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Studies on the Effect of Compartble Solutes, Epididynal Compowtds, and Antioxidnnts

on the Post-thaw Motility and Fertility of Pellet Frozen Ram Spernntozoa

The cryopreservation of spermatozoa results in a considerable loss of cell motility and

viability which results in severe reductions in fertitity in many species. Even in those

species where fertility is apparently unaffected or only slightly impaired, the survival of

the cells rarely exceeds 507o. The reduced motility of cryopreserved spenn has been

attributed to membrans damage during the freeze-thaw process. More recentþ, this

¡nembrane damage has also been attributed to lipid peroxidation and to the toxicity of the

cryoprotective agents used in the freezing diluent.

The success or partial success in the recovery of the viability of spermatozoa after

freezing is achieved with the aid of molar concentrations of cryoprotective agents in the

freezing diluents. Even though glycerol and egg yolk have been used traditionally as

cryoprotectants in diluents for freezing semen, recent studies suggest that they may lead

to a reduction in the fenilising capacity of sperrratozoa. Compounds like compatible

solutes, which are reported to preserve the integrity of biological membranes during

freezing, and to protect against free radical-induced damage, and compounds present in

the epididymis, where spenn can be stored in vivo for long periods, may help in the

formulation of better diluents for the preservation of spermatozoa during freezing. The

aim ef ü1is thesis was to deterrrine if the compatible solutes (proline, glycine betaine and

trehalose), the epididymal compounds (taurine, hypotaurine and inositol) or the

antioxidants (carnosine and ascorbic acid), in tris+itrate based diluents could improve the

post-thaw survival anÜor fertility of ram spermatozoa frozen in pellets.

Factorial experiments with various concentrations of compatible solutes, epididymal

compounds and antioxidants in a tris-citrate based diluent containing SVo glycerol (v/v)

andl5/o egg yolk (v/v) were conducted. Semen was frozen in pellets on dry ice (-79'C)

and stored in liquid nitrogen (-196'C). Post-thaw st¡rvival was assessed after incubation

at3T"Cwith a Hamilton-Thorn Motility analyzer and compared with diluents developed at

the Universþ of Sydney for freezing ram semen. The fertility of semen frozen in the

novel diluents l\ras assessed after cervical, intrauterine or transcervical insemination.
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Glycine betaine, proline and taurine significantly improved the post-thaw motility of ram

spermatozoa frozen in pellets when compared with a standard tris-citrate diluent.

However, these compounds were effective only in the presence of both glycerol and egg

yolk. Furthermore, in the presence of compatible solutes, the concentration of glycerol

couldbe reduced to l-27o (v/v) while maintaining post-thaw motility at levels comparable

with those in the standa¡d diluent. In contrast, the presence of trehalose, hypotaurine,

ascorbic acid and carnosine at the concentrations tested, had no effect or were detrimental

compared with the control diluent.

The better post-thaw motility of ra¡n spennatozoa frozen in diluents çontaini¡g proline,

glycine betaine or taurine was not reflected in fertility after artificial insemination. Since

the addition of ascorbic acid and camosine to the freezing diluent failed to improve the

motility of frozen-thawed spenn, it is unlikely that the improvement in motility observed

in sperm frozen in the presence of proline or taurine was due to their suggested capacity

to scavenge free radicals. The mechanism of protection of these compounds to spenn is

presently unknown. However, proline, glycine betaine and taurine may Protect sPerm

by interacting with membrane components during the cryopreservation process.

I
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Chapter 1 TI{E OIADETAIDE

General Introduction Y OF

Artifrcial insemination (AI) allows sheep producers to use semen from

superior males over a larger number of ewes. The utilisation of frozen

prograûN helps to transfer genetic gains more quickly from sheep breeders to èommercial

producers. However, AI with frozen ram semen is mainly used by ram breeders, and

the impact of genetic gains in the national flock is limited by the high cost of AI with

frozen semen (Evans 1988; Maxwell and V[ilson 1990; Cognie 1992). The main

reasons for this situation a¡e the low viability of frozen ram semen and the low fertility

(lanrbing rates) obtained after cervical or vaginal insemination (Salamon and Maxwell

1995a, b); in contrast, if frozen semen is deposited into the uterus by surgery or

laparoscopy commercially acceptable fertility rates are obtained.

The cryopreservation of spermatozoa results in a considerable loss of cell viability, wittt

severe reductions in fertility in many species. Even in those species where fertility is

apparently unaffected or only slightly impaired such as cattle and human, the survival of

the cells rarely exceeds 507o (Watson t979;Evans 1988;Watson et al. 1992a).

The success or partial success in recovery of the viability of spermatozoa after freezing is

achieved with the aid of mola¡ concentrations of cryoprotective agents. Glycerol and egg

yolk have been successfully used as cryoprotectants in semen freezing diluents.

However, both glycerol (Watson 1981a; Jeyendran et al. 1984; Heath et al. 1985; Fatty

1986; Slavlk 1987; Critser et al. 1988) and egg yolk (Shannon and Curson l972a,b;

Shannon t973;'Watson and Martin I976c) may reduce the viability and fertilising

capacity of spermatozoa. Recently, reduced motility of cryopreserved spermatozoa has

also been attributed to lipid peroxidative darnage to sperm membranes (Alvarez and

Storey 1992; Bell ¿r aI. 1993). Holland et al. (1982) and Alvarez and Storey (L982)

reported that reactive oxygen species (ROS) induced lipid peroxidation of spermatozoa

leading to immotility. Later, Alvarez and Storey (1983a) reported that the addition of

antioxidants significantly reduce damage to sperm caused by ROS.
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Therefore, alternative cryoprotective agents that provide better protection to sperm

membranes during the freeze-thaw process, that can act as ROS scavengers, and that are

non toxic to sperm are required to improve the fertility of frozen ram semen.

Furthermore, since the deposition of cryopreserved semen directly into the uterus results

in commercially acceptable fertility rates, further resea¡ch on non-surgicat AI methods to

improve fertility rates with cryopreserved semen is requiled.

Organisms such as plants, elasmobranchs and microorganisms, accumulate certain

compatible solutes (CS) to protect their membranes under stress situations @rown and

Simpson t972;Chu ¿r at.l97ï;Bowlus and Somero 1979;Paleg et al- t98t). Some of

these CS are reported to presenre the integrity of biological membranes during freezing

(Whiters and King 1979; Rudolph and Crowe 1985; Crowe and Crowe 1986), and to

protect against free-radical-induced danage (Smirnoff and Cumbes 1989). Given the

characteristics of the CS, they may be suitable to improve the viability of stored

spermatozoa.

Recently, Setchell et at. (1993) noted that the fact that the epididymis can store viable

spermatozoa for prolonged periods in vivo suggests that epididymal constituents and

related compounds may help in the formulation of better diluents for preserving

spermatozoa during freezing, or storage at 4"C, room temperature, or even body

temperature.

Considering the deleterious effects of the frleezing and thawing process on the membranes

of spermatozoa and the potential benefits of compatible solutes, epididymal related

compounds and antioxidants, the central hypothesis of this thesis is that the post-thaw

viability of ram spermatozoa can be improved by including these compounds in the

freezing diluents. In addition, it was also hypothesised that the observed improvement

in post-thaw motility could be reflected in better fertility.

In the fust series of experiments the effect of CS (proline, glycine betaine and trehalose)

in diluents for freezing spermatozoa was studied (Chapter 4). Investigations were then

carried out on the effect of various concentrations of these compounds in a tris-citrate
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based d,iluent on the survival of ram semen frozen in pellets. The survival of sperm was

assessed with a computer assisted spenn analysis system after incubation at 37"C.

Further studies were conducted on the suitability of CS to substitute for the

cryoprotective agents glycerol and egg yolk. Studies were also conducted on the effect

of epididymal compounds (taurine, hypotaurine and inositol; Chapter 5) or antioxidants

(carnosine and ascorbic acid; Chapter 6) on the post-thaw survival of ram spermatozoa.

Fertility trials (Chapter 7) were conducted at the Experimental Farm of The University of

New South V/ales (LJNSW) at Hay, New South Wales (NSW) in collaboration with the

University of Sydney and the UNSW; at the Avondale and at the Mt. Ba¡ker Research

Stations of the Departrrent of Agriculnue, Vy'estern Australia (WA) in collaboration with

the Sheep Industries Branch of Department of Agriculnue WA; and at the Stud property

Moorundie Pa¡k in Gulnare, South Australia (SA). The fertility of frozen ram semen

was assessed after cervical, transcervical or laparoscopic insemination by assay of

peripheral level of progesterone in blood samples by ultasound or by larnbing.



Chapter 2

Review of Literature

2.1 Artifïcial Insemination

Artificial insemination (AI) has an important role in breeding programs, as substantial

genetic progress can be achieved when it is used in conjunction with accurate progeny

æsting schemes @ppleston and Mærwell 1993). AI has also enabled the introduction of

ne$, genes from overseas into countries which will not allow the importation of live

animals @vans and Mærwell 1987). While genetic improvement has been demonstrated

mainly in the dairy industry (Foote t982), Evans (1983) suggested that there is also a

potential for AI to have an impact on the genetic improvement of sheep.

Historical aspects

Even though AI with fresh, chilled or frozen semen is commonly performed in a variety

of mammats nowadays, very little is known of its historical development. Heape (1897)

reported the version of what might have been the first successful AI, given by Gautier in

1889, citing a certain Dr. Le Bon, refers to an old Arabian document dated 700 of the

Hejira (1322 AD): "... the owner of a valuable tnare 'on heat', armed with a lnndful of

cotton-woot which has been saturated with the discharge from the vagina of the mare

approached by stealth a vahnble stallion belnnging to a member of a ncigltbouring hostile

tribe, and, lnving stfficiently excited the animal with the scent of the material he lad

brought, collectedfrom him speflnatozoa, which he introduced on his retum into the

vagina of hß rnare, and obtained thereby afoal". Schellen (1957) indicated that AI in

sheep was practised by the peasant Varessoto in the 14th century. However, credit for

the successful demonstration of AI of mammals is due to the Italian priest, the Abbé

Lazzato Spallanzani (L776), who reported the birth of three puppies after the

insemination of a bitch: " On the thineenth day she began to show evident signs of
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beíng in heat; the external parts of generation were tumid, and a thin stream of blood

llowed from them. On the twenty-third day she seemed fit for the adtnission of the

male, and I attempted to fecundate twr artíficialty in the following rnanner. Ayowg dog

of the same breed fumished me, by a spontaneous emission, with nineteen grains of

seed,.which were immed.iately injected. into the matrix, by means of a small syringe

introduced. into the vaginø". l¡ l782Rossi and Bianchi (cited by Heape 1897), repeated

Spallanzani's experiments with good results, but these reports did not produce immediate

show of interest and it was not until 1860 before several accounts of successful AI in the

human were reported. However, Schellen (1957) questioned the success of AI in

humans conducted during those years, in view of the preference for insemination on

days close to the menstrual period. Further some of the conceptions attributed to AI

were probably by natural means, as sexual abstinence was not practised. On the other

hand, the successes of the early AI pioneers were often in women with a long history of

infertility. In those days AI was viewed solely as a therapy for infertility and it was

applied to a sub-population with a reduced poæntial for conception.

At the sa.me time as interest in AI in humans was increasing, studies in other mammals

were also initiated and by the tum of the century Ivanov (1907 cited by Watson 1990a)

reported AI for the dog, guinea-pig and livestock species. AI of cattle was used

extensively in Russia and Japan at the beginning of this century @etteridge 1986), and

the prospects of using AI for economic gains in livestock production led to growing

interest worldwide in the 1930's. In the Soviet Union, the number of ewes subjected to

AI rose from approximately 100,000 in 1930 (Emmens and Blackshaw 1956) to

36,315,000 in 1962 (Lunca L96/) and to 44,800,000 sheep and goats in 1987 (Ma,xwell

et at. 1988). The rapid expansion of AI to other countries developed after the Second

V/orld rgVa¡. Nishikaway (1964, cited by Jones l97l), reported that a census conducted

during the 1960's showed that in one year, 59 million cows,47 million ewes, 1 million

sows, 125,000 mares and 56,000 goats were artificially inseminated in the world.

Today AI is mainly used in dairy cows, its use varies from country to country with

almost 100 percent in Denmark and Japan, to about 60 percent in the USA (Betteridge
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1986) and Australia @vans 1991). In contrast, in Latin America, where milk producers

face more difflrcult economic environments, less than 5 percent of the cow population is

artificially inseminated (Plasse 1985). Even though AI in sheep has been practiged for

more than 60 years in the Soviet Union, its utilisation has steadily increased in countries

like France, Australia and New Znaland. Colas (1934) estimated that some 340,000

eu'es ure¡e inseminated in France in 1983, and in 1991 some 500,000 Laucune ewes (a

milk breed) were cervically inseminaæd with fresh semen and 10,000 ewes (mainly meat

breeds) were inseminated by laparoscopy with frozen semen (Cognie 1992). A similar

trend was observed in Australia. During the breeding season of 198314 some 200,000

e\ües were inseminated throughout the country with fresh semen and some 20,000 were

inseminated by laparoscopy with frozen semen in Western Australia (Maxwell 1984).

During the 1984/85 breeding sea¡¡on the number of sheep inseminated with frozen semen

increased to 50,000 (Maxwell 1985), and by the 1988/9 breeding season 250,000

Merino ewes were inseminated by laparoscopy with frozen semen. However, these

numbers represent only a small percentage of the Australian Merino population (Maxwell

and Wilson 1990). Even though the utilisation of AI in sheep has increased during the

last decade, it has not reached the levels observed in dairy cattle. One of the reasons for

ttris situation is that oestrus is more difficult to detect in ewes than in dairy cows, whete

intensive management makes oestrus detection and physical handling at the time of

insemination relatively easy.

2.1.1 Methods of Artificial Insemination in Sheep

In the early 1930 s, efforts to promote the use of AI in sheep resulted in the development

of different methods of insemination: vaginal, cervical and more recently an intrauterine

@vans and Maxwell 1987), and a transcervical method (Halbert et al. t990a). These

methods differ both in their complexity and their fertility success.
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Vagilral i¡ue¡nitation

The vaginal insemination, known in Australia as the "shot in the dark" or SID method, is

fast and simple (Mærwell 1984). It consisS of the deposition of a large volume of fresh

undiluted semen deep into the vagina of the ewe using a straight plastic pipette, without

attempting to locate the cervix @vans 1988). Fainrie and Vfales (1982 cited by Mærwell

1984) reported that the Australian Merino Society inseminated some 100,000 ewes with

this method, claiming satisfactory fertility. Albornoz (1953) reported no differences in

fertility between vaginal and cervical insemination, but recent sh¡dies (Kerton et aI. 1984;

Rival et at. 1984) show that conception rates a¡e L5 to 2O7o lower with SID when

compared to cervical insemination. Even though the SID method is rapid and practical,

the low fertility rates observed with fresh undiluted semen and with frozen-thawed

semen (Ma,rwell and Hewitt 1986), and the large volumes of inseminate required may

indicate ttrat SID is not suitable for commercial AI progams in sheep.

C e rtt ic al íns eminati on

The cervical insemination method (CI), consists of the deposition of semen within the

first fold of the cervix using a plastic pipette, with the aid of a duck billed speculum and

headlarrp (Salamon 1976). Even though CI with fresh diluæd semen may provide the

most economically effective use of semen (Evans 1988), there are several limitations to

its practical utilisation. Firstly, the torn¡ous anatomy of the cen¡ix of the ewe does not

allow penetration of the cervical canat by conventional pþttes for more than I or 2 cms

(Emmens and Blackshaw 1956), which prevents deposition of semen into the uterus.

Second, since the incubation of sperm for more than24 hotus at room temperature or at

5oC results in low fertility rates, semen must be used on the day of collection (Salamon

1977; Mærwell 1978; Colas 1984). Third, semen quality and production are better

during the breeding season (Cognie 1992).

Fertility rates up to 72Vo have been reported after CI with fresh diluted semen in ewes

with synchronised oestrus (Cognie 1992), but significantly lower rates (30 to 4O7o) arc
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obtained with frozen-thawed semen (Graham et aI. 1978; Maxwell et al. 1988; Sala¡non

andMa¡rwell 1995a, b). The low fertility obtained following CI with frozen semen may

be explained by the inability of frozen-thawed spermatozoa to pass through the ceroical

ba¡rier and reach the fertilisation site, or by the reduced viability of spermatozoa in vivo

which is associated with the maintqnance of the cervical population (Lightfoot and

Salamon l97Da,b; Salamon and Lighdoot 1970; Hawk 1983).

More recently, Eppleston et al. (1994) reported that the most important factor affecting

the fertility of frozen-thawed racr semen inseminated into the cervix in sheep is the depth

of insemination. These workers found a linea¡ increase in fertility (7-127o) Per cm as

depth of insemination increased. Because of the low fertility rates obtained afrer CI with

frozen semen and the decrease in fertility with semen stored for more than'?lL hours, CI

is limited to AI with fresh semen.

Uterine insemination

The difficulty of penetrating the cervix and the low fertility rates obtained after CI with

frozen semen, encouraged the development of techniques that allowed the deposition of

semen into the uterus. Salamon and Lightfoot (1967) obtained high fertility rates (88

and 93Vo) after uterine insemination (UI) of frozen-thawed semen. The UI was

perfonned following the exposure of the uterus by mid-ventral laparotomy and

deposition of semen into the cranial ipsilateral uterine horns using a sterile glass pipette

with a fine glazed tip. Lightfoot and Salamon (l97ùa, b) reported no differences in the

percentage of fertilised eggs recovered from Merino ewes subjected to a surgical UI with

fresh or frozen semen. However, these workers found high embryonic mortality after

UI (47Vo) compared to cervical (6Vo) or cervical traction (I37o) insemination methods

(Lightfoot and Salamon 1970b). Trounson and Moore (1974), using fresh semen,

compared two sites of UI (lumen of the body of the uterus or extremities of the uterine

horns) with natural service for the fertilisation of sheep eggs. No difference in the

percentage of fertilised eggs w¿¡s observed between the siæs of semen deposition, but UI

resulted in higher fertilisation rates than in nan¡rally mated ewes (96.5 vs. 59.2Vo).
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More recently, better conception rates have been reported in lactating ewes after UI by

laparotomy (60 vs. 107o) when compared with natural service (Warren et al. 1989).

Regardless of the high fertility rates achieved with this method, the major surgery

involved restricts its use.

Killeen and Caffery (1982), developed a laparoscopic intra-uterine insemination method

(LI) that was simpler and faster than laparotomy for AI in sheep. This method consists

of the location of the uterus with the aid of a laparoscope, atd direct injection of semen

into both uterine horns from a fine pipette through a separate cannula (Evans and

Ma:rwell 1987). Killeen and Caffery (1982) reported high fertilisation rates (96Vo) after

LI with fresh semen, and high non-return (NR) rates (697o) after LI with frozen-thawed

semen. Additionally, they observed lower NR rates when semen was deposited into

one uterine hom (507o) rather than both horns (717o). Studies by Maxwell et aI. (1984)

reported that LI with frozen semen was as effective as CI with fresh semen, and

Armstrong and Evans (1934) and Rodriguez et al. (1988) showed that fenility rates with

frozen semen were higher after LI than after CI. Subsequent experiments provided

information on the appropriate time for insemination and optimum dose of inseminate

with frozen semen (Maxwell 1986a, b; Maxwell and Hewitt 1986). Because of the

relatively small dose of semen used, LI proved to be more efficient for use with frozen

semen than CI with fresh semen (Muwell et al. t984). Even though the development

of LI has resulted in the rapid expansion of AI in sheep in countries like France and

Australia, its use has been restricted to a low percentage of their national flocks (Muwell

and Vlilson 1990; Cognie 1992). Despite the significant improvement in conception

rates achieved after LI with frozen-thawed semen, the method is still considered to be

time consuming under some production systems (Cognie 1992), expensive, due to the

high capital costs and the requirement of a veterinary surgeon to perform LI (in some

countries) and of 3-4 labour units @ppleston and Maxwell 1993; Windsor and Van

Bueren 1993).



l0

Tra¡u c e rv ical iru emilation

McGuirk (19S?) pointed out that in order to increase the use of AI with frozen-thawed

semen in the sheep industry, a simple and cost effective alternative to LI with frozen

semen is required. A vaginal or cervical insemination technique, which should be

performed by trained farm staff using inexpensive equipment, would allow further

expansion of the use of frozen-thawed semen and greater use of genetically superior

raûN. Since high conception rates with frozen semen are achieved only \ilith the

deposition of semen into ttre uterus, there is a need for an altemative non surgical method

to LI. Salamon and Lightfoot (1967) reported better fertilisation rates after frozen-

thawed semen was deposited directly into the uterus with a cervical traction insemination

method (CT) when compared with the traditional CI method. During CT a cervical

papilla is grasped with a long pair of forceps and the cervical os withdrawn to a position

just cranial of the vaginal entrance. Semen is then deposited as deep as possible (1-3

cm) into the cervical canal. However, Lightfoot and Sala¡non (1970b), reported that

after insemination with frozen-thawed semen, the CT resulted in lower lambing

percentages (29Vo),when compared with the traditional CI method (5O7o). Fukui and

Roberts (1976),using a non-surgical intrauterine insemination (NSru) method, reported

a50Vo lanrbing rate with frozen-thawed semen. With the aid of a duck-billed speculum,

the mouth of the cervix was located and fixed by means of special long forceps. An

insemination pipette attached to a ball-tipped 17 gauge hypodermic needle of 10 cm

length was then introduced through the external orifice into the cervical canal. These

workers reported that the fertility of frozen semen following NSru was simila¡ to that of

the conventional CI with fresh-undiluted semen. However, they found that NSIU in

their studies resulted in low penetration percentages into the uterus (42.6 and 45.7Vo)

compared with 6l%o penetration success reported by Andersen et aI. (1973).

Furtherrrore, these workers indicated that the time required for passage of the catheter

through the cervical canal varied between 15 seconds and several minutes depending on

the shape and course of the canal. Studies on the effect of sperm transport after NSIU

with frozen semen in ewes treated with prostaglandin F-2s (PGF-2c) indicated that the
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pattem of sperrr transport was not affected by PGF-2c Eeatment, but that NSIU with

frozen-thawed semen appeared to increase the number of spermatozoa recovered from

the oviducts (Fr¡kui and Robef s 1977). The authors concluded that NSIU improved the

chances of spermatozoa passing rapidly into the oviducts without damage or loss of

fertilising capacity. Fukui and Roberts (1978) conducted further studies in order to

reduce the time required for insemination with NSIU. They used ca¡bon dioxide (COz)

and a dye to investigate a quick insemination into the uterine lumen using slaughtered

animals. These workers found that CO2 and/or the dye were forced into the uterine

lumen within l0 to 30 seconds, and that the dye easily entered the uterine lumen in

almost all the tracts if the COZ gas $ras blown through the canal into the uterus. Even

though the technique was quick and dye was deposited into the uterine lumen of

slaughtered animals, Fukui and Roberts (1978) pointed out that studies using large

numbers of live sheep could be required to obtain information on the efficiency of the

technique and the way the CO2 gas could run though the cervical canal of live animals.

A transcervical intrauterine insemination (GST-AI) method developed at the University

of Gueþh (Canada) was reported to achieve high uterine penetration rates (Halbert et al.

1990a). For GST-AI, ewes are restrained in a hoof trimming cradle modified to support

the head to position the ewe in dorsal recumbency with its head down 2O" to the ground

@uckrell et ø1. 1992). A lubricated plexiglass vaginal speculum with a battery operaûed

light source and a I cm opening along ornside is inroduced into the vagina and the

external cervical os located. Bozeman forceps are used to grasp the cervical os at a

location chosen according on the os type present. The forceps, with the grasped os and

the speculum are drawn caudally 5-10 cm and the handles of the forceps are passed

outwards through the side opening in the speculum. This results in an unobstnrcted view

of the grasped os and the opening to the cervical canal. An inseminating pipette with a

stainless steel bent tipped probe, is advanced with gentle movement, while rotating the

tip in an attempt to introduce it into each of the offset openings of the series of cervical

rings. Penetration into the uterine body is evident when no further resistance is felt and

the instnrment is inserted to its base. The semen is then slowly expelled into the uterus.
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- The high penetration success (80-987o) obtained with GST-AI by Halbert et al. (1990u

b) and by Buckrel! et aI. (1992, 1994), suggests that the method has potential for

commercial use in sheep. However, lower penetration rates have been reported in

Merino ewes inseminated by experierced (76Vo) or inexperienced (547o) operators

(Windsor et aI. 1994). The differences in penetration rates may be due to the level of

experience of the operator @uckrell et al. 1992, t994) and to differences in the Canadian

and Australian flock management systems (Windsor et al. 1994; Buck¡ell et al. 1994).

