°C and

15°C, were compared in this study.

In Table 6.1 the sperm motility characteristicsttod diluted indigenous ram semen exposed to
glycerol as a cryoprotectant and stored at thediwoage temperatures for the different periods

of time, as measured by the CASA system, are get ou

Storage period (3h)

In the current trial, the effect of storage tempaea (5°C vs. 15°C) was recorded with the aid of
the CASA system following 3h of storage — regardir§P (average path velocity) and VSL
(straight-line velocity). Sperm stored at 15°C meleal significantly (P<0.05) higher values for
theVAP and VSL, when compared to that of semen statéifC. The percentage of total motile

sperm, progressive motile, non-progressive mot#pjd motile, slow motile, VCL (curvilinear
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velocity), LIN (linearity), STR (straightness), WO@obble),ALH (amplitude of lateral head
displacement), and the BCF (beat cross frequentygracteristics were recorded to be
numerically higher at an storage temperature ofC1®bmpared to semen stored at 5°C. The
semen stored at 15°C resulted in numerically (natissically) lower static (immotile) sperm

percentage and a medium motile sperm percentagethbtof semen stored at 5°C (Table 6.1).

Storage period (6h)

Following 6h of semen storage, no temperature &€ vs. 15°C) was recorded regarding all
the sperm motility and velocity characteristicsIiés for the percentage of total motile sperm
and percentage static sperm were similar for bethes) storage temperatures (5°C and 15°C).

Storage period (9h)

Following 9h of semen storage, no temperature (€ vs. 15°C) was recorded for the semen
characteristics measured. The percentage of totéilarsperm, progressive motile sperm and
non-progressive motile sperm, rapid motile sperradionm motile, slow motile, the VCL, VSL,
VAP, LIN, STR, WOB, ALH and BCF characteristics wesnce again only numerically higher
for semen stored at 15°C, than at 5°C, althouglketidgifferences were not significant. The
percentage of immotile sperm was higher in semaredtat 5°C than at 15°C.

Storage period (24h)

A significant effect of storage temperature forsthemperature was only recorded for the
percentage wobbling sperm, where semen stored @ té&corded a significantly (P<0.05)
higher WOB than semen stored at 5°C. Semen storEs°& recorded 48.3% total motile sperm
after 3h of storage but this increased to 50.4%\ohg 24h of storage. Similar percentages of
total motile sperm were recorded after 3h and 2494 and 40.8%, respectively) in the semen
stored at 5°C (Table 6.1). This may be due to #duced metabolism induced by the low
temperature of 5°C. The results of the presentysiugte thus similar for the two temperatures.
However it was found that most of the seminal ctiaréstics (sperm motility characteristics)
were higher in semen stored at 15°C, comparedoetktored at 5°C, although these differences

were not significant.
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Table 6.1 The mean (xSE) sperm motility characteriecs of indigenous ram semen diluted with glycerolstored at two

temperatures for different periods of time as measwed by the CASA system

Characteristics

Temperatures at different storage periods

3h 6h 9h 24h
5°C 15°C 5°C 15°C 5°C 15°C 5°C 15°C

Total Motility (%) 40.0+7.4 483+9.6 46.9+83 46.7 8.8 31.8+6.4 471+7.9 408 +7.7 50.4 +10.8
Progressive Motility (%) 26.1 +572 329+6.4 25.6+4.9 295+6.3 22.1+4.4 349+6.2 21.7+4.9 33977
Non-progressive Motility (%) 13.9+ 7% 15.4 + 2.6 21.3+4.6 17.3+3.4 9.7+2.6 122 +2.6 19.1 + 3.8 16.4 + 3.3
Rapid (%) 287 +538 35.7+6.8 33.3+6.7 333+7.6 252 +5.6 378+7.1 316+6.7 40.3+8.9
Medium (%) 59+13 58+1.7" 6.7+1.6 55+ 1.4 29+09 38+1.% 34+086 41+1.%
Static (%) 60.0+7% 51.8+9.6 53.1+8.3 53.3+8.8 68.2+6.5 53.0+7.9 592 +7.7 49.7 £10.8
Slow (%) 54+15 6.8+15 6.9+1.8 79+13 3.7+09 55+1.F 59+1.7 6.0+1.3
VCL (um/s) 157.5+92 169.5 + 6.8 164.2+9.8 1475+12.8 165.8+11.4 180.3+8.8 175.4+8.3 163.8+9.0
VSL (um/s) 102.3 +8% 125.5 + 6.4 101.9+6.9 96.6 +9.0 110.1 + 8.6 126.4+6.9 92.7+6.8 103.1+9.8
VAP (um/s) 121.6 +69 140.6 +6.2 120.8+6.9 111.0+18 126.8+ 7.8 141.1+7.6 118.1+5.7 125.7+ 7.3
LIN (%) 65.2 +4.F 742 +3.3 63.4+3.8 69.5 + 4.8 66.5+1.9 702+1.9 532 +4.% 62.3+5%
STR (%) 84.0+4%8 88.9+1.8 842+19 83.8+2.8 86.3+1.8 89.4+1.2 77.9+3.} 79.9+54%
WOB (%) 777 +2.%F 83.0+2.2 747 +3.6° 770+ 2.1 771+1.9 785+ 1.7 68.4+3.7 771+2.4
ALH(um) 26+0.3 28+0.F 31+072 27+032 30+0.72 3.1+0.F 32+04 27+03
BCF(Hz) 203+24 219+1.3 238+1.06 231+1.3 235+1.% 250+1.6 23.0+2.3 22.1+2.3

VCL = curvilinear velocity, VSL = straight-line vatity, VAP = average path velocity, LIN = linearit$TR = straightness WOB = wobble ALH = amplitude

of lateral head displacement and BCF = beat crosguéncy *° Values with different superscripts within a row felif
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Storage temperature and period had no significBr0.05) effect on total sperm
motility as the total sperm motility of semen stbrat 5°C for 3h (40%) was not
significantly different to the sample that was stbfor 24h (40.8%). The same results
were recorded for semen that was stored at 15°€rer8h and 24h, recorded (48.3%)
and (50.4%) total sperm motility respectively. Resgive sperm motility was also

not affected by either storage temperature or {ifhable 6.1).