Other factors for consideration on the utilisation of GST-AI are the age of the ewe and

the post-larnbing time prior to insemination. Halbert et al. (1990b), reported that the

speculum could not be opened as wide in ewe lanrbs as in mature ewes. This made the

finding of the cervix more difflrcult as less working sp¿rce is given forthe manipulation of

the cervix and the insemination. Buck¡ell et al. (1992, 1994) also observed higher

cervical penetration rates in ewes inseminated within four months of lambing (88.7-

92.37o) than in those inseminated more than four months after la¡nbing (66.2-82.4Vo).

The deposition of frozen-thawed semen into the uterus with the GST-AI method may

result in fenility rates similar to those obtained with LI and significantly higher than those

obtained when semen is deposited in the cervix. Halbert et al. (l990b) reporæd similar

pregnancy rates for GST-AI with fresh or frozen semen when compared with LI: 50 7o

in multiparous and maiden ewes subjected to GST-AI and fresh semen; 50 and 68Vo for

multiparous ewes inseminated with GST-AI and frozen-thawed semen; and TOVo for

multiparous ewes after LI with frozen-thawed semen. When lambing rates were

compared after GST-AI and LI with frozen senren no siguificant difference was observed

(55 vs. 657o respectively). However, recent studies have resulted in lower lambing and

pregnancy rates after insemination with frozen-thawed semen and GST-AI. In a study

conducted by Buckrell et al. (1992) with 1,940 ewes, GST-AI with frozen-thawed

semen resulted on a lower lanrbing rate of 4l%o, as compared to the 55Vo pteviously

reported by Halbert et aI. (I99Oa). Buckrrell et al. (1994) reported that lanrbing rates after

GST-AI with frozen semen are higher for ewes bred during the traditional autumm

breeding season (50.77o\ compared with other times of the year (?A.47o).
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Lower and contrasting pregnancy rates were reported by Windsor et aI. (1994) after

insemin¿fisn with the GST-AI with frozen-thawed semen into the uterus, compared with

LI. The success of penetration in ewes recently lambed suggests that GST-AI may be

suitable for flocks on accelerated breeding progÍi¡r¡s, although lanrbing rates ar€ likely to

be affected by other factors related to season and management (Buckrell et al. 1992,

lgg4). Further research is required to improve the pregnancy and lambing rates for the

adoption of GST-AI in commercial AI programs.

Even though the utilisation of AI in sheep with fresh or frozen semen has steadily

increased during the last decades, its use is restricted to elite flocks, thus reducing the

impact of genetically superior rarns over the national flock. Problems related to the

rcproductive tract of the ewe, AI methods and the preservation of semen result in higher

cost of AI, thus limiting its utilisation by sheep producers. During the last 20 years

techniques have been developed to overcome the cervical barrier, resulting in acceptable

commercial pregnancy rates. Nevertheless some of these methods are not of practical

use for commercial AI in sheep due to the requirement of major surgery (uterine

insemination by laparotomy) or due to the high labour costs (laparoscopic insemination)

involved. A modified transcervical insemination method, which has the potential of

bemg perforrred by trained fa¡rr staff, would overcome the problems and costs involved

with laparotomy and./or laparoscopy. However, the contrasting pregnancy rates

obtained under different conditions, indicate that more research on the efficiency of

transcervical methods is required, if they a¡e to be adopted by commercial producers.

The high fertility rates achieved after LI with frozpn-thawed semen currently make this

the only alten¡ative for commercial AI programs.
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2.2 Preservation of Semen

The preservation of viability and fertilising capacity of semen is of particular inærest and

importance to livestock production and to reproductive technologies like AI and embryo

transfer. Since the early days of AI researchers have been interested in the possibiltty of

preserving semen for short or long periods of time.

Historical aspects

Antonio Spallanzani's contributions to reproductive biology were not limited to the use

of AI, he was also interested on the preservation of semen. Earlier tn 1776, Spallanzani

(1776) reported his observations on subjecting stallion spenn to freezing: "The same

effect wøs produced. by snow, as by the winter's col.d; that is, infourteen minutes, iî

made the spermatozoa motionless; althoughwhen exposed to the heat of the atmosphere

they continued to rnove seven hours and a half. But an accident that happened. in this

experitnent, executed during surnmer, afforded new intelligence, and divested me of a

prejud,ice. Obsertting that the vermiculi had. become motionless, I took the glass from

the snow and,lefr it exposedto the air, whenthe heatwas 27 ". Anhaur after, by chance

obsenting this semen with the microscope, I was astonished to find all the vermiculi

reanimated, and. in such a mrznner, as if they had just come from the seminal vessels. I

then saw, that the cold had. not killed them, but had reduced them to a state of complete

inaction". Spallanzani's report promoted theories towa¡ds the possible applications of

AI and preservation of semen, perhaps the most prophetic of them all was the one

postulaæd by Manteg azzain 1886 (cited by Watson 1990a), " If the human sPefln can be

preserttedfor rnore than four days at the temperaUre of melting ice without undergoíng

any change, then it is certain tlut scientist of the funre will be able to improve breeds of

horses and cattle without having to spend enorrnous sums of rnoney in transporting

thorough-bred stallions arú bulls. It will be possible to carry out anificial insemination

withfrozen sperrn sent rapid.ly from one tocatity to another. It should be also feasible for

a husband who dies on the battlefieW to fertilise his wife and thtts to have legitimate sons

even a{ter his own death. "
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Watson (1990a) considered that Mantegazza's ideas served as a beacon for the

development of veterinary applications, and later, applications in human medicine.

Since the early reports of AI in the dog (Spallanzani 1776) and in humans (reviewed by

Schellen, 1957), freshly ejaculated semen was inseminated mainly because it was

believed that seminal plasma was in some way essential to fertility. However, in the

l9ttr century, resea¡chers became interested in the utilisation of solutions for the dilution

and storage of semen. The use of diluents to store semen has its origin in certain

experiments made by Donné, de Quatrefages, and Koelliker (reviewed by Mann 1954),

who examined the effect of blood plasma, milk, various proteins and sugars on the

sperr¡atozoa. In 1837 Donné investigated the influence of milk, urine, vaginal and

cervical secretions. A few years later Koelliker (1856, cited by Mann L954), published

his observation on spennatozoa of the bull, stallion, rabbit, pigeon, frog and fish, and

pointed out that the sperm cells rendered motionless by dilution with water could be

mobilised by the prompt addition of salts or concentrated solutions of certain organic

substances, such as sugars, glycerol or some proteins. Koelliker also investigated in

some detail the activating influence of blood serum, male accessory gland secretions, and

a variety of inorganic and organic substances on sperm motility. Gernmill (1900, cited

by Mann 1964) thought that sperm longevity could be increased by beef broth, and

pointed out the importance of 'a¡tificial nutrition' for the survival of spermatozoa. At the

same time a group of Russian researchers at the Institute of Experimental Medicine, in

St. Petersburg demonstrated, in several species, that epididymal spermatozoa suspended

in a simple bicarbonate or a saline media were capable of achieving normat fertilþ

(Ivanov 1930). The studies conducted at the beginning of this century by Ivanov on

diluting media for spermatozoa and animal reproduction, laid the foundations for the

development and practical application of AI in domestic (horses, cattle and sheep) and

wild animals (Ovrs poli and silver fox). Ivanov (1930) also stressed the advantages of

this form of breeding. The need for preservation of spennatozoa for longer periods of

time resulted in the development of several techniques for the successful storage of

spermatozoa at low (0-10'C) and very low temperatures G79 "C or -192 "C).
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2.2.1 Short-term Storage or Liquid Storage

From the very fust experiments on preservation of semen, a reduction in æmperature

was used to depress metabolic activity and prolong sperm survival, showing that

temperature exerts a powerful influence in determining the viability of spermatozoa. In

the l9ttr century experiments, on the exposure of sperm to temperatures ranging from 0

to l7"C were conducted by Prévost, Quatrefages, Mantegazza and Schenk (cited by

Mann 1954). Studies conducted invito reported that cooling freshly ejaculated semen

to a temperah¡re just above OoC is not harmful, provided that the temperature of the

ejaculate has been lowered gradually, preferably by successive stages of 5oC within 2 h

or so (Mann 1954). 'When ejaculated semen is subjected to sudden cooling, temperature

shock is produced (Chang and \I/alton 1940), causing i¡reversible changes to the

metabolic activity and motility of ram spermatozoa.

The growing interest in the application of AI led to investigations on the physical and

chemical attributes of semen, to the recognition of the phenomenon of cold shock

(l\,filanov 1934 cited by Walton 1957; Chang and V/alton 1940), to the utilisation of egg

yolk as a protective substance for the storage of bull spermatozoa at 6-10"C for longer

than 4 days (Phillips 1939; Lardy and Phillips 1939; Phillips and Lardy 1940), and

allowing the transport of semen over long distances.

Russian diluents

Studies on animal reproduction conducted at the end of the 19th and beginning of this

century by Ivanov and Milovanov in Russia, resulted in the development of diluents for

the preservation of horse, cattle and ram sperrratozoa. One of the first diluents used in

Russia for insemination of cattle, was Milovanov's 'SGC-2 dilutor' which contained

Na2SO4, glucose and'Witte's peptone (Mann 1954). Milovanov also experimented u/ith

'gelatinised diluents' which contained, apart from salts and glucose, some gelatine which

was added to increase the viscosity of semen and concomitantly decrease the motility of

sperrratozoa (Maxwell and Salamon 1994). Such a diluent was the 'GPC-3-G dilutor',
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which was developed for the storage of bull spermatozoa, and consisted of NazHPO¿,

KIIzPO+,NazSO¿, glucose, gelatine and water.

Milovanov (1937, cited by Mærwell and Salamon 1994), claimed a 53Vo larrbing rate

after insemination with semen diluted with gelatinised glucose-phosphate medium and

stored at 7-l8oC lor 2O-25 h. Another diluent used in Russia was the GFO-S, a glucose-

phosphate-phospholipid (soya extract) medium, but this was later replaced in 1940 by

glucose-ciEate-egg yolk developed by Milovanov (Ma¡cwell and Salamon 1994).

Difucnts containin g milk

During the last 30 years a number of naftral and synthetic diluents have been used for the

short-term preservation of mammalian spermatozoa. Despite the difference in the diluent

composition, milk or egg yolk have been a major part of the diluent or are added in small

quantities to a synthetic diluent. Melrose (1962, cited by Watson L979), reported that

milk diluents have been used as extenders for bovine and ovine semen since 1950.

Blackshaw (1955), suggested that the incorporation of a protein in diluents for ram or

bull semen could buffer the solution against changes in pH, chelate any heavy metals

present, and partially protect spermatozoa from a reduction in temperature (Choong and

Wales 1962). Even though milk can protect spermatozoa, Thacker and Almquist (1953)

reported that fresh cow milk was toxic to bull spennatozoa. Later Thacker et al. (1954)

defined that the toxic factor was present in the serum protein fraction, and that it was

inactivated by heating milk to 92"C. Blackshaw (1960) reported that for dilution of ram

spermatozo4 heating at 85"C for 5 min was enough to detoxify pasteurised milk.

Salamon and Robinson (1962a) conducted fertility trials with fresh ram semen diluæd

with milk-based diluents (whole cow, skim cow and whole ewe). Fresh milk was

heated at 95"C for 8 min prior to dilution. These workers found no significant

differences in lanrbing rates for semen diluted with whole or skim cow milk. However,

the ewe milk diluent significantly reduced the lanrbing rate after single insemination

(46.37o) compared with whole or skim cow milk (68.8Vo).
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In subsequent studies, Salamon and Robinson (1962b) compared the effect of milk or

egg yolk-glucose-citrate (EYGC) diluents with ñesh, cooled transported ram semen, and

ram semen stored for up to 3 days on lambing rates. No differences in lambing rates

between fresh and cooled üansported semen were observed. These workers found that

the EYGC diluent was more effective for sperm storage at cool temperatures than the

heated cow milk diluent, but the relative effectiveness of cow milk increased when

penicillin was added to the diluent. Furthermore, the presence of the antibiotic resulted

in a significant improvement in the fertilising capacity of the stored spermatozoa up to

48h after collection. Nevertheless they suggested that the mærimum duration of storage

of ra¡n semen with these diluents was24 h, and that semen stored for this period could

result in a loss of about L5 Vo of.the fertilising capacity

Jones (1969a) compared the toxicity to ram semen of fresh ewe skim milk, heated

pasteurised skim cow milk, and a synthetic diluent containing fructose. He reported that

spermatozoa diluted in fresh ewe milk became immotile within a few hours of dilution.

lVhen the ewe milk was heated and cysteine added, a reduction in toúcity was observed

in spermatozoa stored at 5oC for three days or at37"C for 2.5 h. However, none of the

ewe milk diluents was as satisfactory as heated pasteuised cow milk or a fructose-based

synthetic diluent. Dilution of semen with lyophilized ewe milk containing 0.57o milk

solids and 1.0 mg/ml cysteine and stored at37"C resulted in poor motility. But when

2.0Vo lyophilized ewe milk was added to a synthetic fructose diluent a significant

improvement in the survival of spermatozoa stored at 5oC was observed.

Milk has also been successfully used for the storage of ram semen at 15"C. Colas

(1984) reported the fertilising ability of spermatozoa stored for 5 h was significantly

higher when the semen was diluted with heated reconstituted skim milk than with egg

yolk solutions in ewes inseminated at natural or synchronised oestrus. Colas et al.

(1968) reported that the addition of catalase (zùttùrnl) to a skim milk diluent did not have

any effect on the viability of sperm stored for less than 10 h at l5oC, but catalase \üas

beneficial to sperm diluted with an egg yolk-based extender. The average lanrbing rate

obtained in ewes subjected to double insemination at a synchronised oestn¡s with semen
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extended with a skim milk and catalase diluent and stored for up to 14 hours at 15oC,

was slightly higher than that observed with semen stored in the Cornell University

Extender (75.4 vs.66.4Vo respectively). Colas et al. (1968) indicated that thc lambing

rates obtained with semen stored in their diluent, were compa¡able to those obtained in

ewes inseminated at a natural oestnrs. The use of skim milk diluents has been adopted

by countries like France, where lambing rates range from 60 to 65 7o in dairy ewes and

from 65 to757o in meat ewes after a single i¡ssmination per induced oestn¡s (Cognie

lg92). Colas (1984) reported that spermatozoa diluted with the skim milk extender lost

nearly all their po\iler of fertilisation when the period of storage at 4"C was longer than

24 h, while higher fertitity was observed after sperm were stored in an egg yolk-based

extender.

In a fertility trial with a small number of ewes, Langford and Fiser (1980) observed that

the temperature and duration of storage had an effect on the fertilising capacity of rast

spermatozoa diluted with skim milk. They observed a decrease in la¡nbing rates of ewes

inseminated with semen stored at 15"C for 6 (83Vo), t2h (4OVo) or 24h (337o). These

workers forurd no difference in the larnbing rates after AI with spennatozoa stored at4"C

fot 6 (607o),12 (68Vo) and24 (74%o)h.

D ilue nt s cont ainin g su g ar s

A number of diluents containing different sugars have been examined for their ability to

preserve the fertility and motility of ram spermatozoa after short-term storage. Choong

and Wales (1962) and V/ales and Choong (1963) reported that synthetic diluents

containing lactose and casein protected bovine and ovine spermatozoa from the effects of

cold shock. Mafin (1966) tested both compounds for their ability to preserve the

motility of ram spermatozoa at 37"C and 5oC. He reported that a phosphate buffer

containing an isosmotic lactose solution (61 mI\4 to246 mlvl) was superior in preserving

sperm motility at both 37"C and 5"C compared to the control diluent (123 mM sodium

chloride and no lactose). Furthermore the addition of 184 mM fructose, glucose,lactose

or sucrose and 31 mM sodium chloride were all better for the storage of ram semen at
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5oC than the control. The motility of spermatozoa incubaæd at37"C was slightly but not

siguificantly lower in diluents containing 27o than0.57o of lactose.

Lapwood and Ma¡tin (1966) investigated the effect of sugars in synthetic diluents for

storage of ram semen at37"C or at 5oC, and reported that the temperature of storage

dictated which sugar should be used to obtain the best viability of stored spermatozoa.

The readily metabolizable hexoses: glucose, mannose' and fructose; and the

disaccharides: lactose and mannose; supported spermatozoal survival very well at 37"C,

whereas survival of sperrratozoa stored at 5"C was superior in the presence of the

pentoses or galactose. These workers concluded that the addition of 17 mM fructose to

a pentose-containing diluent resulted in a siguificant increase in motility and on the

percentage of motile spermatozoa in diluents containing ribose and a¡abinose at 5"C but

not at 37"C. Xylose was generally superior at 37oC than ribose and a¡abinose. In

subsequent studies, Martin and Richa¡dson (1976) found that diluted ram sPennatozoa

survived better during incubation at 39oC or chilled to 5oC if glucose was replaced by an

equimolar amount of inositol in the diluent. They also studied the effect of inositol or

glucose in a phosphate buffer or in a hydrogen ion buffer (mes (2-(N-morpholino)ethane

sulphonic acid) on fertility. V/hile the MES-inositol diluent was satisfactory for

preserving the viability of ram spennatozoa during storage at 5oC, no significant

differences in fertitity were observed when compared with the glucose-phosphate

diluent. Another hydrogen ion buffer developed in New Tx;aland for the liquid storage

of ram semen is the RSD-I diluent. Upreti et aL (1991) reported that the inclusion of

125 mI\{ mops (3-[N-Morpholino] propane sulphonic acid) in this diluent resulted in

significantly higher motility of spermatozoa(27%o) compared to semen diluted with milk

(OVo) after storage at 38oC for 30 h.

Diluents containing egg yolk

Since Phillips and Lardy (1940) recommended the use of egg yolk as a protective agent

against cold shock, it has been included in synthetic diluents for the storage and transport

of semen. Watson and Ma¡tin (1973) studied the stability of substances in egg yolk
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which protect ram spermatozoa against the detrimental effects of cold storage and found a

beneficial effect of egg yolk (up to3.75Vo v/v) on the motility of semen stored forT2hat

2-5"C. However, areduction in acrosomal damage occurred only in the presence of up

toO.757o (v/v) egg yolk. 'Watson and Ma¡tin (1973) suggested that egg yolk contains a

substance or substances which preserve the motility of spermatozoa both during chilli¡g

and deep-freeang. However, at the 3.75Vo (v/v) concentration, egg yolk also appeared

to be detrimental to the acrosomal membranes. Further studies on the effect of some

fractions of egg yolk on the survi'ùal of ram spermatozoa stored at 5"C for 72 h

conducted by Watson and Martin (1975a), indicated that the low-density lipoprotein

fraction of egg yolk is the most likely source of protection to nìm sPermatozoa against the

effects of storage at 5oC. Watson and Martin (1976a), reported that the fertility of ram

semen was significantly higher after cervical insemination with fresh semen (40Vo)than

with semen diluted with a buffered glucose-saline solution containing 3Vo (vlv) egg yolk,

and stored for 5 h (31.67o) or 18 h. (30.27o).

Watson and Martin (1976b) studied the fertility of spermatozoa in semen extended l0 or

30 fold with a buffered glucose-saline diluent containing either 1.5 or 6 7o (vlv) egg yolk

immediately after dilution or stored at 5"C for 24 or 48h. These workers found that

dilution caused a significant drop in the non-retum rate (NRR) after cervical insemination

of ewes, and a significantly lower NRR when spenn were cooled and stored at 5oC for

up to 48 h. The fertility of spermatozoa extended with a diluent containing 67o eggyok

was lower but not significantly different to semen extended with a diluent wlth L.SVo egg

yolk.

In a subsequent experiment, 'Watson and Martin (I976c) studied the fertility of ram

spermatozoa extended with a buffered glucose-saline solution containing 0.37, 1.5 or 6

7o (vtv) egg yolk, immediately after dilution or after incubation at 35"C for t h. 'When

semen was used for cervical insemination immediately after collection and/or dilution, a

significantly higher NRR was observed with undiluted semen (69Vo) than with semen

diluted in the presence of 0.37 (58Vo), 1.5 (50Vo) or 6 (42Vo) egg yolk. The incubation

of semen for t h at 35oC resulted in a small but non-significant reduction in NRR.
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From these studies, Vy'atson and Ma¡tin (J976rc) concluded that even though the presence

of egg yolk is beneficial to the motility and the morphology of ram sPermatozoa during

d,ilution a¡rd chitling, it appeared to inhibit conception in sheep. In addition these

workers suggested that both inhibitory or toxic and protective substances appear to be

present in the egg yolk.

Salamon et al. (1979) examined the pregnancy and lambing rates after surgical or

cervical insemination with semen stored at 5oC in a tris-fructose-egg yolk diluent.

Lambing results after surgical insemination with semen stored for 0, 4, 6,8,9 and l0

days were 53, 35, 40, 25,5 and 07o tespectively, even though these results were

obtained after deposition of a high number of motile spermatozoa into the uterine horns.

These workers indicated that spermatozoa stored for the above periods are not only

capable of initiating fertilisation but a proportion of zygotes survived successfully.

Salamon et al. (1979) found a linear decrease in fertilisation rates beyond 4 days of

storage and in early pregnancy after 6 days of storage. Larnbing rates with semen stored

for 0, L, 2 and 3 days were significantly higher after double (66.7,56.8, 46.4 and

41.57o) than single inseminatio n (57 .7, 30.4, 26.8 and 4.7 Vo)

Syntlwtic diluents

The composition of synthetic diluents for storage of ram semen has change little since

they were elaborated in the first part of the century (Maxwell and Salamon 1994;

Salamon and Mærwell 1995a). However, attempts have been made to use alternative

diluents to improve the survival of ram semen at37"C or 5"C .

Schindler and Amir (1961) obtained a better survival of ra¡n spermatozoa stored at 4"C

with the addition of glycine to a citrate buffer compared to an egg yolk-fructose-

phosphate buffer, egg yolk-citrate buffer, cow or ewe milk with or without yolk.

Rammajann et al. (196/,, cited by Maxwell and Salamon 1994) reported that semen

diluted in a modified Minnesota diluent and stored at 5oC for 12,36 and 66 h resulted in
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88, 80 and277o larrbing rates respectively afrer single insemination of a small number of

ewes. Wiggan and Cla¡k (1967) also using a modified Minnesota extender with2OVo

egg yolk instead of spray-dried egg yolk solids, reported higher lambing rates in ewes

cervically inseminated with semen stored for 12 (947o), than for 36 (93Vo) or 60 h

(677o).Rodriguez et at. (1986), assessed the survival of ra¡n semen stored for up to 144

h in egg yolk-citrate (EYC) diluents containing Aloe vera (A. vera) derivatives. The

addition of.4OVo A. vera extract to an EYC diluent resulted in higher survival of sperm

QOVo) after storage at 5oC for 144 h, compared with the survival of sperm stored in EYC

with 4OVo Aloe vera jarce (57Vo) or EYC (44Vo). However, A. vera did not have an

effect on the maintenance of motility in the absence of egg yolk.

Norman et al. (1962), reported that a coconut milk extender (CME) containing catalase

(CAT), sulphanilamide, sodium citrate, penicillin, dihydrostreptomycin, polymixin B

sulfate, mycostatin and egg yolk, was better than milk-glycerol or egg yolk-citrate for

preserving the fertilising ability of bull spermatozoa both at l8-30"C and 5"C. Norrran

(I9Ø) reported that the CME was also suitable for the preservation of boar, rabbit and

human semen at variable temperatures. Prasad and Nomran (1968) reported that a CME

containing sulphanilamide, calcium nitrate and glycine was able to maintain TOVo of the

initial ram sperm population alive and motile at room temPerature for a week after a

continuous storage period of one month at 5"C. Furttrermore they claimed ttrat the CME

was a better diluent than the Cornell University extender, the egg yolk tris and the egg

yolk-citrate in preserving ram spermatozoa at variable temperatures. However, no data

on the fertility of ra¡n speûnatozoa stored in CMEa'cavailable.

Chairussyuhur ¿t at. (1993) reported that coconut milk and egg yolk in the CME

described by Norman et aI. (1962) can successfully be substituæd by coconut extract and

quail egg yolk. These workers observed a significantly better motility in ra¡n

spermatozoa diluted with the coconut exüact and quail yolk diluent (CQEY, 43.3Vo) aftet

storage at 30oC for 48 h than in the sperrnatozoa diluted with a hen-egg yolk-citrate-

glucose (HYCG, 3.OVo) or a quail egg yolk-citrate-glucose (QYCG,3.2Vo). Better

motility of spermatozoa was also observed for semen stored at 5oC for l0 days in the
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CeEy (7l.57o) than HYCG (12.97o) or QYCG (l3.8%o). In subsequent studies,

Chairussyuhur ¿r at. Q99Ðreported that the CQEY was significantly better than HYCG

in maintaining the motility and progressive motility of spermatozoa collected from rams

subjected to scrotal insulation and stored at 5oC for 7 days. Since no difference in the

motility of sperm diluted with QYCG or HYCG after storage at 30"C or 5"C was

observed, it is possible that the betær maintainance of motility observed during storage in

the CQEY may þe due to the presence of CAT in the diluent. Mcleod (1943) found that

loss of motility of human spennatozoa which appeared at 38oC in high oxygen tensions

was prevented by the addition of either haemoglobin or of CAT. Tosic (1947)

demonstrated that the presence of CAT eliminated the effects of the exceptionally low

capacity of spermatozoa for decomposing hydrogen peroxide and that its presence even

in very low concentrations has a detrimental effect on the respiratory activity and motility

of spermatozoa. Norman (1961), reported that the addition of 150 units of CAT per ml

of medium effectively protected mammalian spenn against oxygen damage. The

addition of CAT markedly improved the sun¡ival and recovery of motility of bull

spermatozoa stored at or above ambient temperatures in Illini Variable Temperature or in

Cornell University Extender (CUE) (VanDema¡k and Bartlett 1962; Foote 1967). Colas

et al. (1968) reported that the addition of CAT to the CUE was also beneficial to ram

spermatozoa stored at 5oC for up to 15h.

More recently, Stojanov et al. (1994a) reported that the addition of CAT and superoxide

dismutase (SOD) to a tris-glucose-egg yolk diluent significantly improved the fertility tz

viyo of ra¡n semen after storage at 5oC for 7 or 14 days. Further studies by Stdanov er

at. (I994b) demonstrated that the addition of CAT and SOD to a tris buffered diluent can

improve the survival, acrosome integnty and fertilising capacity of ram sPermatozoa

during storage at 5oC for 12 days, and that this effect may be attributed to a decrease in

lipid peroxidation.
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2.2.2 Long-term Preservation

Str¡dies on the exposure of spermatozoa to temperatures below OoC, conducted in the late

1930 s, laid the foundations for the successful cryopr€servation of semen. In 1938

work by Jahnel with human spennatozoa and by Luyet and Hodapp with frog

spermatozoa (cited by Mann \954), demonstrated that spermatozoa were able to resist

exposure to sub-zero temperatures in solid carbon dioxide or dry ice at -79"C to -192'C

in liquid air. Becquerel (1938, cited by Mann 1954) described the ability of

spermatozoa to resist low temperatures and vitrification and to pass into a reversible

condition of complete inactivity, as 'la vie latente'.

Luyet and Hodapp (1938, cited by Mann 1954) reported that at least 207o of frog

spermatozoa survived when cooled in the presence of 4OVo sucrose and exposed to liquid

air. Shafftrer et al. (1942) reported that fowl spermatozoa could be stored for 14 months

at -79"C without significant differences in the percentage of cells that regained motility

between samples thawed immediately after freezing. Bernstein and Petropavlovsþ

(1937, cited by Sala¡non and Maxwell 1995a) successfully used glycerol solution (1M,

9.2Vo) for storage of mammalian (rabbit, guinea pig, bull, ram, boar, stallion) and avian

(fowl and duck) spermatozoa at -21"C. Later Rostand (1946 cited by Salamon and

Ma¡rwell 1995a) reported ttrat 10-20 Vo glycerclin the diluent protected frog sperrratozoa

during cooling to -4 to -6oC. However, the cryoprotective property of glycerol was

brought into prominence by Polge et al. (1949) in their investigation of freezing fowl

semen. These workers found no significant revival of spermatozoa, when semen rilas

diluted with equal parts of Ringer's solution and vitrified at -79 oC for 20 min and rapid

thawing. However, when dilution of semen was carried out with Ringer's solution

containing 4OVo glycercl, the spemratozoa resumed full motility afrer thawing.

Emmens and Blackshaw (1950) reported that in ram spermatozoa deep-freezing in the

presence of glycerol alone resulted in poor revival, but when a pentose sugar was added

to the diluent good revival was observed. Simila¡ results were obtained with bull

spermatozoa, with activity a little inferior to fresh semen, but not much success \ilas
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obtained with the cryopreservation of rabbit spermatozoa. Polge (1951) found that even

though fowl spermatozoa diluted in a glycerol-containing medium recovered their

motility after freezing and thawing, fertility could only be demonstrated after the removal

of glycerol.

Polge and Rowson (1952) reported a technique that preserved the fertilising capacity of

bull sperrratozoa. Sarnples were diluted with an equal amount of yolk buffer at 28" C,

cooled to 5 oC in four hours, and then diluted with an equal aûrount of citrate buffer

containing 20Vo glycerol and allowed to stand overnight at 5oC. Semen was then slowly

cooled to -79"C and stored in sealed ampoules irnmersed in solid carbon dioxide and

atcohol for up to eight days, and thawed immediately before insemination. Conception

rates obtained after insemination with semen stored by this method were as hrgh as797o.

However, this method failed with semen from other species. Ernmens and Blackshaw

(1955) found that the fertility of ram semen frozen na50Vo egg yolk-citrate diluent with

the method described by Polge and Rowson (1952) $'as as low as3%o.

Russian diluents

The inapplicability of bull semen freezing methods fs¡ frsszing of ra¡n semen dirccæd the

attention of Russian workers to the examination of a number of freezing agents and their

combination at different concentrations as diluent components and intensive studies of

spermatozoa afrer different freezing and thawing methods (Maxwell et al. 1988).

Milovanov and co-workers (1988, cited by Mærwell et al. t988) claimed that the addition

of ethylenedia¡nene-tetra-acetic acid (EDTA)-Na-Ca complex to saccha¡ose-antioxidant-

egg yolk-glycerol-antibiotic diluent results in larnbing rates between 2O a¡d 7OVo.

However, Maxwell et aI. (1988) noted that there are disadvantages in the use of the

EDTA complex: the complex is not readily available and its preparation (saturation of

EDTA-Na salt by Ca) may be diffrcult, and that according to their discussions with some

research workers in the former USSR, the high lanrbing rates claimed a¡e unrealistic and

magnified. Some of the antioxidants used by the Milovanov's group a¡e Butoxitoluol,
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2,6 ditrat-butil-1,4 kresol, Santoxin, Echinochrom-A, monoethalomine,

phosphoethalomine and the natural antioxidant c tocopherol. Mærwell et al. (t988)

described other d,iluents used in the forrrer USSR, a saccharose-glucose-EDTA-Na

(salt)-tris-antioxidant-egg yolk-glycerol-antibiotics, the A5-6 which consists of

saccharose-EDTA Na or K salt-K phosphate-cr tocopherol acetate-glycerol-egg yolk and

those developed by Platov, a lactose-egg yolk-gum arabic-tris-citrate-glycerol, used in

combination with lactose-egg yolk as the first-step extender and lactose-egg yolk-tris-

EDTA-dextrine-glycerol in combination with the same medium without glycerol as the

second-step extender.

Dilucnts c ontainin g milk

First ef at. (1957) showed that frozen ram semen diluted with milk, 1Vo glycetol and

L.25Vo arabinose resulted in a l77o lambing. Blackshaw (1960), reported that the

survival of spermatozoafrozenin ampoules to -79oC in a milk based diluent containing

7.57o glycerol and l.25Vo fructose $ras comparable to that of spermatozoa frozen in a

egg-yolk-citrate diluent. In subsequent experiments, First et aI. (1961) found that the

addition of egg yolk to a heated homogenised milk diluent did not increase ram sPenn

survival after freezing in plastic ampoules, and that sperm survival appeared to decrease

after freezing as the egg yolk level increased. Jones and Ma¡tin (1965) reported that the

survival of ram spennatozoa frozen in a lactose, sodium chloride and phosphate buffer

containing 3 Vo wlv of a lyophilized preparation of non-dialysable solids from milk was

comparable to that of spermatozoafrozen in skim milk. In later work, Jones (1969a)

reported that spennatozoafrozenin skim milk revived betær than spermatozoa frozen in a

lactose synthetic diluent. Subsequent studies (Jones 1969b), found no difference in

post-thaw motility of spermatozoa when ram semen was frozen in skim ewe or cow milk

heat treated (41.7 vs. 42.57o respectively). Fiser ¿r ø/. (1981) observed higher survival

of ram spermatozoa frozen in hypenonic than in hypo or isotonic skim milk diluents.

They reported higher post-thaw motility of spermatozoa when frozen in diluents

containing l97o (6OO mOsrnlkg; 497o) or 23Vo (750 mOsrn/kg; 53Vo) than in diluents
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containing 7 7o (200 mOsm/kg; l27o) or llVo (320 mOsmlkg; 25Vo) reconstituted skim

milk. They claimed that the fertility of semen frozen in the hlpertonic diluent containing

l97o rcconstituted skim milk u,as comparable to tbat of fresh semen 67.5 vs. 78.97o

respectively. However, fertility was diagnosed by assay of plasma progesterone (P¿) in

blood sarrples, and pregnancy \ras diagnosed if the P4 concentration was > 0.5 ng/ml.

This value is lower than the expected concentration of P¿ (2.O4.O nglml) for pregnant

ewes @obertson 1977).

Sythetic dilucnts

Comprehensive studies on the effect of diluent composition, sugar concentration, egg

yolk contents, dilution rate and method, glycerol concentration, pellet volume, and the

composition of thawing solutions on the survival of ra¡n spermatozoa frozen by the pellet

method, were reported by Salamon and Lightfoot (1969), Lightfoot and Salamon

(1969a, b) and Salamon (1970). Studies conducted by Salamon and Visser (1972),

resulted in the development of a diluent and a method for freezing ram spennatozoa

which is still used nowadays (Evans and Maxwell 1987). Ejaculated semen is diluted

with a tris-glucose extender with glycerol and egg yolk at 30'C and cooled to 5"C in 1.5-

2 hours. This is followed by rapid freezing to -79"C by 'pelleting' on dry ice, after

which the pellets a¡e stored at -196oC in liquid nitrogen. A few years later Salamon and

Visser (L974), reported that ram spermatozoa frozen by this method were able to

maintain their fertilising ability for several years. These workers observed no difference

between the fertility of semen frozen-stored for five years or two weeks. This fertility

was comparable to results obtained with semen stored for three years (Salamon t972).

Salamon (1980, cited by Maxwell 1984) pointed out that the lenglh of storage did not

produce differences in acrosome integrity of ram spermatozoa frozen in the tris-citrate

diluent. He also reported that pellet frozen semen stored for 3, 5,'l or I I years in liquid

nitrogen resulted in similar lambing rates. In a later fertility trial, Salamon et al. (1985)

reported that ram semen could be satisfactorily preserved for a longer period of time,
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they found no difference in the lambing rates after LI with frozen semen stored for 16

years compa¡ed with that of fr,esh-diluted semen (61.6 vs. 66.77o).

Similar results were reported by Colas et al. (1982). they found no differences in the

fertility or prolificacy of ewes after insemination with semen frozen in straws and stored

for less than 18 months (58.8 and 1887o) or seven to eight years (59.4 and l74%o)

respectively. Thawed semen was diluted with an albumin senrm and glucose extender,

cenüifuged for 20 min at 400 g. Sperm were rediluted with a skim milk diluent with

antibiotics and sulphamides, repacked in straws and stored at 15"C until semen rvas

required for insemination.

Motility and viability of ram spermatozoa a¡e not suffrciently well preserved during

freezing and thawing to ensure the passage through the female reproductive tract of

enough sperm to ensure fertilisation @vans 1988; Watson 1990b). Recently, several

researchers have focused their efforts towa¡ds the development of more suitable freezing

diluent agents and freezing methods to improve the integrity and fertility of ram

spennatozoa.

Diluents containing f vera

Rodriguez et al. (1988) reported a diluent for freezing of ram spermatozoa based on A.

vera. The diluent contained sodium citrate, reconstih¡ted A. vera gel, egg yolk, fructose

and sulphanilamide. Glycerol was added for freezing. A post-thaw motility (PTM) of

50Vo was observed for semen frozen in this diluent. The fertilising capacity of

spematozoa after LI was not significantly different after freezing i¡the A. vera diluent

(68.57o) when compared with a tris-citraæ diluent (62.27o). After CI, fertility was low

for semen frozen either in the A. vera (l2.3%o) or the tris-citrate diluent (ll.I7o). Even

though laboratory trials with the A. vera dihtent indicated that it was suitable for the

dilution and storage of bull and ram spermatozoa, the low fertility rates reported by

Rodriguez et aI. (1988) indicaæd that further resea¡ch is needed to determine whether the

A. vera diluent is an alternative freezing diluent for ram semen used in AI.
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Zw itt e rion buffe re d dilu ent s

After Davis et al. (1963) reported that a tris ((Tris-hydroxy methyl)aminomethane)

diluent with egg yolk and glycerol maintained bull spermatozoa at 5 or -85"C better than

egg yolk-citrate-glycerol diluent, tris has been used as a comPonent of buffer diluents for

the preservation of ram spermatozoa (Lapwood and Martin t972; Salamon and Visser

1972). However, Good et at. (1966) poinæd out that tris has a poor buffering capacity

below pH 7.5 and that zwitterion buffers have pKa values closer to the optimal freezing

pH 7.0. These workers indicated that some zwitterion compounds (mes, 2'(N-

morpholino)ethanesulphonic acid; hepes, (N-2-hydroxy-ethylpiperazine-N'-2-ethane

sulphonic acid) and tes (N-tris(hydroxymethyl)methyl-2-aminoethane sulphonic acid),

provided a better buffering capacity and higher protein synthesis rates than tris. Mes,

hepes and tes have been used in diluents for the cryopreservation of bull (Gratrarn er al.

L972, Ga¡cia and Graham 1987; Kolossa and Seibert 1990), ram (Fiser et aI. 1982;

Abdelhakerm et a/. 1988,1991a; rùVatson 1990b; Molinia and Evans 1991; Molinia er ¿1.

1992; Graham 1994), boar (Crabo et al. 1972), buck (Tuli and Holtz 1992; Dunner

1993) and human semen (Obando and Lucena 1981; Mahadevan and Trounson 1983;

Weidel and Prins 1987).

Fiser ¿r at. (1982) studied the effect of hlpertonic and isotonic extenders containing Tes

and dextran sugar combinations on the survival or ram spermatozoa frozen in straws

imnrediately after thawing and after incubation at 39"C for lh. No significant difference

in PTM of spermatozoafrozen in hypertonic (41.67o) or isotonic (43.8Vo) diluents was

observed, but PTM was significantly higher after incubation for semen frozen in

hypertonic (34.8Vo) than in isotonic (26.5Vo) diluents. Even though these diluents may

be suitable for ram semen, no data on the fertilising capacity of spermatozoa frozen in

such diluents is available.

Hepes based buffers improve the survival of human (Mahadevan and Trounson 1983),

and bovine (Kolossa and Seibert 1990) spermatozoa after freezing and thawing. More

recently'Watson (1990b), Molinia and Evans (1991) and Moliniaet al. (1992) reported
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the suitability of zwitterion buffers for the cryopreservation of ram sPermatozoa in

pellets.

Molinia and Evans (1991) compared the effect of hepes, tes and pipes (piperazine-/V-N'-

bis (2-ethane sulphonic acid) with tris-based diluents on PTM and acrosome integrity.

The zwitterion diluents were isosmotic (360 mosmol) and contained 1.5 Vo (v/v) glucose,

9Vo (vtv) egg yolk and6Vo (v/v) glycerol and were titrated to pH 7.0 with lM NaOH or

lM tris. Freezing ram spermatozoa in the zwitterionic diluents resulted in a higher PTM

(47.9-50.6 vs. 44.47o) and better acrosome integrity (46.04847o vs. 43.7Vo ) when

compared with the tris diluent. Molinia et aL (1992) sn¡died the effect of egg yolk

concentration (0, 9, 13.5, or lSVo v/v) and centrifugation (10,000 g for l0 min.)'

dilution rate (3, 6, 9, 18 and 36-fold) and freezing method (pellets, straws and

minitubes) of zwitterion diluents on the PTM and acrosome integrity of frozen ram

spermatozoa. Semen was diluted with zwitterion buffers (hepes, tes and pipes) or with

a tris-citrate diluent. They reported that the optimum egg yolk concentration for the

zwitterion diluents was l3.5Vo (v/v) and that centrifugation of the zwitterionic diluents

prior to the addition of glycerol and glucose significantly improved both PTM (48.9 vs.

43.6Vo) and acrosome integrity (48.9 vs. 43.6Vo). The PTM of spermatozoa frozen in

zwitterion diluents was significantly higher at all dilution rates (55.7 vs. 44.87o), but at

dilution rates greater than 3-fold, the acrosome integrity of spermatozoa ttozen in tris

was better (55.1 vs. 47.07o).

The improvement of PTM of ram spennatozoa frozen in Hepes buffered diluents

reported by Molinia and Evans (1991) and Molinia et al. (1992) has not been reflected in

significant improvements in fertility in ewes after laparoscopic, cervical or transcervical

insemination compared with tris based diluents (Sá¡rchez-Partida et al. 1992,1994).

The significant improvement of PTM and the slight improvement in fertility of

spermatozoa frozen in zwitterion diluents indicate that additional research is required to

reduce the variability of the integrity of the acrosome of ram semen frozen in these

diluents. Moreover, the fertilising capacity of semen frozen in pipes and mes should be

considered.
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Absence of glycerol in diluents

Glycerol has been used in diluents for the cryopreservation of semen since Bernstein and

petropavlovsþ (1937) discovered its cryoprotective action. However, it has been

reported that glycerol may impair the fertilising capacity of sperm, may accelerate the

reaction of the acrosome, may be toxic to cells and could actually play a direct role in

producing cryolnjury (Polge 1951;'Watson and Ma¡tin 1975b; Fatry 1986; Slavík 1987;

Abdelhake am et at. l99lb). Since glycerol may be toxic to frozen-thawed ram

spermatozoa and may reduce their fertilising capacity, several researchers have

considered the utilisation of alternative cryopreservation methods and of alternative

cryoprotective agents.

Abdelhakermetal. (1988,1991a) developed a new method for freezing ram semen in the

absence of glycerol. Immediately after collection, semen is cooled slowly (within 2 h),

then diluted with a tes buffer containing lÙVo g\lcose and líVo eggyolk, held for three

hours at 5"C and frozen either in 100 pl pellea on dry ice or in 250 pl straws, held at 5 to

7 cm above liquid nitrogen for 10 min and then stored at -196oC. PTM of semen frozen

with this "cold" method was repofed to be in the range of 24.3 to 46.67o (Abdelhakeam

et at. l99ta). depending on the length of incubation at 5"C prior to dilution and the time

kept at that temperature before freezing. Abdelhakermet al. (l99tb) suggested that by

holding semen at 5"C before dilution, seminal plasma constituents a¡e allowed to bind to

the sperm membranes, providing protection to the sperm cell against cold shock in the

freezing process. In a fertility trial (Abdelhakearn et al. 1988), 46 ewes were

inseminated with semen frozen in the absence of glycerol by this method and a larnbing

rate of 52Vo after double CI was obtained. However, these workers inseminated with

large amounts of thawed semen (0.5 or 1.0 ml) for insemination and no control group

was included in the study. Even though a better PTM of ram semen frozen in the

absence of glycerol (Abdelhakearn et ø/. 1988, I99ta, b) was obtained, furtl¡er fertility

trials comparing the fertility of semen frozen by the "cold" method and traditional

methods and a reduction on the volume of semen are required if the technique is to be

adopæd commercially.
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Molinia et al. (L994a) studied the effect of glycerol and other membrane cryoprotectants

(dimethyl sulphoxide (DMSO), ethylene glycol, and propanediol) alone and in

combination with each other in tris-citraæ-glucose diluents on the post-thaw motility and

acrosome integnty of pellet-frozen semen. These workers reported that in the absence

of a cryoprotective agent, the post-thaw motility and the acrosome integrity were low.

Even though ethylene glycol and propanediol (1.57o to 6.0Vo, v/v) alone were observed

to be cryoprotective, the combinations with glycerol above 37o had a detrimental effect

on motility. Furthermore, no combination of ethylene glycol, glycerol or propanediol

was superior to glycerol alone in tris-citrate-glucose diluents. Althougb DMSO is

reported to be a very rapid membrane penetrant and has been shown to afford protection

to the ram sperm membrane, poor survival of ram spermatozoa frozen in diluents

containing DMSO was obtained.

Nagase and Tomizuka (1968) reported that the addition of polyhydric alcohols or polyols

like er¡hritol, xylitol, sorbitol, inositol or ethylene glycot (which a¡e similar to glycerol)

to synthetic diluents protected bovine sperûratozoa from f¡sszing injury. More recently,

Molinia et aI. (1994b) reported the cryoprotective activity of polyols for ram

sperrratozoa. They studied the concentration effects of low molecular weight polyols

(LlvfWP) adonitol and xylitol, and of the high molecular weight polyols (HMWP)

inositol, mannitol and sorbitol in the absence and presence of glycerol on the PTM and

acrosome integrity of ram spermatozoa frozen in pellets. In the absence of glycerol, the

addition of LMWP or HMWP resulted in a better PTM, indicating that polyols were

cryoprotective. However in the presence of glycerol, PTM was significantly reduced.

When adonitol was present in the diluent an additive effect was observed at low levels of

glycerol (l.SVo) indicating a combined cryoprotective effect, but at higher concentrations

the incorporation of this polyol reduced PTM and the acrosome integrity of spermatozoa.

-Since the cryoprotective action of polyols was low, they were combined with tris in

isotonic diluents in the presence of glycerol (tris:polyol; 360:0, 300:55, 24O:llO,

180:165 and 120:200 ) to determine whether they were suitable diluent comPonents.

The PTM of spermatozoafroznnin diluents containing inositol at all levels was similar to
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the control diluent (4L.8Vo vs. 43%o),indicating that inositol could substitute for tris as a

diluent component but not as a cryoprotectant. However, the other polyols were

de6imental to PTM and acrosome integrity. The cryoprotective action of polyols for

ram spermatozoa was not comparable to that of glycerol alone. Molinia et al. (1994b)

suggested that the detrimental effects of polyols alone or in combination with glycerol in

diluents may be related to excess tonicity and/or toxic effects of the cryoprotectants on

ram spennatozoa.

The sugars included in diluents for the cryopreservation of semen can act as an energy

substrate, cryoprotectants or to maintain osmolality. Molinia et al. (199k) studied the

effect of high concentrations (30 mM -210 mM) of glucose, sucrose or trehalose in tris

based diluents with or without glycerol on the PTM, acrosome integnty and fertility of

pellet-frozen ram sperrnatozoa. They found that high sugar concentrations could be

used in d.iluents without any detrimental effects on the post-thaw characteristics of

spetm, regardless of the type of sugar, but only when the diluent osmolality was 330

mosmol. In diluents without glycerol, a better PTM was observed on sPennatozoa

frozen in the presence of sucrose (29.8Vo) or trehalose (25.37o) than in glucose (16.97o).