Storage temperature and the period employed hasigmificant (P<0.05) effect on
total sperm motility, progressive motility, rapidotility, slow motility, static, VCL,
ALH and BCF, as the sperm maotility and velocity kdweristics recorded did not
show significant differences for semen stored ath bemperatures for different
periods of time. For semen stored at 5°C, a 9rag®period recorded significantly
lower non-progressive sperm motility, comparedhaafd 24h storage periods — with
9h recording a significantly lower proportion of diem motile sperm, compared to
the 6h storage. Storage period as such had nat effethe VSL of semen that was
stored at 5°C, but significantly(P<0.05) lower V8&lues were recorded at 6h and

24h compared to 3 and 9h in semen stored at 15°C.

6.4 Conclusions

Storage temperature and period had no significBr0.05) effect on total sperm
motility, progressive maotility, rapid motility, slo motility, static, VCL, ALH and
BCF, as the motility and velocity characteristiegarded did not show significant
differences for semen stored at both temperataredifferent time periods. However
it was found that most of the seminal charactess{sperm motility characteristics)
were higher in semen stored at 15°C, comparedogetistored at 5°C, although these

differences were not significant.

The addition of glycerol as a cryoprotectant, dest@ted a protective effect on the
sperm motility characteristics of sperm cells thate stored at both 5°C and 15°C, as
the total sperm motility was maintained (40 to 50%) up to 24h of storage. More
studies are however needed to further investigatengst others, the viability of
indigenous ram sperm following storage at theseetos@mperatures for more than a
24h storage period — and the effect on fertilisibgity.
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Chapter 7

The effect of different glycerol inclusion levelsr the semen diluent on the sperm
motility characteristics, following cryopreservation in indigenous South African

rams

7.1 Introduction

The three indigenous sheep breeds (Damara, Pedi@an) from which semen was
collected in this study, are adapted to the hawltiSAfrican conditions and have
superior traits which make them to be in demandhépast these breeds have been
overlooked and have generally been crossbred wikticebreeds to incorporate some
of the desirable adaptation traits. There is thoeed to preserve this genetic material
(semen, oocytes, embryos and somatic cells), beaafueir superior characteristics
for future use (Ramsagt al., 2001).

Polgeet al. (1949) first reported glycerol to have a proteetaction on the survival of
frozen/thawed sperm in chickens and humans. Géyperatyoprotectant (in this case
glycerol) provides a protective action, servingaource of energy for the sperm cell,
while maintaining the osmotic pressure by formingdiogen bonds with the
membrane phospholipids and sugars (Watson, 1978)s Teducing sperm cell
membrane damage and minimizing membrane destalwlizduring the freezing and
thawing processes (Straugsal., 1986). Glycerol is also known to cause greatdir ¢
dehydration at lower temperatures, and thus inducancreased ability of the sperm
cells to survive cryopreservation — due to reducedcrystal formation (Holt, 2000).
However, the inclusion levels of glycerol to diltgrior the cryopreservation of ram

semen may be limited by its toxicity towards thersp cell (Watson, 2000).

In general raw or fresh extended ram semen has@vedy short fertile lifespan and

the reduction in the metabolic rate of the sperthoorild extend the storage life. Low
temperatures generally extend the fertile life lnd sperm, by decreasing the cell
metabolic rate (Morrieet al., 2002). Processing and the storage of semen have
however been shown to promote destabilisation efaéll membranes, hampering
capacitation and acrosome integrity of the spermatdh, 1981; Guillast al., 1997).

However, when a semen extender is added to thersehwvell supply the sperm with
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a source of energy, and protect the cells from &atpre-related damage, while also
maintaining a suitable environment for the spernsuovive in, temporarily (Purdy,
2006).

Most semen extenders for cryopreservation contgm yolk in their composition,
with different combinations of cryoprotectants,different concentrations (Fiset
al., 1987). For the cryopreservation of mammalianesgnglycerol is generally added
to the semen extenders to protect the sperm (Bideirfull, 1984). When semen is
frozen by the slow conventional method and hypéctertenders are used, glycerol
is frequently used within the range of 6 to 8%. Theerol levels higher than these
may cause damage to the sperm cell, thus loweh@gost thawing survival of the
sperm (Barbas 8Mascarenha2009). The present study investigated the freenabil
and sperm characteristics of ram semen diluted edgfty yolk citrate diluents, with

different glycerol inclusion levels.

The aim of this study was thus to determine thénggdtglycerol inclusion level in a

standard cryopreservation diluent for South Africafigenous ram semen.

7.2 Materials and Methods

Semen was collected during winter (July, 2009 -sidetthe natural breeding season)
from 6 healthy South African indigenous rams (Daamdtedi and Zulu) with 2 rams
per breed being used. The ages of the rams rangieebén 2 to 4 years, with all
animals being maintained on natural pastures, sapghted with a commercial diet,
while water was availablad libitum. The ram semen was collected using an electro
ejaculator twice a week for 2 weeks — with 4 ejates in total being collected from
each ram. The semen was collected directly inta@dugnted test tube, which was then
placed into a thermo flask with water (37°C) arahsported to the laboratory for
microscopic evaluation within a period of 1h. Thawr undiluted semen was
evaluated for sperm concentration, semen pH, arefnspmotility. The sperm
concentration was determined with the aid of a spphotometer (Spermacue®) —
calibrated for ram semen, the semen pH measurddthét aid of a pH meter and a
Computer Assisted Sperm Analysis (CASA) system uedthe monitoring the
sperm motility characteristics. After the initialaduation of the ejaculates, the semen

samples were diluted with an egg yolk citrate edegn(EYC) fraction A (without
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glycerol), in the ratio of 1.1 (v/v) and cooled owe period of 2h to 5°C. All ram
ejaculates were pooled and then divided into 4sparttreatment groups. The first
group was diluted with EYC (fraction A), and senasl a control while the other 3
groups were diluted with EYC (fraction B), contaigi7, 10 or 14% glycerol (GLY)

in the ratio of 2:1 (v/v); resulting in the finalygerol inclusion levels of 2.3, 3.3 or
4.7%, respectively . The semen samples were erpi#ith for 2h and then loaded into
0.25mL semen straws. The straws were frozen indigqitrogen (LN) vapour, by
placing the straws 5cm above the A durface for 10 minutes. Thereafter the semen
straws were then plunged into the 4(N196°C). The semen straws were thawed 7
days later, in a water bath (37°C) for 30 secofitt& sperm characteristics (motility
and velocity) were microscopically evaluated usihg Sperm Class AnalyZer
(CASA) system. Data were analysed using the stalsprogram GenStat®. The
analysis of variance (ANOVA) was used to test fignsicant differences between
the treatments. Treatment means were compared E&hgrs protected t-test for the
least significant difference (LSD), at the 5% leddl significance (Snedecor &
Cochran, 1980).

7.3 Results and Discussion

In Table 7.1 the sperm motility and velocity chaeaistics of the raw indigenous ram
semen are set out, prior to pooling. Breed (althougt considered due to the limited
numbers) had no effect on the sperm progressivalitmototal motility, slow,
medium, rapid and static (immotile) sperm. No bredfect was also recorded
regarding the VCL (curvilinear velocity), VSL (stgat-line velocity), VAP (average
path velocity), LIN (linearity), STR (straightnesaipd BCF (beat cross frequency)
sperm characteristics. The percentage of non-pssye sperm cells in the fresh
ejaculates was generally significantly (P<0.05)down the Zulu (15.9%), compared
to the Damara (34.6%) and Pedi (32.3%) semen. Elé Breed (88.2%) recorded a
significantly (P<0.05) higher percentage of WOB flbing) sperm cells, compared
to the Damara (74.7%) and the Zulu (76.4%) bre&ts. sperm cells from the Pedi
breed (2.6pum) demonstrated significantly (P<0.0®yter amplitude of lateral sperm
head displacement (ALH) than the sperm cells ofDhenara (3.4pum) and Zulu (3.4
um) breeds (Table 7.1).
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Table 7.1 The mean (xSE) sperm motility and velogit characteristics for
different S.A. indigenous rams, as measured by CAS#following dilution, prior

to cryopreservation

Characteristics Breed Pooled
Damara Pedi Zulu
Total motility (%) 75.949.4 78.8+7.4 62.6+14.6 72.4+10.4
Progressive motility (%) 41.3+8.3 46.5+6.8 46.7+12.3 44.8+9.1
Non-progressivemotility (%) 34.6+2.% 32.3+6.4° 15.9+3.C 27.6+4.C
Rapid (%) 60.0+83 66.35.6 52.7+14.5 59.7+10.4
Medium (%) 8.3x1.2 8.3+2.7 4.4+1.2 7.0+1.7
Static (%) 24.1+94 21.2+7.4 37.4+14.6 27.6x7.0
Slow (%) % 7.6+3.7 4.2+1.2 5.5+1.% 5.8+2.C
VCL(um/s) 162.8+102 156.6+15.1 171.4+17.7 163.6+14.3
VSL(um/s) 93.9+8.7 107.6+6.9 113.9+16.4 105.1+10.7
VAP(um/s) 121.1+624 137.7+12.8 131.8+18.3 130.2+12.8
LIN (%) 57.5+2.¢ 69.6+3.C 65.9+3.7 64.33.7
STR (%) 77.4+50 79.0+3.6 86.2+0.7 80.9+3.1
WOB (%) 74.7+2.9 88.2+2.G 76.4+3.7 79.8+2.9
ALH(um) 3.4+0.4 2.6+0.3 3.4+0.3 3.1+0.3
BCF(Hz) 17.5+1.% 14.6+1.¢ 19.4+3.C 17.2+2.7

VCL = curvilinear velocity, VSL = straight-line vetity, VAP = average path velocity, LIN =
linearity, STR = straightness, WOB = wobble, AEramplitude of lateral head displacement, BCF =
beat cross frequency

2 bvalues with different superscripts within a rowfdifsignificantly (P< 0.05)

In Table 7.2 the sperm motility and velocity chaeaistics of the pooled indigenous
ram semen stored with glycerol as a cryoprotectanr to freezing, as measured by
the CASA system, are set out. The glycerol includevel had no effect on all the
sperm characteristics recorded, except for theepeage of total motile, progressive
motile, immotile and rapid motile sperm cells. A%44jlycerol inclusion level resulted
in a significantly (P<0.05) lower percentage tatadtile sperm cells (22.3%) being
recorded, compared to the 0% glycerol or contr6l§%), 7% glycerol (57.1%) and
10% glycerol (49.9%) levels of inclusion. The petage of progressive motile sperm

cells was significantly (P<0.05) lower in the 14%ogrol (18.4%), compared to the
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0% glycerol (35.8%), 7% glycerol (42.7%) and 10%cegkol (35.7%) inclusion
levels. An inclusion level of 14% glycerol also udsd in a significantly (P<0.05)
lower percentage rapid motile sperm (19.2%) beswgprded, compared to the 0%
glycerol (40.4%), 7% glycerol (49.8%) and 10% ghptg41.1%) inclusion levels.
The reduced sperm motility rates recorded in thenese equilibrated with 14%
glycerol, indicates the toxicity of cryoprotectamtishigh levels. The sperm motility
decreased with the increase in glycerol inclusiemels. The percentage static
(immotile) sperm cells was significantly (P<0.0%lrer in the 14% glycerol (75.2%)
treated group, compared to the 0% glycerol (49.4P%),glycerol (43.0%) and 10%

glycerol (50.4%) inclusion levels.