In diluents wlth2.5Vo or S.OVo (v/v) glycerol, the type of sugar did not have an effect on

PTM of semen frozen, The presence of glycerol in the freezing media improved the

post-thaw recovery of spermatozoa. Even though increased concentrations of sugar

relative to tris in isotonic diluents did not affect the post-thaw characteristics of

spermatozoa, no improvement on PIM, acrosome integrity or fertility afterboth cervical

or laparoscopic insemination was observed with semen frozen in these diluents.

2.2.2.1 Storage and Packaging Methods

Even though frozen semen could be successfully stored in dry ice and alcohol

consideration was given to altemative methods. Sn¡dies by Pickefret al. (1960,1961)'

provided sufFrcient evidence for the utilisation of liquid nitrogen as an altemative method

for the storage of frozen semen. These workers observed that the percentage of

progressive motility of bovine spermatozoa rvas maintained at higher levels in samples
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stored in liquid nitrogen (-196'C), than split-samples stored in dry ice with alcohol

(-7g"C). Picketter at. (1959,1960) reporæd higher non return to oestn¡s rates with frozen

semen storcd in tiquid nitrogen when compared with semen stored in dry ice and alcohol.

New packaging methods for the freezing of spennatozoa $,ere reported in 1964.

Nagase and Niwa (cited by Salamon 1968), reported satisfactory revival of bovine

spernatozoa after 'pelleting' bovine semen on solid ca¡bon dioxide, and in subsequent

fertility trials, Nagase et at. (1964, cited by Salamon 1968) obtained conception rates

comparable to those using conventional freezing techniques.

Another packaging method for semen, was reported at the same time by Cassou and

Jondet (lgæ,cited by Watson 1990a), using plastic straws containing semen frozen in

the vapour phase over the surface of liquid nitrogen. The development of these methods

resulted not just in a more convenient method for the storing of semen but also allowed

semen to be frozen more rapidly and more conveniently. Further, these new methods

stimulated attempts to improve the viability and fertility of frozen semen of species where

the ampoule method tvas not successful. Studies to assess the suitability of these new

packaging methods for ram sperrnatozoa urere conducted by Platov et al. (1965,1966,

cited by Salamon 1969), Salamon (1967,1968, 1970), Salamon and Lightfoot (1969)'

and LighÉoot and Sala¡rron (1969a, b).

Salamon (1967), reported that ram semen frozen by the arrpoule, pellet and straw

methods resulted in satisfactory recovery rates at thawing, but in poor larnbing results

(4.4 to 8.97o). In subsequent studies, Salamon (1968) found no significant differences

in revival rates after 'pelleting' diluted semen on dry ice or ftreezing in ampoules at a slow

rate. However, both methods were superior to freezing in plastic straws. He also

reported that glycerol gave better protection to ram spermatozoa than ethylene glycol

and/or di¡nethyþulphoxide.

Several years later, Colas (1975) developed a two step procedure for the freezing of

semen in straws that maintained both the viability and fenilising capacity of sperm.

Fresh semen was diluted at 30oC with a 20Vo eggyolk and 807o lactose solution and after
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cooling to 4oC, a diluent containing sþi6 milk (425 mOsm), enriched with antibiotics

and sulphamides with a pH of 6.7 and lÙVo g)ycercl (v/v) was added, resulting in a final

concenüation of 4Vo glycercl. After equilibration (2 h), the glycerolated semen was

packaged in 0.45 ml plastic straws which \ilere suspended for 8 min at different

temperatt¡es (-55"C, -75"C,-90"C , -l05oC, -125"C) in the vapour above liquid nitrogen

and then plunged into the liquid nitrogen for storage. Colas (1975), reported a

significant improvement in both post-thaw survival of spermatozoa and in fertility after

AI with semen frozen with this method. A conception rate of 73.57o was observed in

ewes subjected to oestrus synchronisation and double CI with semen frozen in plastic

straws and stored for no more than two months. No significant difference in fertility

was observed in ewes subjected to double CI at natural oestrus with fresh (7L.37o) or

frozen (68.3Vo) semen. However, subsequent trials conducted by Colas (1979) with

ram semen frozen in plastic straws resulted in lower conception rates in ewes after single

or double insemination with 800 x 106 spermatozoa during the non-breeding (42 vs.

39Vo) and the breeding (61 vs. 567o) seasons. Langford et al. (1979) also reported low

larnbing rates with semen froz,enin plastic straws. Fertility was higher after double CI

with fresh semen (78Vo) than with frozen semen (43Vo).

Although the packaging of semen in plastic straws is convenient for handling and storage

of frozen samples, the conception rates reported, with ram semen frozen in straws, by

Colas (1979) and Langford et aI. (1979) a¡e not as good as those reported by Pickett and

Berndtson (1974) for bovine semen frozen in straws. More recently, Ali and Tischner

(1988) reported a better progressive post-thaw motility of ra¡n spermatozoa frozen in

aluminium packs (377o44%o) compared to spemi frozen in ampoules (VlVo), and claimed

a TOVo conception rate in a small group of ewes inseminated with sperrn frozen in

aluminium packs, using a modified pipette for insemination.

Landers et aI. (1992) compared the survival of ram semen frozen in pellets, PVC straws

(0.25 and 0.5 ml) and minitubes (0.25 ml). Even though survival of semen frozen in

minitubes was comparable to that of semen frozen in straws, survival of semen frozen in

these packages was inferior to that observed for semen frozen in pellets. Similar rePorts
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\r'ere given by Molinia et aI. (1992). These workers found a sig¡rificantly betær PTM of

ram semen frozen in pellets (5I.27o) than in minitubes (41.77o) or plastic straws

(29.2Vo).Even though PTM was higher for spermatozoafrozen in zwitterion diluents

(41.2 vs. 37.7Vo), a higher proportion of intact acrosomes was observed for

spermatozoa frozen in tris (50.6Vo) than zwitterion buffered diluents (4O.5Vo).

The development of novel diluents and/or freezing methods for the preservation of ra¡n

semen during the last 30 years, has resulted in a consistent improvement in the survival

and/or integrity of ra¡n spermatozoa stored at 5oC or'196oC. However, a siguificant

improvement on the fertility of stored semen has only been obtained with semen stored at

5"C for up to 14 days in a diluent containing CAT and SOD both in viffo and in vivo

(Stojanov et al. !994a,b). Another CAT containing diluent with QYCG and CQEY has

been successful in preserving the ¡z virro motility of spemratozoa from normal rams and

from rams subjected to scrotal insulation (Chairussyuhur ¿r al. 1993,1994), but no data

on the fertility of semen stored in this diluent is available. Even though some researchers

have claimed significant improvements in the fertility of ram semen frozen in their

diluents or with their techniques, the fertility results reported were obtained in

experiments with a reduced number of ewes, in the absence of a control grouP @iser et

aI. 1982; Ali and Tischner 1988; Abdelhakeam 1988, l99la) or in some instances (as

noted by Maxwell et al. 1988; Salamon and Maxwell 1995a), the results may be

unrealistic. The slight but not significant improvement in the fertility of ran semen frozen

in zwitterionic buffered diluent reported after LI (Sánchez-Pa¡tida et aI: 1992, 1994),

indicates that more research towards the development of diluents and cryopreservation

techniques for ram semen are required. Furthermore, the utilisation of frozen ram

semen by cornnercial producers not only depends on an increase in its fertility, but also

upon the simplification of freezing, thawing and insemination procedures. To improve

cryopreservation protocols, a more fundamental understanding of the biophysical and

biochemical processes that accompany spenn freezing and thawing is required (Watson

and Morris 1987; Watson 1990a, b; Ha¡nmerstedt ¿t al. l99O).



38

2.3 Cryopreservation

In order to extend the life-span of spermatozoa beyond a few days, the æmperature of

storage must be reduced from 5"C to -196"C. This, however, introduces the additional

stresses of freezing and thawing to ejaculated sperrratozoa "destined" for deposition in

the female tract and fertilisation of the egg upon ovulation (V/atson 1990a, b;

Hammerstedt et aI. 1990). Although freezing is frequently lethal to many living

systems, it can preserve subcellular constituents and the details of cell ultrastructure, but

can also disrupt cells and organelles. Furtherrnore, it can slow or stop some

biochemical reactions, and accelerate others (Mazur 1970). Contrary to the usual

impression, the challenge to cells during freezing is not their ability to endure storage at

very low temperatures but the lethality of an intennediate zone of temperature (-15"C to

-60"C) which a cell must transverse twice, once during cooling and once during warming

(Mazur 1977,1984).

Luyet and Gehenio (1940, cited by Mann 1954) noted that spermatozo are remarkably

¡esistant to low temperatures and on vitrification pass into a reversible condition of

complete inactivity and quiescence. They proposed that spermatozoa manage to survive

at low temperatures if cooling is effected so as to by-pass the crystallisation zone, by

carrying the cells straight into the range of subfreezing temperatures known as the

vitrification zone, where they assume the non-crystalline or vitreous state. Becquerel

(1939, cited by Mann t954), considered that the principal danger of this process is the

damage to cellular structure which occurs in the heezrngzone, caused by the separation

of water electrolytes from the colloidal particle. This damage caû be substantially

reduced if freezing is ca¡ried out in the presence of protective agents.

Mazru (1977,1984), noted that most implications and applications of freezing to biology

arise from the effective "stoppage of time" at -196"C. However, if cells are to be put in

suspended animation, they must survive both the initial freezing to -196oC and the

subsequent return to ambient temperatures. Mazur (1984) considered that part of the

past difficulty in understanding freezing injury has been the tendency to consider it a
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single event. But from the time cells face the first extracellular ice to the time they are

returned to physiological media, they encounter a sequence of physical-chemical

phenomen4 any one of which is potentially lethal. The survival of spennatozoa during

freeze-thawing requires that all these potentially lethal events be avoided or nullified.

2.3.1 Events During Cooling and Freezing

Mazur (1970) indicated that when cells are subjected to subzero temperatures, they

initially supercool. The way in which they regain equilibrium depends mainly on the

rate at which they are cooled and on their permeability to water. If they are slowly

cooled or if their permeability to water is high, they will equilibrate by the transfer of

intracellular rvater to external ice (dehydration). If they are cooled rapidly and their

perrreability to water is low, they may equilibrate, at least in part, by intracellular

freezing. Rapid cooling not only produces intracellula¡ crystals, it also produces small

crystals, which are likely to enlarge during warming and cause cell death. In his cooling

phase theory, Mazur (1977) proposed that when the cells are cooled down to -5"C, they

and their surrounding medium remain unfrozen because of supercooling and because of

the depression of the freezing point by the protective solutes (Fig. 2.3.1.1).
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Fig. 2.3.1.1 Schematic representation of physical events in cells duing freezing (Mazur 1977).

Between -5"C and -15"C, ice forms in the extenral medium, but the cell contents remains

unfrozen and sulrrcooled, presumably due to the plasma membrane blocking the growth

of ice crystals into the cytoplasm. The supercooled water in the cells has a higher

chemical potential than the water in the partly frozen solution outside the cell, and in
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response to the difference in potential water flows out of the cell and freezes externally.

If cooling is sufficiently slow, the cell is able to lose $'ater rapidly by exosmosis. This

concenEates the intracellula¡ solutes sufficiently to eliminate supercooling and maintains

the chemical potential of intracellular water in equilibrium with that of extracellular water,

¡çsulring in dehydration of the cell and no intracellular freezing. If, however, the cell is

cooled too rapidly, it is not able to lose water fast enough to maintain equilibrium; and

therefore becomes increasingly supercooled and eventually attains equilibrium by

freezing extracellularly. Regardless of the manner cells regain equilibrium, freezing

exposes them to loss of liquid water (dehydration) and to an increase in the concentration

of intra- and extra cellular solutes (Mazur 1984).

Farrant (1930) described the events of freezing as follows: as the temperature falls below

the freezing point of the extacellular medium, ice formation occurs. Pure water

crystallises out of solution leaving solutes in the remaining liquid. water at a higher

concentration. The cell membrane prevents the extension of ice crystals into the cell

interior and thus tlw intracellular contents become supercooled. A dffirence in chemical

potmtiøl of water is thus established between the interior and exterior of thc cell, creating

a tendenq for water to move out of the cell down the osmotic gradient. If the cooling

rate is sufiiciently slow, water will leave the ceII which will beco¡ne progressively

dehydrated. But if the cooling rate is too high, water connot move out of the cell rapidly

enough and tlvre is an increase in thc dcgree of supercooling unrtl eventually intracellular

freezing occurs, re storin g the equilíbrium (Fig. 2.3.L.2).
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Fig. 2.3.1.2 Events occurring during fast or slow cooling of a cell. Shrinkage correlates with
prãservation. Extracellula¡ freizing resuls in a loss of water'from cells during slow freezing which is

ãonelated with survival on thawing. Rapid cooled cells do not have time to shrink, and form inEacellular
ice; they a¡e dead on thawing (Farrant 1980).
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Mazu (1977) sutûnarised findings by several researchers who reported that a variety of

cells (bull sperrn, chick skin ¿¡¿ plant parenchyma) would survive rapid freezing to

-70.C or below if the rapid freezing $ras carried out in two steps, separated by a brief

holding period at an intermediate temperature. Fa¡rant et al. (1977) and Farrant (1980)

pointed out that the utilisation of a two-stop cooling procedure could protect the cells

from freezing injury by 'pre-freez.ing' , i.e. cells frozen to a subzero temperature of -20"C

for a short period can survive subsequent rapid freezing to storage temperatures. The

extracellular frsszing during the 'pre-freez.ing' stage appears to provide sufÍrciently high

solute concentrations to shrink the cells to avoid or reduce intracellular ice formation on

subsequent cooling (Fig. 2.3.1.3). However, this method requires that the cell

membrane act as a ba¡rier for ice crystals, thus allowing shrinkage to take place and that

the high concentrations around the cells are not themselves inducing injury at the

prefreezing temperature (Farrant 1980).
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Fig. 2.3.1.3 Principle of two-step freezing method. Cells held for a time at a temPeratu¡e above that
where intracellular ice forms can shrink in response to the conditions produced by the extracellular
freezing. The cells can then be cooled rapidly to a very low temperature and survive thawing. (Farrant

1e80).

The principles of the events occurring during cooling and freezing of cells posnrlated by

Mazur (1970, 1984), Farrant et al. (1977) and Fanant (1980) were adopted by Amann

and Pickett (1937) and Hammerstedt et aI. (199O) to describe the events that occur during

cooling, freezing and thawing of mammalian spemiatozoa.

Amann and Pickett (1987) described the events occurring during cooling and fr,eezing of

equine spermatozoa; when a sperrnatozoal suspension is cooled below 0"C, extracellular

ice crystals start to form, resulting in an increase in the concentration of salts in the
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extracellular ftuid. Initially, water within spernutozoa does not freeze, but is cooled

below the freezing point (Fig. 2.3.1.a). lVater moves from inside the spermatozoato

the extracellular environment and spennatozoa become progtessively dehydrated. If

water cannot leave the spermatozoa rapidly, intracellula¡ ice formation occurs.

Intracellular ice crystals probably danage a spennatozoon, whereas exnacellular ice

probably causes no irreversible damage. If cooling rate is too slow, the high

concentration of intracellular salts from dehydration may damage the sperrratozoa. If the

cooling rate is too rapid, intracellular ice may form. Therefore if the cooling rate

(freezing process) is rapid, the warming rate (thawing process) also should be rapid.

Alternatively, if the cooling rate is slow the warming fate must be slow.
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Fig. 2.3.1.4 Schematic representation of physical changes in equine spennatozoa, and _surrounding
exiender during freezing. 

- 
The large and imall stars represent crystal or microcrystals of ice and the

extent of movement of waær or cryoprotectant is depicted bye heavy or light a¡ro$rs (Amarin and Pickett,

1987).

The optimurn coolingrate for cells is reportedto vary ben*,een cell-qpes from less than

1 to 2000oC-3000'Cymin. However, it may be alæred by the presence of cryoprotective

agents and most cell-types will not survive freezing in the absence of a cryoprotectant

(Meryman 1966;Mazur L97O,I9U; Mazur et al. 1970;'lVatson 1990a). Studies on the

cryopreservation of ram spetmatozoa suggest that cooling rates faster or slower than

10"C and 100"C/min result in lower survival (Salamon t97O; Colas 1975;Fiset et al.

1984 cited byFiser et aI. 1986). Recently Duncan and Watson(1992) indicated that in

the presence of 0.5 M glycerol, the optimum linea¡ cooling rate for ram spematozoa is

approximately 50oC - 60"C7min.

i
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Five distinct processing steps can be recognised during the freezing of cells

(Hammerstedt et at. 1990):1. the extension and cooling, which takes the cell through a

temperatt¡e change that is known to alter the physical properties of a cell membrane; 2.

the addition of a penetrating cryoprot€ctant and packaging which demand a large volume

change and rapid recovery; 3. freezing which further alters the membrane stn¡cture and

volume over a short period of time; 4. storage representing dormancy; and 5. thawing

and insemination. Hammerstedt et al. (1990) adapted the description of the cooling and

freezing steps for embryos by Schneider (1986, cited by Hammerstedt et aI. t99O) to

bovine spenn to illustrate the relationships benveen time and temperature with a special

emphasis on both the dynamic state of the membrane and the short time period over

which the spenn are expected to respond to changes in their environment (Fig. 2.3.L.5).

The first volume adjustment of the process cycle occurs in response to addition of a

cryoprotectant to cells in isotonic media. Its components are an initial fast shrinkage

stage associated with osmotically driven egress of intracellular water, followed by a

slower return to the original volume as the penetrating cryoprotectant enters. The

second volume adjustrrent occurs when the extracellula¡.water freezes. It reflects the

outward movement of water in response to high concentrations of extracellular water.

Thawing yields analogous but opposite volume changes.

40

-80

- 190

t.4

246310
Time (hours)

Fig.2.3.1.5 Changes in temperature and cell volume associated with a cryoprocessing cycle for bull
spenn. A time-event profile associated with a successful (but perhaps not optimum) cryopreservation of
bovine sperm. The change in temperature is ploned in the top panel and change in cell volume plotæd
in the bottom panel (Hanmersædt et aL L99O).
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Hammerstedt et aL (1976) using electron spin resonance spectroscopy described the

effects of osmotic stress on sperm. They observed that ram spenn have a cell volume of

35p3, of which 40Vo is osmotically active, indicating that the cell volume before glycerol

permeation could be about 60Vo of its isotonic value. As glycerol enters, the cell will

refim to its original volume and further volume adjustuents of even gleater magnitude

do occ¡r as the cells are exposed to hypertonic conditions during freezing because the

solute concentrations will approach 3-5 mOsm. This condition is reversed upon

thawing and the sperm should return to an isotonic volume. A major change will occtu

when spenn equilibrated with glycerol are transferred from the glycerol containing

extender (1300 mOsm) to the reproductive tract (30fhnOsm). A 4-fold expansion of

osmotically active intemal water will occru as lvater enters the cell more rapidly than the

glycerol can exit through the membrane and this means that the ram sperm must expand

to 8l pm2 a (2-fold overall increase in volume) before renuning to its original isosmotic

volume. Furthermore, Harrmerstedt et al. (L990) pointed out that damage to the sperm

cell during freeze-thaw can be induced in one processing step but might not be

necessarily expressed until the cell has undergone firfihert¡eatrrent.

2.3.2 Mechanisms of Damage

Cooling velocity affects the physical-chemical events in cells during freezing and also

affects cells survival. Milovanov (1934 cited by Chang and V/alton 1940) found that

sudden cooling or cold shock had a deleterious effect on mammalian spermatozoa. Later

various resea¡chers reported that sudden cooling of ram and bovine spermatozoa from

body temperature to temperatures above fr,eezing promotes several biochemical changes:

irreversible reduction in their respiratory activity (Chang and Walton 1940), their motility

(Blackshaw 1954; Quinn et al. t968a;'Watson 1979), their carbohydrate metabolism

(Choong and V/ales 1962), release of intracellular enzymes (Harrison and White 1972;

Moore et aI. t976), release of lipids @lackshaw and Salisbury L957; Hartree and Mann

1959; Pickett and Komarek 1967; Quinn and White 1967; Da¡in-Bennett et al. t973),

accumulation of calcium (Plummer et al. 1985) and alterations in cation distribution
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@lackshaw and Salisbury 1957; Quinn and lVhite L966; Pursel et al. l969iHood et al.

1970). These changes are accompanied by morphological changes, evident particularly

in the acrosome (Watson 1981a) and possibly associated with thermotropic phase

transitions in sperm membrane lipids (WaSon 198la; V/atson and Morris 1987).

As previously mentioned, the small ice crystals fonned in cells as a result of rapid

cooling are likely to grow by recrystallisation during warming, especially if warming is

slow. Mazur (1966) indicated that small ice crystals a¡e thennodynamically unstable

compared with larger ice crystals and melt at lower temperatures. Therefore, a tendency

exists during warming for small crystals to aggregate to form larger crystals

(recrystallisation). Recrystallisation has been highly cor¡elated with cell death in higher

plants (Sakai and Otsuka 1967) and in hamster tissue-culture cells and lung fibroblasts

(Mazur 1972;Fa¡rant et at. 1977). Mazur (1966) noted that the cells that sunive rapid

warming, but fail to survive slow warming, a¡e killed by events during warming and not

by the initial formation of ice during cooling. On the other hand, the cells that succumb

even with rapid warming may have been killed by the forrration of internal ice per se.

The lethal events operating during slow warming must, however, be intimately

connected with the presence of ice crystals since slow warming is injurious only when

the cells are cooled rapidly enough to contain internal ice. However, if warming is

carried out extremely rapidly, there is no time for recrystallisation, and the crystals

remain small and imperfect until they finally melt without having grown to lethal

proportion. Mazur (1965) pointed out that by cooling cells at less than optimum rates

the loss of viability was probably due to effects which he called "solution effects". They

include: a damaging effect of the rising solute concentration, the changing pH, the

increasing cellular dehydration, the diminishing fluid volume, and the rising

cryoprotective concentration. Watson (l98la) indicated that the membrane lipid

characteristics are important in determining the susceptibility of sPerm cells to cold shock

and that the response of cell membranes to low temperatures per s¿ lvas at least as

important as a consideration of the phenomena associated with ice crystal fonnation for

the successful preservation of frozensperrnatozoa. Furthermore, Quinn et aI. (1968b)
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demonsEated that the temperature interval required to produce cold shock in ra¡¡r sPerm

cells diminished as the initial temperature decreased. 'lVatson (198la) and Watson and

Morris (1987) suggested that, given the importance of the final temperature in causing

cold shock, it was possible that lipid phase transitions were involved; the lower the

cooling temperatures, the greater the proportion of lipids which have undergone a phase

transition. Holt and North (1984) showed that lipid phase transitions in ra¡n sperm

plasma membranes occurred once the cells had been cooled to 5'C. Recently, Drobnis ¿r

al. (1993a) reported the first direct evidence that cold shock damage is associated with

lipid phase transitions in spenn cell membranes.

2.3.3 Solution Effects and Freezing

Hammerstedt (1990) pointed out that a major factor in cryoinjury is osmotic stress.

During freezing, cells a¡e exposed to increasingly hyperosmotic conditions as water

freezes out of solution, and conversely during thawing to decreasingly hyperosmotic

conditions as ice melts. These osmotic changes may occur gradually or rapidly,

depending upon the cooling rate, whether or not ice nucleation is induced and regardless

of the method of adding cryoprotectant. (Mazur 1977; Meryman et al.1977).

One problem in understanding solution effects arises from the fact that they include at

least four discrete events which occur simultaneously during fteezrng: water is removed

as ice, solutes of high and low molecular weight concentrate, cell volume decrease

(Mazur 1970). Lovelock (1953) showed that human erythrocytes, cooled at a rate

slower than optimum, are killed by another class of events. He suggested that the high

concenüation of electrolytes produced by freezing affects membrane lipids and results in

cell leakage. As a result, the cell becomes engorged with cation and undergoes osmotic

shock because of the inflow of water during thawing. Lovelock and Polge (1954)

suggested that the first cause of death of spennatozoa is the increase in the concentration

of ions in their suspending medium to destn¡ctive levels and that the cryoprotective action

of glycerol could be explained in terms of its ability to prevent this increase. Later,

Meryman (1970) suggested that freezing injury in red blood cells and probably in most
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cells is unrelated to aûy absolute concentration of any particular solute, but is instead

related to the removal of a critical proportion of total cell water and the associated

reduction in cell size beyond a critical point.