In general it can be said that cryopreservatiorseata reduction in sperm motility
and viability following injury even after glycerohddition (irrespective of the
inclusion level) and equilibration. This has beedicated by the low sperm motility
and the high percentage of immotile sperm recorpgedr to freezing.A high
proportion of sperm cells lost their motility dugicooling and equilibration; with 0%,
7, 10 or 14% glycerol resulting in sperm motiligsses of 31%, 21%, 31% or 71%,
respectively. High glycerol inclusion levels resdltin higher pre freezing sperm
motility losses compared to low inclusion levelshigh confirm the toxicity of a
cryoprotectant at a high concentration. One ofrtiagor causes of the reduced sperm
motility after equilibration could be the negatigéfect of glycerol supplementation.
The addition of glycerol to diluted ram semen hasrbsaid to cause changes in the
permeability of the sperm cell membranes whichmdtely affect the viability
(Maxwell & Watson, 1996).

In Table 7.3 the sperm motility and velocity chaeaistics of the indigenous ram
semen after freezing, as measured by the CASAmysiee set out. The percentage
glycerol inclusion had no effect on the percentaj@on-progressive motile sperm,

the medium motile sperm, the slow motile sperm thedoercentage of STR.
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Table 7.2 The mean (xSE) effect of different glycet inclusion rates on the pre-
freezing sperm motility and velocity characteristis of indigenous ram semen, as
measured by CASA

Characteristics Glycerol inclusion rate (%)

0 7 10 14
Total motility (%) 50.6x3.7 57.1+4.9 49.9+5.5 22.3+5.8
Progressive motility (%) 35.8+40 42.7+3.6 35.7+5.3 18.4+4.8
Non-progressive motility (% | 14.8+1.C 14.3+2.74 13.9+2.74 6.4+0.7
Rapid (%) 40.4+5%4 49.8+3.9 41.045.2 19.245.8
Medium (%) 6.0+1.3 4.9+1.7 5.2+1.3 2.6+0.9
Static (%) 49.4+37 43.0+4.9 50.4+5.8 75.2+4.6
Slow (%, 4.2+1.€ 2.3+1.F 3.5+£0.¢ 3.0+1.¢
VCL(um/s) 171.8+102 197.7+6.1 178.6+8.9 155.8+14.2
VSL(um/s) 104.0+738 117.4+2.9 103.0+8.4 100.1+12.4
VAP(um/s) 121.0+6% 136.2+4.2 118.8+8.3 111.6+11.7
LIN (%) 60.4+1.¢ 59.7+3.2 57.7+#3.2 63.7+2.7
STR (%) 85.7+2.0 86.3+1.6 86.7+2.8 89.2+1.7
WOB (%) 70.5+1.3 69.1+3.4 66.4+2.6 71.4+1.2
ALH(um) 3.5+0.F 3.6+0.7 3.4+0.7 3.7+1.9
BCF(Hz) 22.4+1.¢ 25.2+1.¢ 25.9+1.2 48.5+12.®

VCL = curvilinear velocity, VSL = straight-line vetity, VAP = average path velocity, LIN =
linearity, STR = straightness, WOB = wobble, AEramplitude of lateral head displacement, BCF =
beat cross frequency

2 bvalues with different superscripts within a rowfdifsignificantly (P< 0.05)

Most researchers focus their analyses on sperm WGSL, VAP, ALH and STR as
these are indicators of potential fertility (Doradoal., 2007). ALH indicates the
vigour of flagellar beating, which affects the cutee of IVF, and is strongly
correlated with sperm-oocyte fusion (Verstegen, 2200

Sperm frozen without a cryoprotectant (0% glyceml control) recorded a
significantly (P<0.05) lower VSL, VAP, LIN, WOB (vable), ALH (amplitude of
lateral head displacement) and BCF, when comparétht of semen frozen with 7%,

10% or 14% glycerol. So for example the 10% glytémolusion level recorded a
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higher percentage total motile sperm (15.6%), casgbdo the 7% glycerol (12.8%)
and 14% glycerol (8.5%) inclusion levels, althoumhthese differences were not
significant. The same trend was observed for thiegmeage progressive motile sperm
cells. The low percentage total motile sperm reedrddhen semen was cryopreserved
without a cryoprotectant as illustrated in Tabl8 ¥hdicates the importance of its
inclusion in the semen extender. The low values noftility and velocity
characteristics recorded when no glycerol was usedryopreserve semen, may
render the sperm cells incapable of fertilizing thaeytes. The low sperm motility
results again recorded when semen was cryopreserveoh extender with 14%
glycerol inclusion level indicated the possibleitity of glycerol at high inclusion

levels in a semen extender.

Abdelhakemet al. (1991) suggested that it is possible to freexe s@men in the

absence of glycerol with resultant good post-thgers motility. However, in this

study, a significant decrease was obtained regatttie post-thaw sperm motility and
percentage live sperm in a diluent without glycewdien compared to the other group
of diluents containing glycerol. Thus, indicatinget necessity of glycerol as a
cryoprotectant. Glycerol protects the sperm by icaugreater cell dehydration at
lower temperatures, inducing an increased abilitythe sperm cells to survive

cryopreservation — due to reduced ice crystal ftiongHolt, 2000).