Solution fficts and sPermatozoa

Fiser ¿r al. (1984) suggested that injury to ran spermatozoa during slow freezing apPears

to be directly related to solution effects rather to intracellular ice formation. Slowly

cooled cells a¡e darnaged by relatively long exposure to a high concentration of solutes,

dehydration, pH changes, and solute precipitation. During thawing, dilution tends to

produce the opposite effects. Thus, it is likely that osmotic shock kills cells which are

slowly frozen, but thawed rapidly. Amann and Pickett (1937) suggested that during

thawing, solute presstre resulting from the passage of intracellular solutes into the

extracellular medium or recrystallisation of microcrystals of ice may occur. These

changes are a consequence of a suboptimal warming raæ and will result in darnage to the

plasma membrane and possibly to the acrosome and mitochondria. \Vhen an optimal

warming rate is used, influx of water rehydrating the spennatozoon balances the solute

pressuf€ and any inüacellular microcrystals of ice melt, rather than fonn large crystals.

'Watson and Duncan (1988) studied the effects of osmotic stress on spennatozoa. They

calculated the molal concent¡ation of NaCl and the unfrozen fraction of $,ater at subzero

temperatures of sperm subjected to slow fueezingrates (loC/min) in va¡ious glycerol-

NaCl-water solutions. These workers found that the motility of spermatozoa was

reduced as the concentration of NaCl increased and the unfrozen fraction of water

correspondingly decreased with temperature. 'When sperm were subjected to sudden

changes in osmolality of the suspending medium by increasing NaCl or sucrose

concentration at room temperature, spennatozoa showed a decreased motility with

increasing osmolality. Since these workers found no improvement in motility when

spemr rilere returned to isosmolar conditions, cell damage appeared to be i¡reversible.

Furthermore, 'Watson and Duncan (1938) found that when spenn were placed in

solutions of increasing hypotonicity, the number of swollen sPermatozoa with looped
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tails increased with increasing hypotonicity. They suggested that a hypotonic stress

followed by a hypertonic sÍess during freezing may account for the profound loss of

motility in their experimenS, while a hypertonic stress may account for the strong effect

of the concentration of NaCl seen at higher values of the unfrozen fraction of water.

Gao et at. (1993) showed that human spermatozoa exhibited a significant Post-h)?ertonic

lysis when returned to isosmotic conditions after exposure to hyperosmotic solutions of

NaCl or sucrose. The higher the hlperosmolality, the more serious the cell injury. The

majority of the cells lost membrane integnty when the osmolality was 2 2000 mOsm, but

if the spenn \ilere not returned to isosmotic condition, the majority of the sPerm in the

hyperosmotic solutions appeared to maintain membrane integnty. They observed that

cell survival was also affected by time of cell exposure to hyperosmotic environments

before cells were returned to the isotonic condition. The shorter the time, the higher the

percentage of cell survival, indicating that cells can tolerate severe shrinkage for a short

time.

2.3.4 Sperm Membranes and Freezing Iqiury

Sperm survival after the freezing and thawing, requires protection from possible damage

to their mitochondria (metabolism and motility), nucleus (storage of DNA), anterior head

(appropriaæ acrosomal activation) and equatorial segmental sr¡rface (for sperm binding to

the egg). The various membranes of the sperm cell are unique aggregates of lipids and

proteins, assembled during epididymal úansit, storage and ejaculation (Scott et al. 1967;

Setchell et al. t969; Hammerstedt et al. 1976; Evans and Setchell t979; Holt 1984;

Hammerstedt and Parks 1987; Voglmayr 1987; Jones 1989; Amann et al. L993).

Hammerstedt et aI. (1990) pointed out that the design of a protocol for the successful

cryopreservation of spermatozoa must begin with an appreciation of native membrane

stn¡cture and then incorporate steps that minimise alterations to those membranes.

Reduced fertility of frozen-thawed spermatozoa is att¡ibuted largely to altered membrane

stn¡cture and function during cooling, freezing and thawing. Even though the nah¡re of
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membrane damage remains unclear, increasing evidence suggests that membranes a¡e

compromised due to reordering of membrane lipids during cooling and rewarming, thus

disnubing the lipid-lipid and lipid-protein associations required for normal membrane

function (Parks and Graham 1992).

While freeze-induced dehydration is the primary stress in freezing injury, the disruotion- 
c"sr.i.*úo, 

"*¿,- \1a^, t1ñ'
of the plasma membrane is the primary cause of freezing injurY¡ The mechanism of

injury depends on the extent of dehydration and includes destabilisation of the plasma

membrane resulting from both the freezelthawed induced osmotic exctusions and from

lyotropic phase transitions in the plasma membrane lipids (Steponkus and Lynch 1989).

Vy'atson and Morris (1987) noted that cellula¡ proteins and membranes are potentially

vulnerable to rapid cooling injury and although the intracellular sites of injury may vary,

the stresses causing damage, protein denaturation, metabolic injgry and damage to the

cytoskeleton are probably interrelated.

In general, membranes are composed of lipids and proteins arranged as a bilayer with the

hydrophilic ends of the lipids externally and the hydrophobic fatty acyl chains internally

Fíe.23.a.D. Phospholipids comprise the major clàss of lipid in all cell membranes,

while glycosphingolipids a¡e found only in the outer leaflet of the bilayer of the plasma

membrane. Cholesterol influences both the stn¡ctural and dynamic organisation of the

membrane (Curtain et at.1988). Proteins probably represent about 50Vo of the weight

of most membranes (Robertson 1933). Membrane proteins are responsible for the wide

variety of enzyme activities which cha¡acterise different membranes. Proteins a¡e

classed as integral or peripheral. The integral proteins are tightly bound to the

membrane, and serve as pores or channels tbrough the membranes, while the peripheral

proteins adhere by electrostatic forces to a particular site on the membrane and a¡e easily

removed (Robertson 1983).
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Crowe and Crowe (1982) showed that phospholipids of biological membranes exist in

bilayers, with membrane proteins held in association with the bilayer, by hydrophobic

forces. They pointed out that, in addition to the bilayer or lamellar phase, pure or mixed

systems of phospholipids may adopt other temperature- and hydration-dependent phases,

the best known of which is the hexagonal tr (Hu) phase. In Hu the phospholipids form

long cylinders with the polar head groups oriented into an aqueous core (Fig. 2.3.4.2).

a

LAI\{ELLARPHASE

HÐ(AGONAL trPHASE

Fig.2.3.4.2 Diagram of the change in orientation of some phospholipids known to occur-at hydration
leiels <ca. 0.25 EH2Otg phospholipid (2OVo HZO).In H¡, the phospholipids forrr cylinders with the

polarhead g¡oups oriented into an aqueous core (Crowe and Crowe 1982).

The cell membrane can be regarded as a complex heterogeneous system whose behavior¡r

is largely determined by the nature and distribution of its constituents, and by the extenral

environment, of which temperature is clearly a par¿tmeter of major importance (Pringle

and Chapman 1981). However, other environmental conditions like Pressure,
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dehydration, or electrol¡e concentration, ¡nay also cause irreversible phase separation of

components within the membrane (Crowe and Crowe 1982; Quinn 1989).

Quinn (1989) pointed out that the arrangement of the components in biological

membranes consists of a complex assorment of lipids and proteins, particularly in regard

to their lateral disposition in the plane of the membrane under physiological conditions.

This is dependent on the phase behavioru of the different membrane lipids, and the way

that this behaviour is modified by interaction with other membrane components and

electrolytes in the aqueous medium. Moreover, irreversible phase separation of

components within the membrane may result from exposure to extreme environmental

conditions, including temperature, pressure, or electrolyte concentration. Most

biochemical processes a¡e chemical or physico-chemical reactions and, as such, they are

influenced by their immediate microenvironment which includes the nature of the solvent

and the operating temperature. Temperature does not only deterrrine the rate of these

processes but also whether or not they occtu at all (Franks l98l).

Quinn (1989) indicated that the effect of cooling on membranes would be the conversion

of lipids tending to form nonbilayer sû:r¡ctures into a bilayer configuration, in which case

those interactions that depend on nonbilayer phase behaviour would be disrupted. Iriitial

cooling above 0"C may üanscend the liquid-crystalline to gel phase transition temperatur€

of some high-melting point lipid. These lipids would tend to phase seParate into gel

phase bilayer domains, which in general have a higher lamellar gel to liquid-crystalline

phase transition temperature than bilayer-forming lipids with equivalent acyl chain

composition. When membranes are rewanned to physiological temperatures, the

nonbilayer lipids will not be constrained to a bilayer configuration by the proteins and

hence will remain phase separated in the forrr of nonlamellar structures. Cooling to

below ice-freezing temperatures introduces factors that affect the phase behaviour.

Firstly, the activity of water is reduced, which, in general causes an increase in the

lamellar gel to liquid-crystalline phase transition temperature, resulting in a considerable

increase in the size of the gel phase domains. Second, zone-refining effects would tend

to increase solute concentrations at the membrane surface, and charge shielding of acidic
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membrane lipids would tend to increase the gel to liquid-crystalline phase transition

temperature of these lipids. This may cause the acidic lipid to phase seParate to the gel

phase domains. Quinn (1989) considered that the effect of acidic lipids of imposing

bilayer configuration on nonbilayer-forming lipids is likely to be an important function of

these lipids.

Based on the principles of membrane stability and phase behaviour under extreme

conditions postulated by Quinn (1989), Hammerstedt et aI. (1990) schematically

represented the possible effects of cooling and rewarming on the distribution of lipids

a¡ound integral membrane proteins (Fig.2.3.4.3). State A represents the membrane at

the time of collection, with the nonbilayer lipids preferentially associated with the integral

membrane proteins (crosshatched blocks). Cooling results in a preferential clustering of

the nonbilayer lipid into a "gel-rich phase" and a resultant formation of a system with

bilayer lipid associated with the proteins (state B). Freezing results in increasing ionic

strength in the external solution and if lipids are sufflrciently mobile, further clustering of

the lipids (state C) occurs. Rewarming yietds a membrane system that may have

alternative lipid parurers for integral membranes (state D). Finally any return to state A

depends on sufficient tipid mobility to allow all membrane proteins to find their

"original" parErers.

Cool to 4', rfzand hold

Add gþerol,rlztrol¿ and freeze

A.

B.

c.

D.

Thaw, warm ûo 3ToC,gremove glycerol

. Lipid favouring a bilayer configuration

. Lipid favouring a nonbilayer configuration
?
?

Fig. 2.3.4.3 Schematic representation of the possible effects of cooling and rewa¡ming on the
disribution of lipids a¡ound integral membrane proteins (Hanrmerstedt et aL 1990).

74

2vr.
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Although the exact mechanism of the phase separation is not known, phase separation is

believed to damage membranes by forming "packaging faults" between lipid domains of

different phases, disrupting membrane permeability (Pringle and Chapman 1981). In

addition, the concentration of lipids that tend to form non-bilayer phases may occur as

well as aggregation of mobile, intrinsic proteins within the remaining liquid crystalline

domains (Pringle and Chapman 1981; Morris and Clarke L987). These damaging

processes which are believed to accompany phase separation, would increase near the

completion of the lipid pha.1e transition, and could continue to exert their effects when all

membrane lipids have stabilised in the gel phase. Phase separation has been observed in

association with lipid phase transition in human, boa¡ and ram spermatozoa (Holt and

North 1986; De Leuw et al. 1990). Since membrane function is determined by the

interactions of the various components, any processing event that alters these interactions

can be expected to alær membrane function.

Even though the various membranes within the spermatozoon may have similar

stn¡cture, they differ bio-chemically. The nucleus is highly condensed and probably

contains relatively little water. Thus, most water within a spemiatozoon probably is in

spaces between adjacent membranes, such as between the plasma membrane and outer

acrosomal membrane, or within stn¡ctures, such as the acrosome and mitochondria

(Amann and Pickett 1987).

It has often been considered that the plasma membrane is the primary site at which

freezing injury in cells is initiated (Morris 1981). Mazur (1970) has speculated that

cryoinjury occurs because recrystallising ice crystals exert sufficient force to rupture

plasma membranes or the membranes of organelles such as mitochondria. The spenn

plasma membrane is a highly complex and polarised stn¡cture of crucial importance for

the functioning of the spermatozoa (Fawcett 1977; Holt 1984; Vy'asserman t987; Amann

et aI. 1993). Mazur et al. (L977) postulated that injury by osmotic dehydration is

basically a physical danage to the plasma membrane. Steponkus and Lynch (1989)

have indicated that the disruption of the plasma membrane is a primary cause of freezing

injury.
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In a freeze-fracture study, Holt and North (1984) found that extensive reorganisation of

the sperm plasma membranes take place as spermatozoa.ate cooled prior to ftreezing, and

that these effects a¡e restricted to particular domains of the cell surface. Their results

also showed that these alterations are not entirely reversible and they proposed that the

irreversible changes within the sperm plasma membrane may contribute to the loss of

motility and fertility suffered by spermatozoaafter cooling and freezing. Later, using a

steady-state fluorescence polarisation technique, Holt and North (1986) showed that

separately detectable lipid phase transitions also occurred at l7oC, 26"C and 36oC in

isolated preparations of ra¡n sperm plasma membrane.

In more recent work, Holt et aI. (1992) using experimental cryomicroscopy and

fluorescein diacetate fluorescence, demonstrated that the freeze-induced darnage in ram

spetmatozoa is manifested after thawing. These workers found that plasma membrane

integrity was maintained throughout the cooling and freezing process even in the absence

of cryoprotectants and that membrane damage was not manifested immediately upon

thawing, but occurred during post-thaw re-wa¡ming with specific temperature ranges

between 2"C and 30"C. After cooling sperm to 5oC, using a cooling rate fast enough to

cause cold-shock, fluorescence could be maintained during rewarming to 20oC and

above, indicating that membrane lesions caused by lipid phase transitions may be

responsible for this effect, since cooling and rewarrring involves traversing phase

transition points twice. When sperm were frozen, the subsequent loss of membrane

integrity during rewanrring occurred at a lower post-thaw temperature than after cooling

without freezing. This event showed that the formation of ice around the cells causes a

signiflrcantly different type of cell damage than mere cold shock. In addition, they

indicaæd that the deleterious effect of fireezing became more severe if the temperature was

reduced further. Recently, Holt and North (1994) provided evidence that gives support

to the hypothesis that conditions experienced during freezing govern the severity of

plasma membrane damage. They found that the fluorescein efflux rate for spermatozoa

frozen to -l0oC and then re-warmed was not significantly greater than that for unfrozen

control cells, and that the increased efflux rate was induced by further cooling to
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-15oC, or -30oC. The major differences induced by freezing either to -10oC or lower

temperah¡res wns attributed to intrinsic effects of temperatue or to increased osmolality

of the extracellular environment. Their ultrastructural (Holt and North 1984) studies

indicated that changes in flagella¡ membrane petmeability were not induced by gross

plasma membrane changes during either freezing or thawing, indicating that

permeabilisation mechanisms do not necessarily involve visible structural damage.

However, danage to the middle- and principal-piece plasma membrane was induced

when spermatozoa frozen to :10oC were re-warmed through the temperature zone of l0-

30'C. Even though the mechanism causing this effect is unclear, it may involve changes

in membrane lipid organisation or protein conformation. These workers concluded that

the increased membrane permeability induced by freezing is not necessarily accompanied

by major stn¡ctural damage and that the restoration of isotonic equilibrium is a significant

cause of membrane damage during cryopreservation. Therefore, better post-thaw semen

handling techniques are likely to improve the viability of cryopreserved semen.

De Leeuw et al. (1990) reported that ultrastructural changes in the plasma membrane of

bull and boar sperrratozoa,take place upon cooling to OoC. These workers found lateral

redistribution of intramembranous particles (II\{P) in the postacrosomal and acrosomal

regions of the spenn head and in the principal piece of the tail. These redistributions

which appear to be reversible since the original particle distribution was restored upon

rewarming or thawing of sperm. The redistribution of the IMP's is considered to be the

result of lateral phase separations that occur when the temperature is reduced below the

phase transition temperature. De l¡euw et al. (1990) suggested that the redistribution of

IMP'S indicates that, although cold induced ultrastructural changes in sperm plasma

membranes are caused by cold-induced lateral phase separation, it is also possible that

lateral phase separation in the sperm plasma membrane is not the only cause of freezing

damage and that injury to other sensitive organelles within the cell result in a secondary

damage to the membrane. These workers concluded that even though lateral phase

separation can be considered as one of the mechanisms that could play a role in cold-
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induced cell injury, the importance of lateral phase separation with respect to sperm cell

viability is determined by lipid composition and the asymmetry of the plasma membrane.

Wolf et aI. (1990) pointed out that mammalian sperm plasma membranes exhibit a

significant fraction of lipid that does not diffr¡se laterally in the plane of the membrane

and this nondiffusing fraction results from lipid-lipid interactions. Since similar non-

diffrrsing fractions are found in mixed-lipid model systems that contain coexistent gel and

fluid domains, they suggested that the spenn plasma membrane may also exhibit lateral

phase segregation of lipid and may contain significant arnounts of gel-phase lipid. V/olf

et at. (1990) reported that plasma membrane from the anterior region of the head of ram

spermatozoa exhibits at least two major endothermic transitions centred at=26"C and at

=60"C. They indicated that these transitions were consistent with gel-to-fluid fransitions

in model membranes. Moreover, they observed these transitions in the plasma

membrane vesicles and in the rehydrated lipid extract made from these vesicles. rWolf ¿r

at. (1990) concluded that at physiological temperature the lipids in the ram sPenn plasma

membrane are segregated into coexisted fluid and gel domains and since sperm encounter

a wide range of temperatures during their development, these phase transitions may be

important in establishing dynamic domains of lipids requisite for epididymal storage and

fertilisation.

Drobnis et aL (I993a) studied the motility, membrane leakage and the lipid phase

transition with Fourier transform infra¡ed spectroscopy (FTIR) in human, boar and

shrimp spermatozoa subjected to cold shock. They found that the percentage of motile

boar spermatozoadid not change until the semen was cooled below t4"C, after which

loss of motility was a linear function of temperature. Potassium leakage increased

significantly between 20"C and 18"C, and then remained stable until 10oC. Further

cooling resulted in the loss of large amounts of potassium. For shrimp spermatozoa,

the lipid phase transition occurred between 13'C and -2"C, and leakage of potassium

became severe at the completion of the lipid phase transition. For human sPermatozoa

an abrupt tipid phase transition rvas not detected with FTIR, motility was well-

maintained even for sperm cooled to 4oC, and potassium leakage increased slightly below
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2.7 Conclusion

Artificial insemination with frozen semen has not been adopted widely by commercial

sheep producers since low fertility rates generally occtu after cervical insemination' The

limited utilisation of AI with frozen semen is due to problems related to the reproductive

tract of the ewe, AI methods and the preservation of semen. Several AI techniques have

been developed during the last 20 years, but com¡nercially acceptable larnbing rates with

frozen semen are only achieved with complex insemination techniques. In addition, the

cryopreservation process is reported to reduce the viability and fertility of spermatozoa.

It has been suggested that by improving the survival and integrity of frozen-thawed

sperrn, better fertility rates may be expected.

As shown in this review, sperm are subjected to stress during the cryopreservation

process. In order to develop new techniques and/or diluents that may improve the

fertilising capacity of frozen-thawed spermatozoa, numerous factors need to be

considered. Even though several cryoprotectants have been found to be useful in

protecting the viability of frozen-thawed spermatozoa, there arc reports that some of

them, specially glycerol, may be toxic to sperm. Alternative non-toxic compounds

(compatible solutes) have been successful in protecting the membranes of va¡ious

organisms and may also help to stabilise the complex molecular structure of the

spermatozoon during the freeze-thaw process. These alternative cryoprotectants should

be able to interact with the sperm membrane without disrupting its stmcture and should

not be toxic to sperm. Since it is known that lipid peroxidation causes significant

damage to sperm, the alternative cryoprotectants should be able to counteract the

damaging effects of free radicals and reactive oxygen species. Experiments conducted

in this thesis were aimed to test the cryoprotective properties of compatible solutes

(Chapter 4), compounds of epididymal origin that a¡e in contact with sperm (Chapter 5),

and antioxidants (Chapter 6), on the post-thaw cha¡acteristics of ram semen frozen in

pellets. The fertility of frozen-thawed ram spermatozoa was determined after cervical,

Eanscen'ical or intrauterine insemination (Chapter 7).



Chapter 3

Materials and Methods

3.1 Location of Experiments

In vitro experiments were conducted at the Deparfinent of Animal Science, University of

Adelaide, V/aite Campus. Fertility trials were conducted at the Experimental Farm of

The University of New South V/ales (LJNSIV) in Hay, New South Wales (NSW), at the

Avondale and at the Mt. Ba¡ker Resea¡ch Stations of the Department of Agriculture,

Western Australia (V/A), and at the Stud property Moorundie Park in Gulnare, South

Australia (SA).

3.2 Source of Sheep

For the in vitro experiments, semen was collected from mature Merino rams from

Martindale, SA, and from mature Merino rams from the Experimental Farm of UNSW at

Deniliquin, NSW.

Semen from the Deniliquin raÍN was used in the fertility trials conducted at Hay, NSW.

For the fertility trials conducted in'WA, semen was collected from Awassi fat tail rams

and frozen at the'Wongan Hills Quarantine Station (Wongan Hills, WA). Semen from

Poll Merinos (Moorundie Park) was used for the fertitity trial conducted at Gulnare, SA.

Mature Merino ewes that belong to each station were used for the fertility trials.

3.2 Semen Collection

Two consecutive ejaculates per ram were collected by artificial vagina (AV) as described

by Evans and Mærwel (1987). The AV consisted of an outer casing made from plastic,

and an inner liner made of rubber. The liner was extended at least 2-3 cmbeyond the

ends of the outer casing, folded back and secured at the ends with rubber bands to form a

water-tight jacket. The liner was slightly stretched and mounted on the casing to form a
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completely smooth tube with no wrinkles. Before collection the AVs were cleaned,

dried and sterilised withT}Vo alcohol in distilled water. The jacket was f¡lled with water

at 48-50'C through a tap fitted in the side. Next, the liner was lightly lubricated with

vaseline to a depth of about 3 cm using a plastic rod. At the other end, a sterile

calibrated semen collecting glass was inserted to a depth of 1.5-2.0 cm. While holding

the glass in position, the AV was inflated by blowing air through the open tap. Semen

collection was conducted in a clean dust-free area. A teaser ewe was secured in a

collection bail and then the ram was allowed to approach. When the ram mounted, the

erected penis was directed into the open end of the AV. After ejaculation took place, the

ram was allowed to withdraw his penis from the AV. The collecting glass was removed

carefully from the AV and the volume of the ejaculate recorded, and mass motility

assessed under the microscope. Ejaculates with a \rave motion score of 4-5 (Evans and

Morwell 1987) were kept in a waterbath at 30'C until dilution.

3.3 Semen Dilution and Freezing

Diluent composition

A tris-citrate buffer recommended for the freezing of ram spermatozoa in pellets

(Salamon and Visser 1972; Evans and Maxwell 1987) was used as the control (Table

3.3.1). The diluent contained Tris (Sigma Chemical Co., Sydney), glucose, citric acid

and glycerol (BDH Chemicals., Kilsyth, Victoria), streptomycin sulphate and

benzylpenicillin (Commonwealth Serum Laboratories (CSL), Melbourne) and egg yolk

(from fresh free range eggs which were washed with u/ann water and sterilised with

cotton wool moistened with alcohol).

Chemicals were fî¡st dissolved in Milli-q@ water (65 ml), then glycerol and Milli-Q@

water were added as required, and stored in a freezer until needed. Prior to utilisation,

the diluents were allowed to thaw in a water bath at 30"C and egg yolk added. After

cracking the egg, the egg white and the egg yolk were sepa¡ated, and the yolk was placed

on a filter paper without rupturing its membrane. The yolk was then run into a sterile
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beaker by folding and squeezing the filter paper, and was mixed with the aid of a sterile

glass rod, before adding the yolk to the diluent.

Table 3.3.1 The composition of freezing diluents for one-step dilution of ram semen @vans and

Maxwell 1987).

Tris G)

Glucose G)

Citic acid G)

Egg yolk (ml)

Glycerol (ml)

Penicillin (i.u.)

Streptomycin (mg)

Glass distilled water to

l+1

5.814

0.800

3.184

24

8

100,000

100

100 ml

I+2

4.361

0.600

2.388

18

6

100,000

100

100 ml

1+3

3.876

0.533

2.123

l6

5.3

100,000

100

100 ml

l+4

3.634

0.500

1.990

l5

5

100,(x)0

100

100 ml

Dilution rate (semen + diluent)

The CS (L-proline, glycine betaine and trehalose), the epididymal compounds

(hypotaurine, taurine and myo-inositol), and the antioxidants (carnosine and ascorbic

acid) were purchased from Sigma Chemical Co., Sydney. The desired concentration of

these compounds was added to the Tris citrate buffer prior to storage of the diluents in

the freezer.

In two fertitity trials conducted at Hay, NSW, and in the trials conducted in Western

Australia, a zwitterion buffer diluent developed for freezing ram semen at the University

of Sydney was also tested. The zwitterion diluent contained 236 mM Hepes (Sigma

Chemical Co., Sydney), titrated to pH 7.0 with lM NaOH (Ajax Chemicals, Sydney)

a¡d l3.5%o egg yolk (v/v). The solution was centrifuged for 10 min at l0 000 g before

adding 85 mM glucose and67o (v/v) glycerol.
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Dilurton of semen

Semen was diluted within l0 minutes of collection. The diluent and the ejaculate were

placed in a water bath at 30oC. The ejaculate was divided into a number of aliquots

equal to that of the diluents tested in each experiment, and extended with the appropriate

diluent. A 1 ml serological pipette @ecton Dickinson Labwa¡e, New Jersey) was used

for dilution. Depend.ing on the rate of dilution, the appropriate volume of diluent was

sucked into the pipette and added slowly to the semen held in 12 x75 mm glass tubes.

After add,ition of the diluent, the semen and the diluent were gently mixed and the glass

tubes sealed with Parafilm@.

Freezing

The cultr¡re tubes containing diluted semen and extra diluent from each of the diluents

were placed in beakers containing u/ater from the water bath (30"C) and cooled down to

4-5"C over 2 h in a cold room. Freezing was conducted inside a cold room (3-5'C).

Several holes were engraved into the surface of a block of dry ice (solid carbon dioxide,

-79"C) using a stainless steel device sterilised with707o alcohol (Evans and Maxwell

1937). When the diluted semen reached 5oC, a 5 ml Eppendorf combotip attached to an

Eppendorf multipette (Eppendorf-Netheler-Hinz GmbH, Harrburg) was rinsed with the

cooled extra diluent before the cooled diluted semen was loaded. Aliquots of 200pL

were pipetted into the holes on the dry ice and remained there until they formed pellets

(2-3 min). Then, the pellets were transferred to previously identified plastic or glass

tubes containing liquid nitrogen, and stored in a liquid nitrogen container where they

remained until thawing for assessment and/or insemination.

3.4 Semen Assessment

The post-thaw motility of spermatozoa in pellet frozen semen was assessed after

incubation by a computer assisted semen analysis system (Edwa¡d et al. 1995), and the

acrosome integnty by a modified staining procedue (Bryan and Aknrk 1977).



96

3.4.1 Motility assessment

Semen was thawed by placing individual pellets in glass tubes in a water bath at 37"C.

Frozen-thawed semen (100 pL) was then transferred to a 10 ml polystyrene tube

@isposable Products, SA) and diluted 1:50 with Dulbecco's phosphate buffered saline

solution (PBS; single strength, pH 7.3; CSL, Melbourne) at37"C. After gently mixing

the diluted semen, the tube was sealed with a screwcap and incubated at 37"C in a water

bath. Aliquots of diluted semen were assessed using a computer assisted image analysis

(Hamilton-Thorn motility analyzer, Version 6.03-7.zQDaintree Ind., Victoria; HTM).

The motility characteristics measured in these studies by the IITM a¡e shown in Table

3.3.2.

Table 33.2. The spenn motility characteristics measured by the IITM (Hamilton-Thorn 1989; Davis
et al. 1992).

Linearity (Vo)

Path velocity

Straight line velocity

Curvilinear velocity

(vsl):

(vcl.):

(sTR):

(MODPC):

(MOTPC):

(PROGPC):

I-ateral head displacement (ALH): Amplitude of the lateral head displacement of the

sperm head from its linea¡ track (pm).

Linearity of the curvilinear trajectory (VSL/VCL).

Velocity of the sperm head along its average

trajectory (¡tnt/sec).

Velocity of the sperm head along a straight line from

its first position to its last position (pm/sec).

Velocity of the sperm head along its actual trajectory

Gun/sec).

Straightness of the average path (VCIJVAP).

Percentage of motile cells moving with a velocity

less than the critical velocity (CPV = 95 pm/sec)

and greater than 5 F¡n/sec.

Percentage of total sperrr cells that are motile.

Percentage of rrotile spenn cells moving with a path

velocity greater than the mediun VAP velocity and

simultaneously with STR higher than the

th¡eshold straightness.

Percentage of motile cells moving with a path

velocity greater than CPV.

Straightness

Mod€rat€

(vo)

(vo)

Motility (Vo)

Progressive (Vo)

Rapid (Vo) (RAPPC):

Motilitycharacteristics Abbreviation Definition
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The senings for the IITM as defined by Matrony et aI. (1988) and Edwa¡d et aI. (1995)

were adjusted to accommodate ra¡n spennatozoa by using the playback facility, which

enables the operator to examine if all non-motile and motile cells are properly identified.

The senings arc presented in Table 3.3.3.

Table 3.3.3. HMT parameter settings used for motility analysis of ram spennatozoa.

Assessment procedure

The sperm solution was gently mixed prior to assessment, a 6pL aliquot was drawn

from the polystyrene tube and placed into a Makler counting chamber (Sefi-Medical

Instruments, Israel) with a lOpm depth and covered with a coverslip. The cha¡nber was

placed on the stage of the HTM, at least 600 sperm cells were analysed per specimen.

The number of fields in the analysis depended on the counting of the cells required for

the assessment and varied from 6 to 9 different fields, which were selected among the

ones which were free from debris. In between samples, the playback facility of the

r

j

Temperature

Chamber

Image type

Field selection

Calculate ALH

Morphology

Franes atfrarterate

Minimum contrast

Minimum size

Lo/Hi size gates

Lo/Hi intensity gates

Non motile head size

Non motile intensity

Medium VAP value

Low VAP value

Dilution

37"C

Makler (10Pm)

Phase contrast

Select

Yes

None

20 at

6

7

0.2

0.2

6

60

95

10

25 sec

2.0

2.0

1:50 (semen: PBS)

Hanilton-Thorn motility pa¡ameters
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IITM \Á,as used to check if the sperrr cells were properly identified. V/hen some of the

cells were not identified, small adjustments were made to the setup shown in Table

3.3.3. When the specimen was assessed, the results were recorded in a database file on

acomputer attached to the IITM.

3.4.2 Acrosome integrity assessment

The acrosome integrity of frozen-thawed spermatozoawas conducted using a modified

staining procedure for rabbit spennatozoa as described by Bryan and Akruk (L977)-

The chemicals required for this procedure were purchased from Sigma Chemical Co.

(Sydney) unless otherwise stated.

Slide preparation

A drop of diluæd frozen-thawed semen was drawn and smeared on a slide an allowed to

air dry overnight in a dusçfree environment.

Staining solutions

A: 0.1 7o naphthol yellow S in I 7o aqueous acetic acid (BDH Chemicals, Kilsyth,

Victoria).

B: 0.2 7o âQüeous naphthol yellow .

C:0.2 7o erythrosin B.

Equal parts of solution B and C were mixed and pH adjusted to 4.6-5.0 with acetic

glacial acid. Because erythrosin B is subject to photochemical degradation, all solutions

containing it were stored in the dark and staining was conducted in an aluminium foil

covered Coplin jar.

Staining procedure

Slides were stained in solution A for 30 minutes at room temperatue.

Slides were blot dried with paper towel and rinsed in 1.0 7o aQueous solution

ofacetic acid for 10-15 sec.

I
2
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3

4

5

6

7

Slides were drained and stained in the dye mixture (B+C, equal Parts) for 13

min.

Slides were rinsed in Mim-qo water adjusted to pH 4-6-5.0 with acetic acid'

Slides were blotted and allowed to air dry.

Dry slides were rinsed in xylene (BDH Chemicals., Kilsyth, Victoria) and

allowed to dry.

Slides wefe mounted in a resin mountant and allowed to dry f.ot 12 h after

adding coverslip.

The slides were examined by phase-contrast microscopy using a 100x oil immersion

objective and white light. Spermatozoa (n=200 per slide) $,ere assessed for the

percentage of intact acrosomes.

3.5 Synchronisation of Oestrus

Merino ewes were treated for L2-14 days with intravaginal progestagen-impregnated

sponges which were obtained from different companies. Repromap@ 100 mg MAP;

Upjohn, Rydalmere, NSW, Austratia) were used for the experiments conducted at Hay,

NSrüf; Ovakron@ sponges (30 mg FGA; Dale River Transplants, V/A) for the

experiments conducted at WA; and Chronogest@ (30 mg FGA; Intervet, Australia, Pty

Ltd., NSrü/) at Moorundie Park. At sponge removal, the ewes were injected with 400

i.u. pregnant mare's serum gonadotrophin (PMSG). Pregnecol (Heriot AgVet,

Australia Pty Ltd.) was used at Hay, NSW and Foltigon (Intervet, Australia Pty Ltd.,

NS\Ð in WA and at Moorundie Pa¡k. After injection of the PMSG, the ewes $,ere run

with 4 or IOVo of teaser rams (vasectomised rams) fitted with harnesses and crayons for

oestn¡s detection from the time of sponge removal (Mærwell et al. 1984; Muwell and

Hewitt 1986; Ma,xwell et aL.1986).

3.6 Methods of insemination

The ewes were inseminated cervically, transcervically or by laparoscopy 50-60h after

sponge removal. Semen was thawed following the procedure described in section 3.4,

and kept at32"C for no longer than 5 to 10 minutes before insemination. Ewes were
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deprived of food and water for 24 h before insemination. The volume of inseminate

varied accordingly to the method of insemination used in each experiment and is reported

in the appropriate chapter.

3.7 Pregnancy diagnosis

In one of the experiments conducted at Hay, NSW, pregnancy diagnosis was performed

at either 17 days after insemination by measuring the peripheral plasma level of P¿ by

radioimmunoassay (RIA), or at 50 to 65 days after AI by ultrasound. h all the other on

famr experiments pregnancy was diagnosed by the latter method.

3.7.1 Pregnancy Diagnosis by Peripheral Progesterone Level Assay

Blood samples were obtained 17 days after AI, via jugular venipuncture by Vacutainer

containing heparin (100 x 16 mm) with 19G needle (Vacutainer system, Becton

Dickinson Labware, New Jersey). After collection, samples were kept on ice and

centrifuged at 2 000 g for twenty minutes. The plasma was removed and placed in a 12

x 75 mm identified glass tube, and stored at -20"C until required for assay. The

chemicals used for the assay were analytical grade and obtained from Ajax Chemicals

(Sydney, NSIW, Australia) unless otherwise stated. The methodology was the same as

reportedby D'Occhio et al. (1988).

Solutions requiredfor the assay

Buffirs

0.01M Phosphate-buffered saline (PBS), pH 7.5. The buffer was prepared with 2.84 g

of NazHPOa (anhydrous), 0.74 g EDTA, 2.0 g sodium Azide (Nal'{g), 16.3 g sodium

chloride (NaCl) and adjusted to pH 7.5 with lN HCI made up to 2 L with Milti Q@

water

0.01M Gel PBS. As above with gelatine 4.0 in 2 L buffer.
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Other solutions

Heptane

Dextran coated charcoal (DCC). 6.25 mg charcoal Norit-A, 62.5 mg Dextran T70 in

100 ml PBS.

Scintillation fluid. 5 g PPO (2,5-Diphenyloxazode) (Scintillation grade, United

technologies Packard) in 1 L toluene.

Stock solution anà standards

Stock solution - lttg progesterone/ml.

80 pl in 4 ml gel PBS 2000 pgl100 pl (Duplicate)

80 pl in 4 ml gel PBS 1000 pgl100 pl (Duplicate)

80 ¡rl in 4 ml gel PBS 500 pgl100 ¡rl @uplicate)

80 UI in 4 ml gel PBS 250 pg/100 ¡rl @uplicate)

S0 pl in 4 ml gel PBS 125 pgltùO ¡tl @uplicate)

80 pl in 4 ml gel PBS 62pgllùO pl (Duplicate)

80 pl in 4 ml gel PBS 31 pg/100 ¡tl (Triplicate)

80 ¡tt in 4 ml gel PBS 15 pgl100 pl (Iriplicate)

NSB 400UL stock solution in 3.5 ml gel PBS (Triplicate)

Tnro gel PB S (Quadruplicate)

Sample or standard:

Solvent Hepøne:

3H tritiated progesterone :

Antiserum:

100 ttl-

lml

20O tLL (10,000 cpm)

200 UL
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Assay procedure

Preparatint

The plasma samples were thawed and 100 pl was drawn from each sample in duplicate.

The standard cun/e was prepared by placing 100 pl of the different standards in tubes.

The samples at this stage were kept at 4"C over night or extraction started immediately.

Extraction

Heptane (1 ml) was added to each tube which was vortexed for I minute. The aqueous

phase was frozen in ethanol cooled with liquid nitrogen, and the solvent decanted into a

second glass tube. Next, the tubes in the rack were dried in an air extractor cabinet, by

blowing air and heating in a waterbath at 37"C. When the tubes were perfectly dry,200

pl of tritiated P+ and 200 pl of antiserum were added to each of tubes which were then

gently vortexed. The tubes were then left at 4oC overnight.

The following day, 200 FL of Dextran-coated charcoal was added to each tube, the tubes

were then vigorously shaken and left at4"C for 15 minutes, and then centrifuged at 800 g

for 20 minutes at 4"C. The supernatant was decanted into polyetþlene counting vials

and I ml of scintillation fluid was added to each vial. The vials were securely capped

and shaken for 20 to 30 min on a mechanical shaker.

The amount of radioactivity was then measured with a beta counter (LKB-lvallace,l2L5

Rackbeta tr, Liquid Scintillation Counter). The ewes were diagnosed pregnant if the

concentrations of P4 were greater than 2 ng/ml, which is the same as reported by

Robertson (1977) for pregnant ewes and used by Mieusset et al. (1991, 1992) fot

pregnancy diagnose after LI. Intra- and inter-assay coefficients of variation for all RlAs

were < l07o based on duplicate samples, and the sensitivity of the assays was 0.19

ng/ml.
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3.7.2 Pregnancy Diagnosis by Ultrasound

The diagnosis was perforrred with an ultrasound scanner, 60-70 days after AI. The

wool from the belly a¡ea and side of the hind legs was removed when required as close

to the skin as possible using standard shearing equipment. The ewes were pulled out

from the shute and restrained for scanning whilst lying on their backs. The belly was

lubricated with polyunsaturated vegetable oil to improve contact for ultrasonic

transmission. The transducer was applied to the lower part of the belly and moved from

side to side di¡ecting the beam in different positions and planes so the boundaries of the

uteri were defined and their contents examined for pregnancy. A ewe was diagnosed

pregnant when the fetus or fetal movement was found.

3.6 Data analysis

All data are presented as mean value of the number of replicates indicated. Results were

subjected to Analysis of Variance (ANOVA) for a split-plot design and were performed

using GENSTAT (Mark 4.03, 1980, Lawes Agricultural Trust, Rothamsted

Experimental Station, UK). Angular transforrration was done for the parameters

reported as percentages. Significant differences between treatments were determined by

Tukey's w procedure (Steel and Torrie 1980). Fertility data were assessed by X2

analysis of contingency tables. Correlation coefficients between the measured semen

traits and between the traits and fertility were calculated within AI program.

I



Chapter 4

Effect of Compatible Solutes on the Post-Thaw Motility Characteristics of

Ram Spermatozoa

A series of experiments was conducted to study the compatible solutes proline a¡rd or

glycine betaine as components of diluents for the freezing of ram spermatozoa in pellets.

4.1 Effect of Proline and Glycine Betaine on the Post-Thaw Motility

Characteristics of Ram Spermatozoa Frozen in Diluents with Varying

Levels of Egg Yolk

Introdrction

The detrimental effects of cryopreservation on the survival of spermatozoa may be

minimised by cryoprotectants such as egg yolk and glycerol as components of the

freezing diluent (Pace and Gratram 1974; Watson 1979; V/atson et al. 1992a). Even

though egg yolk has been traditionally included in diluents for the freezing of

sperrnatozo4 it may be detrimental to spermatozoa (Sherman 1963; Shannon and Curson

L972a; V[atson 1990a; Mclaughlin et aL t992) and reduce the fertility of bovine

(Shannon 1973) and ram spermatozoa (rWatson and Martin 1976b, c). Thus, a

reduction in the level of egg yolk in the diluent may help to lessen these detrimental

effects. Compatible solutes are compounds accumulated by many plants (Aspinall and

Paleg l98l), unicellula¡ organisms and marine elasmobranchs (Yancey and Somero

1979), to provide protection to proteins and membranes in stress situations. The

compatible solutes proline and glycine betaine are also reponed to have cryoprotective

properties (rWithers and King 1979: Coughlan and Heber L982; Franks 1981). The

following experiments were conducted to study the effects of the compatible solutes

proline and/or glycine betaine on the post-thaw motility (PTM) characteristics of ram

spermatozoa frozen in diluents containing various levels of egg yolk.
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Materials and metløds

Experiment 4.1.1 examined the effect of proline (0, 54 and 108 rnlvf) and glycine betaine

(0, 53 and 106 mM), with and without egg yolk (líVo v/v) on PTM characteristics of

ramspennatozoa.Experiment4.L.2examinedeggyolk(0,5,10,15,2oVo),withand

without proline (54 mM) and glycine betaine (53 mlvt). All the diluents were tris-based,

contained glycerol (5Vo vlv) and were adjusted to pH 6.8 (experiment 4.1.1) or pH 7.0

(experiment 4.L.2). Two consecutive ejaculates per ram were collected by artificial

vagina from the Martindale Merino rams (n=6) in experiment 4.1.1 and from the

Deniliquin Merino rams (n=3) in experiment4.l.2. Ejaculates were divided as required

and diluted l:4 (semen:diluent) with one of the diluents specifred above, cooled to 5 "C in

2h, and pellet-frozen. Three pellets per ram per treatment were thawed and semen

assessed with the Hamilton-Thorn Motility Analyzer (HTM) after incubation for 0, 3, 6

or t h in experiment 4.1.1, or 0, 5 or l0 h. in experiment 4.1.2.

Results

The level of egg yolk, and incubation influenced all the post-thaw motility cha¡acteristics

of ram spermatozoa (P<0.001). The presence of CS in the diluents containing egg yolk

improved some of the PTM cha¡acteristics, but no significant improvement was observed

in the absence of egg yolk. The higher concentrations of CS, were either no better or

less effective than the lower concentrations. However, the combination of proline and

glycine betaine in the egg yolk-containing diluents significantly reduced some of the

PTM characteristics of spermatozoa (P<0.001). Results pooled for incubation time for

experiment 4.1.1 a¡e presented in Tables 4.l.l.l-7, and for experiment 4.t.2 in Tables

4.1.2.1-1-9. Changes in the post-thaw motility cha¡acteristics during post-thaw

incubation are presented ia Figs. 4.l.t.l-4 and Figs. 4.1.2.14 for experiments 4.1.1

and 4.L.2 respectively.
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4.1.1 Effect of Proline and Glycine Betaine on the Post'Thaw Motility

Characteristics of Ram Spermatozoa Frozen in the Presence or Absence of

Egg Yolk

Results

Posr-thaw MOTPC (Table 4.I.1ll), PROGPC (Table 4.1.1.2) and RAPPC (Table

4.1.1.3) were higher for spermatozoa frozen in the presence than in the absence of egg

yolk (P<0.001). The presence of CS in the diluents had no effect on MOTPC (Fig'

4.1.1.1 a), PROGPC (Fig. 4.1.1.2a), or RAPPC (Fig. a.1.1.3a). In the presence of

egg yolk, the combination of proline and glycine betaine significantly reduced.MOTPC' i ,s'rr{ r'r'rCbut u¡h¡l tos'roù'il

(P<0.001). In contrast, when proline or glycine betaine were present in the egg yolk-

containing diluents MOTPC, PROGPC and RAPPC were significantly improved

(p<0.001). Even though this improvement was not observed immediately after

thawing, the MoTPC (Fig. 4.l-1r.1b), PROGPC (Fig. 4.1.1.2b) and RAPPC (Fig.

4.1.1.3b) of spermatozoa ttrere better maintained during incubation when semen was

frozen in diluents containing CS and egg yolk than in the control diluent (P<0.001).

Table 4.1.1.1 Effect of egg yolk and compatible solutes concentration in the diluent on the mean

MOTPC of ram spermatozoa during post-thawing incubation'

42.2

22.8

t6.7

52.3

44.2

23.3

37.0

48.8

3 8.9

0

54

108

15

22.3

18.8

14.2

24.4

t7.9

16,8

15.9

15.2

t4.l

0

54

108

0

106530

Proline

(mM)

EggyolkTo

(v/v)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 10.2 would be signihcantly

different (P<0.01).
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Fig. 4.1.1.1 Changes in the MOTPC of ram spernatozoa during post-thawing incubation at 37oC

foliowing freezing and thawing in the absence (a) or presence (b) ofegg yolk in a tris glucose-citric acid

diluent @¡, and in this diluent containing 54 mM proline(I), 53 mM glycine betaine (A) or 54 mM
proline + 53 mM glycine betaine (l). Each point is the mean of 18 observations with s.e.m. shown

by the vertical lines. * P <0.01.

Table 4.1.1.2 Effect of egg yolk and compatible solutes concentration in the diluent on the mean

PROGPC of ram spermatozoa during post-thawing incubation'

18.5

7.8

4.5

25.8

20.2

9.6

t9.4

24.1

17.8

0

54

108

l5

5.3

4.2

2.O

7.7

3.9

4,3

4.3

4.3

4.4

0

54

108

0

106530

Proline

(mM)

EggyolkVo

(v/v)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 5.4 would be significantly
different (P<0.01).
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Fig. 4.1.1.2 Changes sp( rmatozoa during post-thawing incubation at 37oC

foùowing freezing and or presence (b) of egg yolk in a tris glucose-citric acid

diluent (-tr), and in thi M proline(l), 53 mM glycine betaine (A) or 54 mM
proline + 53 mM glycine betaine (O). Each point is the mean of 18 observations with s.e.m. shown

by the vertical lines. * P <0.01.
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Tabte 4.1.13 Effect of egg yolk and compatible solutes concentraúon in the diluent on the mean

RAPPC of ran spernatozoa during post-thawing incubation'

t9.4

8.2

4.6

27.2

2r.r
9.8

20.t

25.9

18.7

0

54

108

15

5.6

4.3

2.1

8.1

4.1

4.4

4.5

4.5

4.5

0

54

108

0

106530

Proline

(trtM)

EggyolJr-To

(v/v)

Glycine betaine

Each value is the mean of 72 observations, means different by more than 5.8 would be significantly

different (P<0.01).
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Fig. 4.1.1.3 Changes in the RAPPC of ram sperinatozoa during post-thawing incubaúon 
^t 

37"C
foùowing freezing and thawing in the absence (a) or presence (b) of egg yolk in a tris glucose-ciric acid

diluent 1-tr¡, ana in this diluent containing 54 mM proline (¡), 53 mM glycine betaine (A) or 54 mM
proline + 53 mM glycine betaine (O). Each point is the nean of 18 observations with s.e.m. shown

by the vertical lines. * P <0.01.