It is thus essential to use an optimal cryoprotectglycerol) level in ram semen
diluents, when cryopreserving semen, in order forawve sperm cryosurvival. This is
emphasized in Table 7.3, where semen cryopresémvaa extender without glycerol
recorded the lowest sperm cryosurvival. The resalftsined in this study are lower,
when compared to the study conducted by Ageh. (2002), who recorded 66% post
thawing motility. Anelet al. (2003) also recorded a total sperm motility of6Hh
Churra rams, which was higher than the currentlt®stihe low percentage of total
motile sperm post-thaw was however comparable @b abtained by D’Alessandro
and Martemucci (2003), who obtained a sperm mptiite of 19.6% during winter,
26.3% during summer, 27.3% during spring and 2904#ng autumn in Lecesse ram
semen. Kozdrowsket al. (2007) also recorded 19.3% sperm motility in [Eten

Alpine goats, using the electro ejaculator as te¢éwd of semen collection.
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Table 7.3 The mean (£SE) effect of different glycet inclusion levels on the post
thaw sperm motility and velocity characteristics of pooled indigenous ram
semen, as measured by CASA

Characteristics Glycerol inclusion level (%)

0 7 10 14
Total motility (%) 0.6x0.4 12.8+2.4 15.616.0 8.5+1.6"
Progressive motility (%) 0.0x0°0 7.3+x1.8 9.5x4.4 4.4+0.7"
Non-progressive motility (% 0.7+0.2 5.5+2.% 6.1+2.7 4,2+0.%
Rapid (%) 0.7+0.4 9.5+1. 7" 12.8+4.8 5.6+1.0°
Medium (%) 0.0+0.0 2.2+1.0 2.1+1.0 2.6+0.4
Static (%) 99.3+0% 87.2+2.% 84.4+6.0 91.4+1.6°F
Slow (% 0.0£0.C 1.1+0.7 0.7+0.7 0.5+0.2
VCL(um/s) 82.0+495% 175.0+10.8 207.0+30.8 | 155.0+23.&
VSL(um/s) 24.2+14% 98.7+16.5 92.5+10.8 83.6+10.7
VAP(um/s) 37.7+221 128.3+8.4 142.4+10.8 | 105.6+15.7
LIN (%) 15.0+8.7 57.0+9.7 50.0+12.7 54.8+4.7
STR (%) 31.9+18% 75.8+8.9 67.6+12.3 79.9+2.9
WOB (%) 23.5+13% 73.7+4.8 71.5+6.8 68.4+3.0
ALH(um) 0.0+0.6 2.7+0.3 3.3+0.4 2.7+0.3
BCF(Hz) 0.0£0.C 22.240.7 24,927 21.9+1.¢

VCL = curvilinear velocity, VSL = straight-line vetity, VAP = average path velocity, LIN =
linearity, STR = straightness, WOB = wobble, AEramplitude of lateral head displacement, BCF =
beat cross frequency

abyalues with different superscripts within a rowfdifsignificantly (P< 0.05)

7.4 Conclusions

This study demonstrated that the egg yolk-citratiereder containing 10% glycerol

can be used to cryopreserve indigenous ram senfiectie¢ly, based on the sperm
motility characteristics recorded. This study atenfirmed the need for the inclusion
of a cryoprotectant in the semen cryopreservatinteneler, as semen that was
cryopreserved in an extender without glycerol (oaht recorded the lowest

cryosurvival of the sperm.
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The low sperm motility results recorded in thisdstuwhen semen was cryopreserved
in an extender containing 14% glycerol on the oth&nd indicated the toxicity of

glycerol at high inclusion levels in the semen egt. Further studies are however
needed to improve the entire sperm cryopreservationess and this has, ultimately
to be evaluated regarding the fertilizing abilifytbe ram semen. Other protocols on
ram semen cryopreservation, diluents and thawinggmtures could also improve the

efficiency of semen cryopreservation.
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Chapter 8

Comparison of the slow cooling and liquid nitrogervapour method on ram

sperm motility rate following cryopreservation

8.1 Introduction

In general raw extended ram semen has a relatstetyt fertile lifespan and by

reducing the metabolic rate of the sperm cell, dtwgage life of ram semen may be
extended. The lowering of the storage temperaturene of the ways in which the
fertile lifespan of sperm can be prolonged i.e degreasing the cellular metabolism
(Morrier et al., 2002).

Vapour freezing is a simple and standard methodeofien freezing, but different
computer-controlled freezing programmes have basygested because of their
ability to control cooling and freezing rates inn®re reliable way (Staniet al.,
2000). McLaughlinet al. (1990) have shown the computer-controlled fregzin
methods to preserve sperm quality better than vajpeezing, but others have found
no beneficial effects. Whatever freezing procedsinesed, there is always damage to
the sperm cells, resulting in either structuralfumctional changes (Cheolt al.,
1991).

Successful cryopreservation of sperm cells is &dfibdy the rate of freezing and
composition of the solution in which the cells drezen (Holt, 2000). Therefore,
optimum cooling rates must be used in the cryopvasien of many cell types as it
influences the extent and rate of cell dehydrati®low cooling may dramatically
reduce the sperm cryodamage in many species (Haeimehdl., 2001). Effective
cooling rates for sperm of the horse have beenrtegpdo be around 5°C/min or less
(Varneret al., 1988). However, quicker rates of cooling areurexfl for some other
species, with human sperm being about 10°C/min @dghlin et al., 1990), and
optimal rates of cooling of 20°C/min or more foresm of ram (Fiseet al., 1986),
boar (Fiseret al., 1993) and mice (Staast al., 2006). When cooled to about -5°C,
cells and their surrounding medium remain unfroaed supercooled. Between -5 and

-10°C, ice forms in the external medium, but th# centents remain unfrozen and
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supercooled. The supercooled water in the cellsahaigher chemical potential than
that of water in the partially frozen extracellutaiution, and thus water flows out of

the cells osmotically and freezes externally (Maz990).

The cooling rate affects the subsequent physicahtsvwithin the sperm cells and
determines the outcome of the freezing processpdim cells are cooled rapidly,
water is not lost fast enough to maintain equilibri The cells become increasingly
supercooled, eventually attaining equilibrium byeézing intracellulary (Mazur,

1990). Cells that undergo intracellular ice forromtiduring cryopreservation are
mostly killed (Muldrew & McGann, 1994). If coolinig slow, the sperm cells will

lose water rapidly enough to concentrate the iethalar solutes sufficiently to

eliminate supercooling. The sperm cells will theshydrate and the intracellular
freezing will not occur. If sperm cells are cooted slowly, they experience a severe
volume shrinkage and long-time exposure to hightsotoncentrations. Both factors

could cause cell injury (Mazur, 1990).

The aim of this study was thus to compare two nushaf cryopreserving indigenous
ram semen i.e. with the aid of a programmable Begersus the freezing of semen in
the liquid nitrogen vapour — with respect to pdwwing sperm motility
characteristics.

8.2 Materials and Methods

Ram semen was collected during August, 2009 (endiofer, outside the natural
breeding season) from 6 healthy South African ieda@us rams (Damara, Pedi and
Zulu), with two rams per breed being used. Theaigbe rams varied between 2 and
4 years. All animals were maintained on naturaltypas, supplemented with a
commercial pelleted diet. Water was freely avadatlroughout the trial. Semen was
collected with the aid of an electro ejaculatoricemveekly, for a period of 2 weeks,
with a total of 4 ejaculates being collected froacke ram. Semen was collected
directly into graduated test tubes, which were thi@eed and stored in a thermo flask
(with water at a temperature of 37°C). The colldctemen was then transported to
the laboratory for sperm microscopic evaluation s@ehen processing within 1h.

The raw undiluted semen sample of each ram wasiateal for sperm concentration,

semen pH, and sperm motility. Sperm concentrate&ingomeasured with the aid of a
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spectrophotometer (Spermacue®), the semen pH aspid meter and the Computer
Assisted Sperm Analysis (CASA) system was usedlHersperm motility analysis
(Verstegenet al., 2002). After the initial evaluation of the rawnsen samples, all
ejaculates were pooled and then diluted with an wgg citrate extender (EYC)
fraction A (without glycerol), in the ratio of 1M/{) and cooled over a 2h period at
5°C. After the 2h period of equilibration, the pedlsemen sample was further diluted
with EYC fraction B, containing 14% glycerol in atio of 2:1(v/v), resulting in a
final glycerol concentration of 4.7%. The poolednse sample was then further
equilibrated for a further 2h period and then |l@hdgo 0.25mL semen straws. Half
of the straws (n=10) were frozen in liquid nitrog@érN,) vapour by placing the
straws 5cm above the LNurface, for 10 minutes and then plunging the sestramvs
directly into the LN. The other half of the semen straws (n=10) weseein with the
aid of a programmable freezer, using the followirggezing curve: The semen sample
was cooled from 5°C to -5°C, at a rate of 4°C/ntliren from -5°C to -110°C, at a rate
of 25°C/min and from -110°C to -140°C at a rate86fC/min. Thereafter the frozen
semen straws were transferred and stored in gdmk until further use (Anedt al.,
2003).

After 7 days, the semen straws were removed franidgfaid nitrogen and thawed in a
water bath at 37°C, for 30 seconds. The sperm ctarstics (sperm motility and
velocity) were microscopically evaluated using Sgerm Class Analyz8r(CASA)
system. All sperm motility data were analysed ushwgystatistical program GenStat®
and the analysis of variance (ANOVA) was used #1 ter differences between the
two treatments. Treatment means were compared tisengrishers’ protected t-test
least significant difference (LSD), at the 5% lew#l significance (Snedecor &
Cochran, 1980).

8.3 Results and Discussion

In Table 8.1 the comparison of sperm motility amdiogity characteristics following
the two freezing methods, as measured by CASAetrewd. In general the freezing
technique had no effect on all the sperm motillaracteristics. The values of all the
other sperm motility and velocity characteristiezcept for the percentage immotile
sperm were higher in the semen frozen with theadithe programmable freezer,

compared to the semen frozen in the liquid nitrog@pour. The results of this study
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tended to indicate that sperm frozen with the did programmable freezer recorded
a better quality sperm motility following thawingmpared to semen frozen in the
liquid nitrogen vapour. This may have been duehe overall faster decline in
temperature in the Styrofoam® box than in the paognable freezer. Moreover, the
Styrofoam® box may have provided a more variableeZmg rate than the
programmable freezer as the level of liquid nitroge the box was subjectively
estimated and subject to evaporation, and diffibnlstandardise for each freezing
run. This is in agreement with a study conductedHaynmadelet al. (2001), who
also recorded better sperm motility results whenglogrammable freezer was used.
Similarly, Clulow et al. (2008) found the motility of the sperm cryopreser in the
programmable freezer to be higher than when speene frozen in liquid nitrogen
vapour in a Styrofoam® box. Petyim and Choavara{af6)also demonstrated that
freezing semen with a computerized freezer caesssdryodamage to the sperm cell
affecting sperm motility and cryosurvival rate, quamed to freezing with liquid
nitrogen vapour. Programmable freezers have thétyaltd control cooling and
freezing rates in a more reliable way, and theye gesults that are more repeatable
than LN, vapour method (Staniet al., 2000).The advantages of the 41 Mapour
method are that it is generally cheaper, easy & tas a low liquid nitrogen
requirement, it is portable and thus more practitalcontrast, the programmable
freezer is an expensive apparatus, uses a larganeobf liquid nitrogen and is
generally fixed within the laboratory (Clulostal., 2008).
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Table 8.1 Comparison of ram sperm motility and veloity characteristics
following cryopreservation by two freezing methodsas analysed by the CASA

system

Characteristics Freezing method ( mean £ SE)
Programmable freezer Vapour freezing

Total motility (%) 15.3+3.0 8.81£0.9

Progressive motility (%) 8.9+1.6 4.4+0.7

Non-progressive motility (% 6.5+1.5 4.2+0.5

Rapid (% 11.7+2.( 5.6+1.(

Medium (% 1.30.2 2.6+0.2

Static (%) 85.1+2.8 91.5+1.0

Slow (%) 2.2+0.8 0.5+0.5

VCL(um/s) 199.1+14.0 155.4+23.8

VSL(pum/s) 121.0+8.9 83.6+10.7

VAP(um/s) 146.4+8.9 105.6+15.7

LIN (%) 60.7x4.: 54.9+4.;