Post-thaw MODPC, of spermatozoa was higher when frozen in the presence than in the

absence of egg yolk (P<0.001; Table 4.1.L.4). The addition of CS to the egg yolk-

containing diluents improved MODPC compared with the control (Pd.001). However,

the combination of both CS in these diluents reduced MODPC (P<0.001).

The post-thaw mean LIN and STR of spermatozoa w0(¿higher for spermatozoa frozen in

the presence than in the absence of egg yolk 68.lVo vs. 7'7.4Vo, and 84.97o vs. 8'l .17o,

respectively (P<0.001). Further no interaction between the levels of egg yolk and the

cs.
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22.7

15.0

t2.o

25.0

23.1

t3.4

16.7

23.2

20.2

0

54

108

15

t6.7

t4.4

12.o

16.3

13.7

12.3

11.9

I 1.1

9.5

0

54

108

0

106530

Proline

(mM)
EggyolJrTo

(v/v)

Glycine betaine

Each value is the mean of 72 observations, means different by more than 23 would be signifrcantly

different (P<0.01).

Both the absence of egg yolk and the highest concentration of the CS in the diluents

significantly reduced the vAP (Table 4.1.1.5), VSL (Table 4.1.1.6) and vcl (Table

4.1.t.7)of spermatozoa (P<0.001). No interaction between levels of egg yolk, proline

and glycine betaine on VAP, VSL or VCL was observed. Post-thaw VAP of

spermatozoa was significantly reduced during incubation regardless of the diluent in

Table 4.1.1.4 Effect of egg yolk and compatible solutes concentration in the diluent on the mean

MODPC ór rao, spefnatozoa during post-thawing incubation.

which semen was frozen (Fig a.l.l.a).

Table 4.1.1.5 Effect of egg yolk and compatible solutes concentraúon in the diluent on the mean

vAPoframspermatozoaduringpost-tharvingincubation(¡tr/sec).

84.9

70.t

66.1

89.8

86.0

78.3

92.1

91.0

84.3

0

54

108

15

60.2

60.7

52.3

66.7

59.3

61.8

63.8

66.8

64.5

0

54

108

0

106530

Proline

(mM)

BggyokVo

(v/v)

Glycine betaine (mlvf)

Each value is the mean of 72 observations, means different by more than 10.1 would be significantly

different (P<0.01).
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Table 4.1.1.6 Effect of egg yolk and compatible solutes concenEation in the diluent on the mean

VSL of raniJpãrmatozoa during post-thawing incubation (tm¡/sec).

77.8

63.9

60.4

8r.9

79.t

72.4

85.2

83.0

77.5

0

54

108

15

54.1

54.7

46.3

59.9

52.9

56.6

57.3

60.4

58.3

0

54

108

0

106530

Proline

(mM)

EggyokVo
(v/v)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 10'7 would be significantly

different (P<0.01).

Table 4.1.1.7

99.2

84.3

80.4

105.1

100.4

9t.4

107.6

105.9

98.6

0

54

108

l5

75.4

76.1

67.8

83.7

77.7

76.7

80.4

84.6

81.6

0

54

108

0

106530

Proline

(nM)
BggyolJrVo

(v/v)

beøine (mM)

Each value is the mean of 72 observations, means different by more tban 12.7 would be significantly

different (P<0.01).

Overall ALH was not affected by the presence or absence of egg yolk and/or CS in the

diluents, and there was no interaction between the levels of egg yolk and the CS on ALH.

Effect of egg yolk and compatible solutes concentration in the diluent on the mean

VCL of ra¡n lpêtr,"toro" during post-thawing incubation (¡tr/sec)'



4.1.2 Effect of Proline and/or Glycine Betaine on the Post'Thaw

Motility Characteristics of Ram Spermatozoa ßtozen in Diluents

Containing Various Levels of Egg Yolk

Results

The MOTPC (Table 4.L.2.1), PROGPC (Table 4.1.2.2), and RAPPC of spermatozoa

wq(ølower when frozen in the absence than in the presence of egg yolk (P<0.0O1). The

inclusion of as little as 5 7o egg yolk into the diluent significantly improved MOTPC'

PROGPC and RAPPC, but increasing its concentration in the diluent had no further

effect. A higher MOTPC, PROGPC, and RAPPC was obsen¡ed for spermatozoa frozen

in the diluonts containing egg yolk and proline or glycine betaine compared with the

control diluent (P<0.001). However, the combination of proline with glycine betaine

appeared to be detrimental. Regardless of the diluent in which spermatozoa were frozen,

MOTPC (Fig. a.l.2.l), PRoGPC (Fig.4.t.2.2) and RAPPC (Fig.4.1.2.3) declined

during incubation (P<0.00 1 ).

Tsble 4.1.2.1. Effect of egg yolk and compatible solutes concentration in the diluent on the mean

MOTPC of ra¡n spermatozoa during post-thawing incubation.

15.6

31.5

33.4

36.0

30.1

19.2

31.2

34.6

39.3

37.9

17.5

34.1

39.7

39.4

37.0

t7.o

26.4

27.0

30.1

25.t

0

5

10

t5
20

540540Proline (mM)

Egg yolk

Vo

(v/v)

530

Glycine betaine (mM)

Each value is the mean of 27 observations, means different by more than 9.1 would be significantly
different (P<0.01).

Table 4.1.2.2 Effect of egg yolk concentration in the diluent on the mean PROGPC of ram
spennatozoa druing post-thawing incubation.

t4.215.3t4.513.16.6

2015l050

EggyolkVo

Each value is the mean of 108 observations, means different by more than 3.0 would be significantly
different (P<0.01).
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riig. 4.1.2.1 Changes in the TPC of ram spennatozoa during post-thawing

inã¡bation at3T"Cfollowing free presence of 0 (a), 5 (b)' 10 (c)' 15 (d) or

20Vo (e) egg yolk (tr) in u tris g aining glycerol, 91d (!l:" this diluent

conøning-54 mM proline, (A) í mM glycine betaine or (O) 54 mM proline + S3_mM^glycine betaine.

Each poin-t is the mèan of 9 observations with s.e.m shown by the vertical lines. 'r P<0.01

Table 4.1.2.3 Effect of egg yolk concentration in the diluent on the mean RAPPC of rart
spennatozoa during post-tha\iling incubation.

t5.216.515.614.t7.r

20151050

7o

Each value is the mean of 108 observations, means different by more than 2.8 would be significantly

different (P<0.01).



113

b
70

60

Iro
Hoo
Iro
Ézo

l0

0

70

60

gro
Ho0
8ro
*zo

l0

0

d
70

60

50

30

20

l0

0

s
oÀ(,
oú
Âi

c

+

70

60

gro

Roo
Iro
*zo

l0

0

70

60

Iro
u40À
Iro
Éro

l0

0

a

012345678910
Incubation time (h)

0123456789
Incubation time (h)

0t2345678910
Incubation time (h)

0r2345678910
Incubation time (h)

e

*

0t2345678910
Incubation time (h)

Fig. 4.1.2.2 Changes in the PROGPC of ram spennatozoa during post-thaw_ing incubation at 37oC

foùowing freezing and thawing in the presence of 0 (a), 5 (b), 10 (c), 15 (d) or 2OVo (e) egg yolk in a tris
glucose-õitric aciá diluent containing glycerol (tr), and in this diluent conøining 54 tY proline(l), 53

irM glycine beraine (A) or 54 mM Þrotine + 53 mM glycine betaine (O). Each point is the mean of 9
observations wilh s.e.m. shown by the vertical lines. * P<0.01.

MODPC (Table 4.t.2.4), mean LIN (Table 4.1.2.5), STR (Table 4.L.2.6), VAP (Table

4.L.2.7), VSL (Table 4.1.2.8) and VCL (Table 4.1.2.9) were lower for spermatozoa

frozen in diluents without than with egg yolk (P<0.001). Increasing the level of egg

yolk in the diluent above SVo hadno effect on these cha¡acteristics, and no interaction

between the level of egg yolk and the CS was observed. Incubation had no effect on

MODPC, mean LIN or STR, however VAP, VSL and VSL were significantly reduced

(P<0.001).
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Fig. 4.1.2.3 Changes in RAPPC of ram spermatozoa during post-thawing incubation at 37"C

folftwing freezing anã thawing in the presence óf 0 (a), 5 (b), 10 (c), 15 (d) or 2OVo (e) egg yolk in a tris

glucose-õitric aciã diluent coniaining glycerol (tr), and in this diluent containing 54 try proline (I)' 53

äM glycine betaine (A) or 54 mM proiine + 53 mM glycine betaine (O). Each point is the mean of 9
observations with s.e.m. shown by the vertical lines. xP<0.01.

Table 4.1.2.4 Effect of egg yolk concentration in the diluent on the MODPC of ram spermatozoa
during post-thawing incubation.

17.319.718.016.ó10.1

20l5l050

BggyolkTo

Each value is the mean of 108 observations, means different by more than 6.2 would be significantly
different (P<0.01).
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Table 4.1.2.5 Effect of egg yolk concentration in the diluent on the mean LIN of ram spermatozoa
during post-thawing incubation.

74.273.973.373.562.5

20l5l050

Egg yolkVo

Each value is the mean of 108 observations, means different by more than 3.6 would be signifrcantly

different (P<0.01).

Table 4.1.2.6 Effect of egg yolk concentration in the diluent on the mean STR of ram spermatozoa

during post-thawing incubaúon'

85.185.485.285.879.3

20l51050

Egg 7o

Each value is the mean of 108 observations, means different by more than 0.4 would be significantly
different (P<0.01).

Table 4.1.2.7. Effect of egg yolk and compatible solutes concentration in the diluent on the mean

VAP of ram spermatozoa during post-thawing incubation (¡tnt/sec)'

60.8

77.t
77.5

78.9

77.4

59.4

79.0

78.4

78.7

83.6

60.5

74.2

78. I
80.5

74.4

61.3

76.7

79.r

75.2

73.7

0

5

10

15

20

540540Proline (mM)

Egg yolk

Vo

(v/v)

530

Glycine betaine (mM)

Each value is the mean of 27 observations, means different by more than 14.2 would be significantly
different (P<0.01).

Table 4.1.2.t Effect of egg yolk and compatible solutes concentration in the diluent on the mean

VSL of ran sPematozoa during Post-thawing incubation (pr/sec)'

51.9

68.6

68.1

69.4

69.0

50.0

70.3

69.8

70.2

74.4

51.9

65.5

69.0

71.7

67.9

52.9

68.7

7t.2
67.8

66.9

0

5

l0
15

20

540540Proline (mM)

Egg yolk

Vo

(v/v)

530

Glycine betaine (mM)

Each value is the mean of 27 observations, means different by more than 13.7 would be significantly
different (P<0.01).
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Table 4.1.2.9 Effect of egg yolk and compatible solutes concentration in the diluent on the mean

VCL of ran spermatozoa during post-thawing incubation (tt¡n/sec).

79.0

92.8

94.4

96.8

93.0

77.4

94.4

93.5

94.5

99.6

75.7

89.9

94.4

95.2

9r.4

78.0

91.8

94.8

94.5

87.4

0

5

10

15

20

540540Proline (mM)

Egg yolk

7o

(v/v)

530

Glycine betaine (nM)

Each value is the mean of 27 observations, means different by more than l5'3 would be signifrcantly

different (P<0.01).

The presence of egg yolk and/or CS in the diluents had no effect on ALH, and there was

no interaction between the levels of egg yolk and the CS on ALH.

Discussion

Egg yolk has been a common constituent of semen diluents since Philips (1939) reported

its beneficial effects oû the preservation of bull spermatozoa. Even though the need for

egg yolk in the diluents for freezing ram semen has been demonstrated (White et al. 1954;

Blackshaw 1955; Salamon and Lightfoot 1969; Jones and Martin 1973; Watson and

Manin 1975, t976a), some authors have suggested that egg yolk may have deleterious

effects on spermatozoa (Shanon and Curson l972a,b; Watson and Martin 1973,1975b,

1976b, c). Shannon and Curson (1972a, b), indicated that egg yolk enhanced the

toxicity of dead spermatozoa by providing substrate for lipid peroxidation. Watson and

Ma¡tin (1976c) found that increasing levels of egg yolk reduced the fertility of freshly

ejaculated ram spermatozoa. These workers reported 69, 58, 50 and 427o NRR for

undiluted semen or for semen used soon after dilution with 0.375, 1.5, or 67o vlv yolk in

the diluent. Watson et al. (1992b) pointed out that some resea¡chers have chosen to

avoid egg yolk in human semen diluents for fear of potential disease and/or immune

response risks. Based on toxicological studies of bovine sPermatozoa, Kolossa and

Seiben (1990) suggested that the omission of egg yolk from the freezing diluent could

improve the survival of frozen-thawed spermatozoa. The results obtained in the present
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experiments indicate that the presence of egg yolk in diluents for the frozen storage of

ram semen at low temperatures is essential to obtain satisfactory post-thaw survival of

spermatozoa. The pTM characteristics of pellet-frozen ram spennatozoa were adversely

affected by the absence of egg yolk in the diluents confirming the earlier reports of

'Watson and Martin (1973,1975b).

Katz et al. (1982) reported that morphologically normal spermatozoa swim faster and

straighter than abnormal spermatozoa. The lower LIN, STR, VAP, VSL and VCL of

spermatozoa frozen in the absence than in the presence of egg yolk may indicate lower

fefilising capacity of spermatozoa since these characteristics have been correlated with in

vitro fertilisation rates of human speunatozoa (Holt et al. 1985; Kossoy et al. 1987;

Fetterolf and Rogers, 1990; Liu et aI. l99l).

Watson and Ma¡tin (1975b) reported that the absence of egg yolk in the freezing media

significantly reduced the PTM of ram spermatozoa frozen in straws. These workers

found that for spermatozoa frozen in a diluent containingT.SVo (v/v) glycerol the

presence of as little as 37o (v/v) of egg yolk in the diluent improved post-thaw motility

ftom 17.2 to 32.0Vo. In the experiments presented here, the low post-thaw motility of

sperinatozoa frozen in diluents without egg yolk and CS was simila¡ (23.9 to 34.9Vo) to

that reported by V/atson and Martin (1975b).

Immediately after thawing, the MOTPC of spermatozoa frozen in the diluent without egg

yolk but with glycine betaine (53 mM) was not different to that of the control diluent.

However, this MOTPC was not maintained during incubation time. The lack of effect of

the CS on the overall PTM characteristics of spermatozoafrozenin diluents without egg

yolk, suggests that egg yotk can not be substituted by CS in the freezing diluents.

Moreover, the low MOTPC of spermatozoafrozenin the diluent without egg yolk and

CS indicates that glycerol alone does not protect r¿rm sPennatozoa from the damaging

effects of freezing.

In experiment 4.1.1 the presence of the CS in diluents containing egg yolk resulted in a

better MOTPC during incubation compared with that of the control diluent, but not
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immediately after thawing. In contrast in experiment 4.1.2 a higher MOTPC was

observed immediately after thawing for spermatozoa frozen in egg yolk-containing

diluents and in the presence of CS than in their absence. It is difficult to explain the

difference in degree of response between these experiments. However, in experiment

4.1.1 the pH of the freezing media was 6.8 compared with pH 7.0 in experiment 4.2.

Since the motility of spennatozoa is generally thought to be largely independent of pH

over the range 5.5 to 8.5 (Lardy and Philips 1943; Blackshaw and Emmens 1951;

Bishop and rWalton 1960), this small difference may not alone be accountable for the

va¡iation in the response of spermatozoa to CS. However, other compounds, like

lecithin, have been reported to have a greater protective effect at pH 6.5 than at 7.2

@lackshaw 1954).

In experiment4.t.2 MOTPC of spermatozoa was better when frozen in the presence of

5Vo egg yotk (45.5Vo) than in its absence (33.27o). but was not different from that of

sperrratozoa frozen in diluents containing lOTo or ISVo eggyolk and no CS. However,

in the absence of CS the best MOTPC was obtained in the presence of. l5%o egg yolk in

the diluent. Salamon and Lightfoot (1969) found that in order to achieve reasonable

post-thaw survival the inclusion of t5vo egg yolk into the diluent was essential.

Incrcasing the level of egg yolk in the diluent to 20Vo reduced MOTPC immediately after

thawing and during incubation compared with that of the control diluent. This reduction

could be attributed to the action of egg yolk in enhancing the toxicity of dead

spermatozoa, perhaps by providing substrates for lipid peroxidation (Tosic and V/alton

1945, 1946; Shannon and Curson t972a).

The MOTPC of spermatozoa frozen in the presence of proline and 57o egg yolk,

immediately after thawing was similar to that of the control diluent, but was better

compared with that of semen frozen in the presence of the same level of egg yolk without

CS. Increasing the level of egg yolk (5-20Vo) in the diluents containing proline or

glycine had no effect on MOTPC. Although no significant difference between levels of

egg yolk was observed, the best MOTPC of spermatozoa frozen in the presence of

proline or glycine betaine was obtained in diluents containing líVo egg yolk.
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Considering that egg yolk is reported to provide substrates for lipid peroxidation, the

better MOTpC of spemratozoafrorenin diluents containing proline could be attributed to

the capacity of this compound to scavenge hydroxyl radicals (Smirnoff and Cumbes

1989). However, it is difficult to explain the better MOTPC of spermatozoa frozen in

the presence of glycine betaine on the same basis, since this compound is not an

antioxidant (Smirnoff and Cu¡nbes 1989).

The better PTM of ra¡ spermatozoa frozen in diluents containing egg yolk and the lower

concentrations of proline or glycine betaine (53 or 54 mM) compared with that of the

control diluent, indicates that these CS may be acting as cryoprotectants of ram

speÍnatozoa. The benefits of the lower concentrations tested in this experiment, a¡e in

contrast with those of V/ithers and King (1979) and Koskinen et ¿1. (1989), who

reported that high concentrations of CS were required in freezing media to improve the

post-thaw survival of cells. Koskinen et aI. (1989) reported that concentrations lower

than 2L7 mM of glycine betaine in the diluent, had no effect on the PTM of stallion

spermatozoa. However, in experiment 4.1.1 of the present study the higher

concentrations of CS tested (106 or 108 mM) gave no better responses than the lower

concentrations.

The mechanism of the cryoprotective action of egg yolk is poorly understood.

However, Watson (198la) outlined the following possibilities should be considered: 1)

chelation of Ca ions, 2) modification of lipid fluidity and hence phase separation events,

and 3) stabilisation of protein elements in the membrane lipid matrix. Several workers

have reported that egg yolk protects spennatozoa from cold shock (Blackshaw 1954;

Quinn et al. 1980; Watson 1981b). Holt et al. (1992) suggested that egg yolk may also

inhibit the deleterious effects of hyperosmotic salt solutions upon membrane structures

during freezing by interacting directly with membrane lipids. It is possible that the same

argument may account for the cryoprotective action of the CS on ram sperrnatozoa.

Proline and glycine betaine are reported to stabilise membrane structure and function

during freezing. Schobert (1977) suggested that both proline and glycine betaine can act

as amphiphiles, meaning that they have a polar end capable of hydrogen bonding to water
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molecules and a non-polar end which can interact directly with non-polar sites on the

surface of macromolecules. She proposed that the resulting H-bonding would tightly

bind the surrounding water to proline and, hence, to the protein, thus preventing protein

dehydration in the water stressed cell. In addition, Coughlan and Heber (1982)

suggested that the cryoprotective action of glycine betaine may be due to its ability to

directly interact with the membrane. This interaction may protect sensitive areas of the

cell from the freezing process or change membrane conformation producing more

resistant membranes. Similarly, Rudolph and Crowe (1985) reported that proline see¡ns

to inhibit membrane mixing during freezing and stabilises bilayers, preventing the

aggregation of intramembranous particles by interacting directly with membrane lipids

and altering their hydration state and phase behaviour. Rudolph et al. (1986) indicated

that proline and betaine interact with phospholipid by increasing the are¡of these

molecules in phospholipid monolayers, fluidising bilayers of small unilamellar vesicles,

and reducing the cooperativity of the gel to liquid phase transition in bulk solution.

Based on this evidence Rudolph and Crowe (1986) suggested that proline may stabilise

membrane components during low temperature sEess by acting as a molecular "spacer"

preventing deleterious lateral phase separation of membrane components. Therefore,

proline and glycine betaine may have interacted with the spenn membranes protecting

sperm cells from the severe stresses caused by the complex water-solute interaction that

arise through the crystallisation of water molecules and the generation of hyperosmotic,

unfrozen pockets of high solute concentration during freezing.

The results obtained in experimen¡ 4.1.2 show that the level of egg yolk in diluents for

freezing r¿tm spermatozoa can be reduced without affecting the post-thaw motility

characteristics of ram spermatozoa as assessed by the ÍITM. Further, the addition of CS

to diluents containing 5 or l0 Vo egg yolk resulted in a MOTPC similar to that of the

control diluent. rWatson and Martin (L976c) reported that the presence of egg yolk in a

glucose-fructose-phosphate buffer significantly reduced the fertility of ram spermatozoa

used for artificial insemination immediately after dilution. Shanon (1973) found similar

results with bovine spermatozoa. He reported that the fertility of bovine spermatozoa
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stored at ambient temperature increased when the level of egg yolk in a Caprogen diluent

was reduced from 2O to 57o. More recently, Bielfeld et al. (1990) suggested that egg

yolk accelerates the acrosome reaction, and this may not be desirable specially when

frozen-thawed spermatozoaüeinseminated into the cervix. As spermatozoa could be in

a more mature state of capaciøtion/acrosome reaction, and may be incapable of fertilising

if they have been furttrer "aged" in the reproductive tract of the ewe. A reduction in the

level of egg yolk in the fteezing diluent may help to minimise its toxic effects on

spermatozoa and/or improve fertility after a¡tificial insemination.

The ultrastructural, biochemical and functional changes caused by the freezing and

thawing of ram semen are accompanied by a reduction in motility, impaired transport and

decreased viabitity of spermatozoa in the female genital tract (Salamon and Maxwell

1995b). Thus, the better MOTPC, PROGPC and RAPPC of spermatozoa frozen in the

proline- or glycine betaine-containing than in the control diluent observed in these

experiments may contribute to an improvement in the fertility of frozen-thawed

spermatozoa.



4.2 Effect of Proline and Gtycine Betaine on the Post-Thaw Motility

Characteristics of Ram Spermatozoa Frozen in Diluents with Varying

Levels of GlYcerol

Introdrction

The successful cryopreservation of cells and tissues depends upon the inclusion of

cryoprotectants in the freezing media. However, their cryoprotective activity is limited

by the toúcity of these agents at high concentrations. The compatible solutes proline

and glycine betaine which are non-toxic at high concentrations @rown and Simpson

1972; Somero 1986), are reported to be cryoprotective (Withers and King 1979'

Coughlan and Heber L982;Franks 19Sl). Furthermore, several workers have reported

that proline and glycine betaine protect membranes during freezing and thawing better

than traditional cryoprotectants such as dimethyl sulfoxide and glycerol (Withers and

King 1979; Coughlan and Heber 1982; Rudolph and Crowe 1985).

Glycerol has been used in diluents for freezing spermatozoa since Polge et al. (1949)

reported the benefits of this cryoprotectant in preserving the motility of frozen-thawed

fowl spermatozoa. However, it has been demonsEated that glycerol may be detrimental

to spennatozoa of several species (Watson lg7g),including the ra¡n (V/atson and Martin

1975b; Slavík 1987;Abdelhakeam 1991a). Considering that glycerol may be toxic to

spermatozoa and may affect their fertilising capacity, a reduction in the concentration of

this cryoprotectant in the diluents for freezing spermatozoa oÍ the use of alternative

cryoprotective agents may help to improve the survival and/or fertility of cryopreserved

spermatozoa.

The following experiments were conducted to see whether proline and/or glycine betaine

improved the motility ram spermatozo frozen in diluents containing various levels of

glycerol.



123

Materials and ¡netlnds

Experiment 4.2.1examined the effect of proline (0, 54 and 108 rnNI) and glycine betaine

(0,53 and 106 mlvl), with and without glycerol (5Vo vlv) on the PTM characteristics of

fam spefmatozoa. Experiment 4.2.2 exarnned glycerol (O, 1,2,3, 4, 5Vo), with and

without proline (54 mM), or with and without glycine betaine (53 mM) in experiment

4.2.3. All the diluents were tris-based, contained egg yolk (l5Vo v/v) and were

adjusted to pH 6.67 inexperiment 4.2.L ot pH 7.0 in experiments 4.2.1 and4.2.3).