STR (% 82.042.t 79.942.¢

WOB (%) 73.7£3.¢ 68.4+3.(

VCL = curvilinear velocity, VSL = straight-line vetity, VAP = average path velocity, LIN =
linearity, STR = straightness, WOB = wobble, AEramplitude of lateral head displacement, BCF =
beat cross frequency

8.4 Conclusions

It can be concluded that a controlled rate of cwpiiemen gives better sperm motility
results in rams, compared to semen frozen in \@pour, but significantly lower than
the acceptable sperm motility rate. It should hosvelve noted that controlled rate
(programmable) freezers are costly, when compaosethe liquid nitrogen vapour
technique. As the sperm motility differences reedrdvere not significant, it is
suggested that the freezing of semen on a sma#l beadone in LM vapour, without
any significant decrease in sperm motility and pmssfertility. The microscopic
sperm characteristics only give an indication @& potential fertility and the actual

test for the two techniques would lie in the corimaprates if vivo).
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Chapter 9

General Conclusions and Recommendations

9.1 General Conclusions

This study gave an overall insight into the chasazation of indigenous ram semen
and the semen quality in the breeds. The CASA sysgjave objective, reliable and
repeatable sperm motility results. Semen volume spelm concentration of the
indigenous ram ejaculates were lower when comp@arether breeds in other studies.
The semen pH recorded in this study was consisiathit that reported for other

mammalian studies. The Pedi ram semen recordediginest total sperm motility

and the highest progressive sperm movement, cowhpareghe other indigenous

breeds.

Body weight was found to be positively correlatathviotal sperm motility. However
negative correlations were recorded between bodghvand scrotal circumference,
semen volume, sperm concentration and semen pHersewlume was positively
correlated with sperm concentration and semen pH.the literature scrotal
circumference was positively correlated with semelume, total sperm motility and
sperm concentration and these traits have beenrstmwe closely correlated with
fertility in bulls. The sperm concentration was ifi@ely correlated with semen pH,
with negative correlations also recorded in thigdgt between total sperm motility
and semen volume, sperm concentration, semen pél.IGvMa percentage of sperm
abnormalities demonstrated in the current studyttretechnique used to collect and

evaluate sperm abnormalities were acceptable fimirahg normal, viable sperm.

Semen stored at 15°C recorded the higher sperniitmatompared to semen stored
at 5°C, over the entire storage period. It wouldstseem, according to the results in
this trial that ram semen diluted and stored aClf®t a period of up to 24h was more
satisfactory in retaining sperm motility. It carughbe seen as a practical means of
storing semen (15°C) for the application of arifficinsemination in a short-term
semen storage programme, incorporated with Al pémsible acceptable fertilisation

rates.
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In semen that was diluted with a glycerol extentter,storage temperature and period
had no significant effect on most of the sperm fhtptand velocity characteristics.
The sperm motility and velocity characteristicsareled did not show any significant
differences for semen stored at both temperats8S &nd15°C) for the different
storage periods. However it was found that moshefseminal characteristics (sperm
motility characteristics) were better in semenedoait 15°C, compared to those stored

at 5°C, although these differences were not sicguifi.

In the trial where different glycerol inclusion kg were compared, it was
demonstrated that the egg yolk-citrate extendetawoimg 10% glycerol can be used
to cryopreserve indigenous ram semen effectivelgased on the sperm maotility
characteristics recorded. This study also confirrtter need for the inclusion of a
cryoprotectant in the semen cryopreservation exends semen that was
cryopreserved in an extender without glycerol (oaht recorded the lowest
cryosurvival of the sperm. The low sperm motiligsults recorded in this study, when
semen was cryopreserved in an extender contaifg dlycerol, on the other hand

indicated the toxicity of glycerol at high inclusitevels in the semen extender.

The controlled rate of cooling semen recorded bsfierm motility results, compared
to semen frozen in liquid nitrogen vapour, but gigantly lower than the acceptable
sperm motility rate. It should however be noted firagrammable freezers are costly,
when compared to the liquid nitrogen vapour teche@igAs the sperm motility
differences recorded were not significant, it iggested that the freezing of semen on

a small scale be performed in liquid nitrogen vapou

9.2 Recommendations

It is recommended that further studies be condugtiag more rams and a different
semen collection technique (artificial vagina). Theger term effect (more than 24h)
of semen storage at different temperatures on spiinility, acrosome integrity and
the relationship to actual fertilizing capacity altbbe investigated. The ultimate test
regarding sperm viability would however be in tieetifizing ability of the sperm cell

— an aspect not investigated in this study.
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Storage of semen at 15°C can be seen as pract@ahsrof storing semen for the
application of artificial insemination in a shoerin semen storage programme, as it
resulted in the better preservation of sperm ntptitharacteristics as recorded by

CASA, compared to the 5°C storage group.

Further studies are however needed to improve thieeesperm cryopreservation
process where other protocols on ram semen cryemeson, diluents and thawing
procedures could also improve the efficiency of eemryopreservation. When the
two cryopreservation techniques were comparednspeotility differences recorded
were not significant, and it is recommended the¢ing of semen on a small scale be
performed in LN vapour, as it is cheaper and easier, when compiarezbstly

programmable freezer.
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Semen was collected from the indigenous Damara, adam Afrikaner, Pedi and
Zulu rams. Hundred and twenty eight (128) ejacslatere collected throughout the
entire study, with semen being collected twice &kvéevery Monday and Tuesday)
from each ram, using the electro-ejaculator. Egtesl were collected in graduated
test tubes, placed in a thermo flask at 37°C, aadsported to the laboratory for
evaluation within 1h interval. The raw or fresh Uotd semen was then
microscopically evaluated for volume, concentratipii and sperm motility. The
sperm concentration was determined with the aid eof spectrophotometer
(Spermacue®) and the semen pH using a pH meterdpticcessor pH/mV/°C Meter
Hanna HI 931401). A Computer Assisted Sperm AnalySIASA) system was used
to evaluate the different sperm motility charastiics. All data were analysed using
the statistical GenStat® program. The analysisapiance (ANOVA) was used to test

for significant differences between treatments.

Characterization of the South African indigenous raperm viability (percentage

live/dead) of the semen samples was determinedg @i eosin/nigrosin stain (60ul
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eosin/nigrosin and 6ul semen), in a thin smearspéirm cells were evaluated on the
same day of semen collection with the aid of arisoent microscope (BX 51TF),
using an oil immersion objective (X100 magnificafio The live sperm fluoresced
green, while the dead cells stained red. The Ipaxra cells were further categorized
as morphologically normal or abnormal. The volurhéhe indigenous ram ejaculates
ranged between 0.4 and 0.9mL. The sperm concemiragicorded in this study
ranged between 0.9 and 1.3%$perm/mL, which are much lower when compared to
other studies. The semen pH recorded in this stadged between 6.5 and 7.3 and
the sperm abnormalities ranged between 5.2% an% 8-2which is regarded as

acceptable for fertilization.

To test the effect of storage temperatures on thieility of the diluted ram semen

stored for different periods of time, the same pthoe of semen collection and
semen evaluation was followedfter the initial semen evaluation, all semen saspl
were pooled and diluted equally in an egg yolkat#érextender in the ratio of 1:1(v/v).
The pooled semen sample was then divided into tadigms, one sample being
stored at 5°C, and the other at 15°C, followingagie periods of 3, 6, 9, and 24h
respectively. Sperm characteristics were then dszbfor each interval of storage. In
general the percentage total motile sperm recoadtent a 24h period of storage at
15°C was higher (61.2%), compared to that at 3h4%), 6h (50.1%) and 9h

(50.6%). From the results of this study it was doded that diluted ram semen can
be successfully stored for 24h at 15°C, retainipgrs motility for the application of

Al.

When evaluating the effect of glycerol as a crytgetant, in the diluted ram semen
stored at two temperatures for different periodsrog, the same procedure for semen
collection and evaluation was followedfter initial evaluation, all semen samples
were pooled and diluted equally with an egg yolkate extender containing 14%
glycerol in the ratio of 1:1 (v/v), resulting infiaal glycerol concentration of 7%. The
pooled semen sample was then divided into two qguustione sample being stored at
5°C and the other at 15°C, for periods of 3, @] 24h. Sperm characteristics were
recorded at each interval of semen storage. Setesdsat 15°C recorded a 48.3%
total motile sperm after 3h of storage, but thisréased to 50.4% following 24h of

storage. The percentage of total motile sperm needarelatively constant at 40%
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after 3h of storage and 40.8% after 24h in the sestered at 5°CThe addition of
glycerol as a cryoprotectant demonstrated a pigteeffect on the sperm motility
characteristics of sperm stored at both 5°C and€C 16t up to 24h of storag&he
effect of different glycerol inclusion levels inethdiluent, on the indigenous ram
semen characteristics following cryopreservationenavaluated. The same procedure
for semen collection was followed and semen wagestda to the initial evaluation
comprising sperm concentration, semei and sperm motility.After initial
evaluation of the ejaculates, the semen samples dikrted with an egg yolk citrate
extender (EYC) fraction A (without glycerol), inghratio of 1:1 (v/v) and cooled over
a period of 2h to 5°C. All ram ejaculates were pdahnd then divided into 4 portions
treatment (groups). The first group was dilutechviitY C (fraction A), which served
as a control and the other 3 groups with EYC (fomcB) contained 7, 10 or 14%
glycerol (GLY) in the ratio of 2:1 (v/v), makingrfal glycerol concentrations of 2.3,
3.3 or 4.7% respectively. The semen samples wendéil@qted for 2h and then loaded
into 0.25mL semen straws. The straws were frozeligind nitrogen (LN) vapour,
whereafter semen straws were plunged into the(t196°C). The semen straws were
thawed 7 days later, in a water bath (37°C) fos&@onds. The sperm characteristics
(motility and velocity) were microscopically evatad using the Sperm Class
Analyzef’ (CASA) system. A 10% glycerol inclusion rate refed a higher
percentage of total motile sperm (15.6%), compéaoethe 7% glycerol (12.8%) and
14% glycerol (8.5%) inclusion levels, although d@tlese differences were not
significant. This study demonstrated that an edg-yatrate extender containing 10%
glycerol can be used to cryopreserve indigenoussamen effectively, based on the
sperm motility characteristics. The low sperm nitytitesults recorded when semen
was cryopreserved in an extender containing 14%egd} also indicated a degree of

toxicity of glycerol at high inclusion levels inglsemen extender.

Regarding the conventional slow cryopreservatiomdmmmable freezer) of ram
semen versus semen cryopreservation in liquid gemovapour, the same procedure
for semen collection and evaluation was followeéteAthe initial evaluation of the
raw semen samples, all ejaculates were pooledtsrd diluted using an egg yolk -
citrate extender (EYC) fraction A (without glycexoin the ratio of 1:1(v/v) and
cooled over a 2h period at 5°C. After equilibratithe pooled semen sample was

further diluted with EYC fraction B, containing 146tycerol, in a ratio of 2:1(v/v)
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resulting in a final glycerol concentration of 4.7%he pooled semen sample was
then further equilibrated and loaded into 0.25mmee straws. Half of the straws
were frozen in liquid nitrogen (LN vapour and then plunged into the .N'he other
half of the semen straws were frozen with the &id programmable freezer. After 7
days, the semen straws were thawed in a waterda®7°C, for 30 seconds. The
sperm characteristics (sperm motility and velocitgre microscopically evaluated
using the CASA systenkrom the findings in this study, it can be concliidieat a
controlled rate of semen cooling gave superior pgrotility results (15.3+3.0%),
compared to semen frozen in LNapour (8.8+0.9%). It should be noted that
programmable freezers are costly, when comparethdoliquid nitrogen vapour
technique. Due to the fact that sperm motility eli@nces recorded were not
significant, it is suggested that the freezing @ihen on a small scale be done using
the LN, vapour technique, without any significant decreasesperm motility or

possible fertility.
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