Two consecutive ejaculates per ram were collected by artificial vagina from the

Martindale Merino rams (n=6) in experimerft 4.2.1and from the Deniliquin Merino rams

(n=3) in experiments 4.2.2 and4.2.3. Ejaculates were divided as required and diluted

l:4 (semen:diluent) with one of the diluents specified above, cooled to 5 "C in 2h, and

pellet-frozen. Th¡ee pellets per r¿lm per treaünent were thawed and semen assessed with

the HTM, after incubation for 0, 3, 6 or t h in experiment 4.1.1, or 0, 4 or 8 h. in

experiment 4.1.2.

Results

The level of glycerol in the diluents, and time of incubation influenced all the PTM

cha¡acteristics of ram spennatozoa (P<0.001). The presence of CS in the diluents

containing glycerol improved some of PTM cha¡acteristics of spermatozoa. The higher

concentrations of CS tested were either not better or less effective than the lower

concentrations. However, the combination of proline and glycine betaine in the egg

yolk-containing diluents significantly reduced some of the PTM characteristics of

spermatozoa (P<0.001). Results pooled for incubation time for experiment 4.2.1 a¡e

presented in Tables 4.2.1.1-7, for experiment 4.2.2 in Tables 4.2.2.1-l-9, and for

experiment 4.2.3 in Tables 4.2.3.L-4.2.3.8. Changes in the post-thaw motility

characteristics during post-thaw incubation are presented in Figs. 4.2.L 1-3, Figs.

4.1.2.I and Figs. 4.1.2.t-3 for experiments 4.2.L,4.2.1, and 4.2.3 respectively.
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4.2.1 Effect of Proline and/or Glycine Betaine on the Post'Thaw

Motility Characteristics of Ram Spermatozoa Frozen in the Presence or

Absence of GlYcerol

Results

The MOTPC (Table 4.2.1.1), PROGPC (Tabte 4.2.t.2) and RAPPC ( 4.2.1.3) of

spennatozoa weÉ lower when frozen in the absence than in the presence of glycerol

(P4.001). The inclusion of CS to the glycerol-free diluents had no effect on MOTPC

(Fig. 4.2.L.1a), PROGPC (Fig. 4.2.t.2a), or RAPPC (Fig. 4.2.1.3a). In contrast, the

MOTPC, PROGPC, and RAPPC of spennatozoa weø higher when frozen in the

presence of glycerol and the lower concentration of proline and glycine betaine than in

the control diluent (P<0.001). However, as the concentration of CS in the freezing

diluents increased, MOTPC, PROGPC and RAPPC were significantly reduced

(P<0.001, quadratic). Regardless of the diluent in which the semen was frozen,

MOTPC (Fîe. a.2.1), PROGPC (Fig. a.2.2) and RAPPC (Fig. 4.2.3) declined during

incubation (P<0.001).

Table 4.2.1.1 Effect of glycerol and compatible solutes concentration in the diluent on the mean

MOTPC of ram spermatozoa during post-thawing incubation.
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47.6
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tt.4
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10.6
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0
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0
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Each value is the mean of
different (P<0.01).

tf observations, means different by more than 13.2 would be significantly
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Effect of glycerol and compatible solutes concentration in the diluent on the mean

RAPPó of ram spenlatozoa during post-thawing incubation'
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The MODPC (Table 4.2.I.4), mean LIN (75.3 vs.70.87o), STR (84.9Vo vs. 80.6),

vAP (Table 4.2.1.5), VSL (Table 4.2.1.6), VCL (Table 4.2.1.7) and ALH (4.3 vs.

3.6) of spennatozoa were better when frozen in the presence than in the absence of

glycerol (P<0.001). The addition of the lower concentration of CS to the glycerol-

containing diluents improved MODPC (P<0.001), but as the concentration of CS in the

diluent increased MODPC, LIN, STR, VAP, VSL, VCL and ALH were significantly

reduced (P<0.001).
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Table 4.2.1.4 Effect of glycerol and compatible solutes concentration in the diluent on the mean

MODPC of ran spermatozoa druing post-thawing incubation'
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0
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Each value is the mean of 74 observations, means different by more than 6.6 would be significantly

different (P<0.01).

Table 4.2.1.5 Effect of glycerol and compatible solutes concentration in the diluent on the mean

VAP of ran spermatozoa during post-thawing incubation (Urt/sec)'

62.8
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0
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5
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Each value is the mean of ?(observations, means different by more than 20.0 would be signifrcantly

different (P<0.01).

Table 4.2.1.6 Effect of glycerol and compatible solutes concentration in the diluent on the mean

VSL of ran spennatozoa during post-tharving incubation (lt¡n/sec).
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Table 4.1.1.7
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Effect of glycerol and compatible solutes concentration in the diluent on the mean

VCL of ram spermatozoa during post-tha\iling incubation (F,m/sec)'
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4.2,2 Effect of Proline and levels of Glycerol on the Post'Thaw Motility

characteristics of Ram spermatozoa Pellet-Frozen

Results

The MOTPC (Table 4.2.2.1),PROGPC (Table 4.2.2.2) and RAPPC (Table 4.2.2.3) of

spermatozoa \Ã/e(C lower when frozen in the absence than in the presence of glycerol

(P<0.001), while increasing the level of glycerol significantly improved MOTPC'

PROGPC and RAPPC (P<0.001; quadratic). In the presence of glycerol, MOTPC of

spermatozoa was better in diluents containing 54 mM than 81 mM proline or in the

control diluent (P<0.001; Fig. a.2.2.L). However, proline had no effect on PROGPC

or RAPPC.

Table 4.2.2.1Effect of glycerol and proline concentration in the diluent on the mean MOTPC of ram
spermatozoa during post-thawing incubaúon.
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Each value is the mean of 27 observations, means different by more than 7.8 would be significantly
different (P<0.01).

Table 4.2.2.2 Effect of glycerol and proline concentration in the diluent on the mean PROGPC of
ram spermatozoa during post-thawing incubation.
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Table 4.2.2.3 Effect of glycerol and proline concentration in the diluent on the mean RAPPC of
raÍi spermatozoa during post-thawing incubation.
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The absence of glycerol in the diluent resulted in a lower MODPC than in its presence

(p<0.001; Table 4.2.2.4), increasing the level of glycerol significantly improved

MODPC (P<0.001, quadratic). Proline had no effect on MODPC, and there was no

interaction between glycerol and proline.
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Table 4.2.2.4 Effect of glycerol and proline concentration in the diluent on the mean MODPC of
-ram 

spermatozoa during post-thawing incubation.

Tsble 4.2.2.6 Effect of glycerol and proline concentration in the diluent on the mean VAP of rart
spermatozoa during posþthalving incubation (Ur/sec).

Each value is the mean of 2? observations, means different by more than 7.3 would be significantlY

different (P<0.01).

The level of glycerol and CS in the diluent had no effect on the mean LIN of

spennatozoa. STR was higher when frozen in the Presence than in the absence of

glycerol (p<0.001; Tabte 4.2.2.5). Proline had no effect on STR , and there was no

interaction between the level of glycerol and the CS.

Teble 4.2.2.5 Effect of glycerol concentration in the diluent on the mean on the STR of ram

sperrratozoa during post-thawing incubation (¡rn/sec)'

Each value is the mean of 81 observations, means different by more than 9'6 would be significantly

different (P<0.01).

A lower VAP (Tab\e 4.2.2.6), VSL (Table 4.2.2.7), and VCL (Table 4.2.2.8) was

observed for spermatozoa,frozen in diluents without than with glycerol (P<0.001).

Increasing the concentration of glycerol in the diluent improved VAP, VSL and VCL

(P<0.001, quadratic). The concentration of proline had no effect on VAP, VSL or

VCL.
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Tsble 42.2.7 Effect of glycerol and proline concentration in the diluent on the mean VSL of ran
spermatozoa druing post-thawing incubation (tt¡/sec)'

Table 4.2.2.8 Effect of glycerol and proline concentration in the diluent on the mean VCL of ram

sperrratozoa during post-tha\rying incubation (ttm/sec)'
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The ALH of spermatozoa was higher for spermatozoa frozen in the presence than in the

absence of glycerol (P<0.001, quadratic; Table 4.2.2.10). The presence of proline in

the diluent had no effect on ALH.

Table 4.2.2.10 Effect of glycerol concenEation in the diluent on the mean ALH of ram
sperantozoa (¡r"m).

4.94.94.74.84.33.8

543210

GlycerolVo

Each value is the mean of 81 observations, means different by more than 0.7 would be significantly
different (P<0.01).



4.2.9 Effect of Glycine Bet¿ine and levels of Glycerol on the Post-Thaw

Motitity Characteristics of Ram Spermatozoa Pellet'Frozen

Results

The MOTPC (Table 4.2.3.1), PROGPC (Table 4.2.3.2) and RAPPC (Table 4.2.3.3) of

spermatozoa víeru higher when frozen in the presence than in the absence of glycerol

(P<0.001), increasing the level of glycerol significantly improved MOTPC, PROGPC

and RAPPC (P<0.001; quadratic). MOTPC of spermatozoa aftet freezing in diluents

containing 53 mM glycine betaine and4Vo or 5Vo gþerol than in the control diluents, but

MOTPC was significantly reduced in the presence of the highest concentration of the CS

(P<0.001; Fig. 4.2.3.1). The presence of 53 mM glycine betaine in the diluents

containing 3Vo or 57o glycercl significantly improved PROGPC (Fig. a.2.3.2d, f) and

RAPPC (Fig a.2.3.3d, Ð of spermatozoa compared with that of semen ftozen in the

control diluent (P<0.001). However, PROGPC (Fig. a.2.3.2) and RAPPC (Fig.

4.3.2.3) of spermatozoawwt lower when semen was frozen in the diluents containing 2

to 57o glycerol and in the presence of 81 mM glycine betaine than in the other diluents

(P<0.00r).

Table 4.2.3.1 Effect of glycerol and glycine betaine concentration in the diluent on the mean MOTPC
of ram spêrmatozoa druing post-thawing incubation.
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Each value is the mean of 27 observations, means different by more than 8.4 would be significantly
different (P<0.01).

Table 4.2.3.2 Effect of glycerol and glycine betaine concentration in the diluent on the mean
PROGPC of ram sperÍratozoa during post-thawing incubation.

2t.0
27.0

17.8

2t.7
20.9

t3.3

t7.3

21.5

19.0

18.8

t9.4

13.2

13.5

11.0

13.0

2.9

5.2

3.6

0

53

8l

543210

Glycine betaine

(mM)

Glycerol (7o)

Each value is the mean of 27 observations, means different by more than 3.3 would be significantly
different (P<0.01).



t34

b
70

60

s's0
u40À
bro
ãzo

l0

0

70

60

s'50
'.4O
ê.

bro
Ezo

l0

0

*
*

¡1.

70

60

s'50
u40
O.

5ro
Ezo

t0

0

rl.

*

c

*

70

60

s50
tr40
ê.

bro
2zo

l0

0

*

*

70

ó0

G'50
rt 40
o.

5ro
2zo

t0

0

*

e
70

60

s's0
r'40
X
5ro
Ezo

l0

0

a

012345618
Incubation time (h)

012345678
Incubation time (h)

01234s678
Incubation time (h)

d

012145678
Incubation time (h)

* f

01234567 8 01234 5678
Incubation time (h) Incubation time (h)

Fig. 4.2.3.1 Changes in the MOTPC of ram spematozoa during post-thalving incub¿tion 
^t 

37"C
following freezing and thawing in the presence of 0 (a), I (b), 2 (c),3 (d), 4 (e) or 5Vo (f) glycerol in a

ris glucõse-citricãci¿ diluent (tr), anôin this diluent containing 53 nlM (A), or 81 nlM glycine betaine

(V). Each point is the mean of 9 observations wilh s.e.m. shown by the vertical lines. {'P<0.01.

Table 4.2.3.3 Effect of glycerol and glycine betaine concentration in the diluent on the mean

RAPPC of ram spermatozoa during Post-thawing incubation.

22.5

29.4

18.9

23.8

22.9

t4.t

18.7

23.2

20.4

20.1

20.5

13.4

14.3

L2.0

13.3

3.r

5.5

3.7

0

53

81

5432I0

Glycine betaine

(mM)

Glycercl(Vo)

Each value is the mean of 27 observations, means different by more than 4.1 would be significantly
different (P<0.01).
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ßig.4.2.3.2 Changes in the PROGPC of ram spermatozoa during post-thawing incubation at 37"C

following freezing and thawing in the presence of 0 (a), 1 (b), 2 (c),3 (d)' 4 (e) ot 5Vo (f) glycerol in a
tris glucõse-ciUcì'ci¿ diluent (tr), and in this diluent containing 53 mM (A), or 81 mM glycine betaine

(V). gach point is the mean of 9 observations with s.e.m. shown by the vertical lines. * P<0.01
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Fig. 4.2.3.3 Changes in the RAPPC or ram spennatozoa during post-thawing incubation at 37oC
following freezing and thawing in the presence of 0 (a), I (b), 2 (c), 3 (d), 4 (e) or 57o (fl glycerol in a

tris glucose-citic acid diluent (tr), and in this diluent containing 53 mI\,Í (A), or 81 mM glycine betaine
(Y). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. * P<0.01

MODPC (Table 4.2.3.4), VAP (Table 4.2.3.5), VSL (Table 4.2.3.6), VSL (Table

4.2.3.7) andALH(Table 4.2.3.8) of spermators¿q4lûlowerwhenfrozenintheabsence

than in the presence of glycerol (P<0.001). Increasing the concentration of glycerol

improved MODPC, (P<0.001, quadratic) but had no effect on VAP, VSL, VCL or

ALH. The presence of glycine betaine (53 mM) in the diluent containing 4Vo glycerol

resulted in a significant higher MODPC comprred with that of spermatozoafrozenin the

control diluent (P<0.001). In contrast the presence of 8l mM glycine betaine in the

diluent containing 5Vo glycerol reduced MODPC (P<0.001). Neither mean LIN nor
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STR of spergratozoa were influenced by the level of glycerol or glycine betaine in the

diluent.

on the mean

Each value is the mean of 2? observations, means different by more than 5.3 would be signifrcantlY

different (P<0.01).

Table 4.2.3.4 Effect of glycerol and glycine betaine concentration in the diluent

MODPC óf ram spernatozoa during post-thawing incubation'

Effect of glycerol and glycine betaine concentration in the diluent on the mean

VAP of ramìpemtatozoa during post-thawing incubation (Pm/sec).

Table 4.2.3.6 Effect of glycerol and compatible solutes concentration in the diluent on the mean

VSL of ran sPennatozoa druing post-thawing incubation (¡tm/sec).

Table 4.2.3.7 Effect of glycerol and glycine betaine concentration in the diluent on the mean VCL
of ram spennatozoa during post-tharrying incubation (¡ur/sec).

ttz.3
r02.9

101.4

Ltz.5

88.7

89.0

101.4

93.7

99.0

103.0

98.2

9r.3

101.0

85,7

85.6

67.6

82.9

81.7

0

53

8l

5432I0

Glycine betaine

(mM)

Glycerol (7o)

Teble 4.2.3.5

91.0

82.r

82.0

90.6

7r.l
70.2

81.9

75.9

79.0

83.4

78.7

73.6

81.3

68.2

68.5

54.4

65.6

63.1

0

53

8r

5432I0

Glycine betaine

(nM)

Glycerol(7o)

Each value is the mean of 27 observations, means different by more than 20.0 would be significantly

different (P<0.01).

82.3

73.0

74.7

81.4

63.0

63.3

74.2

68.4

71.0

76.0

7t.7
66.9

73.9

60.8

62.0

48.4

60.1

56.9

0

53

81

5432I0

Glycine betaine

(mM)

Glycerol(Vo)

Each value is the mean of 27 observations, means different by more than 19.8 would be signifrcantly
different (P<0.01).

Each value is the mean of 27 observations, means different by more than22/ would be significantly
different (P<0.01).

t2.l
16.8

tL.4

13.8

20.r

11.4

13.6

r6.6

11.8

r3.1

14.2

10.6

10.5

tI.2
10.9

3.3

5.4

3.6

0

53

81

5432I0

Glycine betaine

(mIvf)

Glycerol (7o)
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Table 4.2.3.t Effect of glycerol concentration in the diluent on the mean ALH of ram spennatozoa
during post-thawing incubation (Fm).

4.94.94.74.84.33.8

5432I0

GlycerolTo

Each value is the mean of 81 observations, means different by more than 0.7 would be significantly
different (P<0.01).

Discussion

The cryopreservation process is reported to have deleterious effects on the PTM

cha¡acteristics of spennatozoa. However, these effects can be significantly reduced by

the presence of a cryoprotectant in the freezing solution. In the experiments presented

here, the absence of gþerol was detrimental to most of the PTM characteristics assessed

by the HTM. These results for ram spermatozoa are similar to those reported by

Hammit et aI. (1988) for human spermatozoa, who found that the values of ALH, VSL

and MOTPC of cryopreserved human spermatozoa were low in the absence of glycerol,

and that higher values were observed when the concentration of glycerol in the diluent

increased.

The low post-thaw motility of spermatozoa frozen in the absence of glycerol observed in

these experiments is simila¡ to that reported by Salamon (1968, l97O), V/atson and

Martin (1975b) and Molinia et aI. (1994a,b, c). The presence of as little as l%o of

glycerol in the diluents was sufficient to improve MOTPC of spermatozoa from 9.7 to

19.5 Vo in experimeit 4.2.2 and from 6.4 to 24.8Vo in experimeît 4.2.3. Salamon

(1963) found that the addition of LVo glycerol to the freezing diluent improved the post-

thaw motility of pellet-frozen ram spermatozoa from 6.6 to t9.07o. lÙ'{loti¡ia et al.

(1994b) observed that increasing the level of glycerol from 0 to t.57o in the diluent

significantly improved MOTPC of frozen-thawed ram spermatozoa from 5.8 to 2O.2Vo.

In the present experiment, MOTPC increased with concenEation of gþerol in the diluent

(Table 4.2.2.1,J, and 4.2.2.2.1), but no additional improvement in MOTPC was

observed for spermatozoafrozen in diluents containing more than 2Vo glyceroL. These
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results agreewith those reported by other workers, who have found no difference in the

MOTPC of ram spermatozoa frozen in diluents containing from 2 to 6Vo glycerol

(Lightfoot and Salamon 1969; Sala¡non 1970; Colas 1975; Watson and Martin 1975;

Molinia et al.l994b).

The PTM cha¡acteristics of spermatozoa were not influenced by the presence of proline

or glycine betaine in diluents without glycerol. Despite the low MOTPC of spermatozoa

frozen in the presence of proline immediately after thawing, MOTPC was maintained at

the sa¡ne levels for up to 4 h after thawing (Fig. 4.2.2.1.Ia). Post-thaw motility of

spennatozoa frozen in diluents containing as little as 27o glycerol was better in the

presence of 54 mM than no proline (Fß. a.2.2.1.1c). However, this MOTPC was not

different from that in diluents containing 5Vo glycerol and no proline. The presence of

54 mMproline in the diluents containing higher levels of glycerol was also beneficial to

MOTPC. In contrast, glycine betaine (53 mM) only improved the MOTPC of

spermatozoa frozen in diluents containing 4 or 5 7o glycerol The higher concentrations

of proline and glycine betaine tested in these experiments were not better than the lower

values (Tables 4.2.L.L,4.2.2.I,4.2.3.1) or were detrimental to the PTM cha¡acteristics

assessed by the HTM. These results from experiment 4.2.2.2 contrast with those

reported by Koskinen et aI. (1989) who found that concentrations of up to 200 mlrd of

glycine betaine were required for the successful freezing of stallion spermatozoa.

Glycerol may enter into the lipid bilayer of sperm membranes causing a disordering in

the acyl side chains (Hammerstedt et aI. 1990). Therefore, the better MOTPC of

spermatozoa frozen in diluents containing the lower concentrations of CS (53 mM or 54

mM) and glycerol compared with the control, may be explainedby the ability of glycerol

to modify membranes, this may have allowed proline and glycine betaine to interact with

the sperm membranes and protect them from the freeze-thaw stress. Coughlan and

Heber (1982) reported that the cryoprotection of spinach thylakoids by glycine betaine

was enhanced by the presence of glycerol in the freezing media.

Glycerol toxicity and/or deleterious effects of this agent can be avoided by reducing its

concentration in the diluent (Critser et aI. 1988). 'Watson and Martin (1975b) found
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that, while the survival of ram spermatozoa uras better as the concentration of glycerol in

the freezing diluent increased, the acrosome damage was significantly grcater in the

presence of this agent, and that the degree of acrosome disruption was greater in the

presence of 7.5 than2.S%o glycerol. Slavík (1987) also reported ttrat glycerol accelerated

the induction of the acrosome reaction of freshly ejaculated spermatozoa. He found that

glycerol-treated ra¡n spermatozoa showed high penetration rates of denuded hamster eggs

afrer incubation for 30 min, and that longer periods of storage induced a gradual decrease

of penetration activity. This acceleration of the acrosome reaction of ram spermatozoa by

glycerol could be the reason for low conception rates after cervical insemination with

frozen-thawed ram semen. Thus, it is possible that glycerol-treated spermatozoa as

occurs in AI programs could either achieve the acrosome reaction during their passage

though the female tract, probably in a reservoir of the female genital tract even before

owlation or could be released as fully acrosome-reacted. The results obtained in the

experiments presented here indicate that the concentration of glycerol in the diluent can be

reduced from 5Vo to 2 Vo without affecting post.thaw motility characteristics of

spermatozoa. Moreover, results similar to those of the control were observed for

spermatozoa frozen in diluents containing proline (54 mM) and2Vo glycerol. Lower

penetration rates of glycerol-treated human spermatozoa have also been reported.

Jeyendran et al. (1985b) found that glycerol improved the cryosurvival of human

spermatozoa, but observed no significant differences in the penetration rates of denuded

hamster oocytes between spermatozoa frozen in the presence or absence of glycerol.

Salamon (1970) suggested that since r¿lm spermatozoa can be frozen in the presence of

low concentrations of glycerol, it might be possible to further reduce or exclude this

agent for freezing spermatozoa. Recently, Abdelhakearn et aI. (l99La) reported a6O.4Vo

PTM of ram semen frozen in a glycerol-free diluent containing maltose and egg yolk.

These workers reported a larnbing rate of 52Vo atter double cervical insemination with

large amounts (0.5 or 1.0 mL) of semen frozen in such a diluent.

The results obtained in the experiments conducted in this study, and in those reported in

the liærature, indicate that although glycerol may be toxic to spermatozoa and may reduce
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thei¡ fertilising capacity, the presence of this agent in diluents for freezing ram semen by

the pellet method is required in order to obtain satisfactory post-thaw survival of

spenîatozoa. However, survival of spermatozoaatlevels similar to that of spermatozoa

frozen in the control diluent can be achieved by reducing the concentration of glycerol to

2Vo and by adding proline (54 mM) to the freezing diluent. Jeyendran et al. (1985a)

suggested that spennatozoa develop a glycerol dependence, and that removal of glycerol

from the surrounding medium, as occurs when spermatozoa pass through the cervix,

reduces the motility of spennatozoa. Therefore, a reduction in the concentration of

glycerol in the diluent may help to reduce the deleterious effects of this agent, and thus

improve the fertilising capacity of frozen-thawed ram spermatozoa used in a¡tificial

insemination programs by a reduction in both the loss of motility of spermatozoa and in

the proportion of spermatozoa that undergo the acrosome reaction during the passage

through the female genital tract.



4.3 Effect of Concentrations of ProlÍne and Glycine Betaine on the

Post-Thaw Motility Characteristics of Ram Spermatozoa

Introdtrction

Several workers have reported that the cryoprotective activity of compatible solutes is

enhanced as the concentration of the solute in the freezing medium is increased.

Koskinen et at. (L989) found that the presence of 2t3 rnl,Ã (2.57o, w/v) glycine betaine

in the freezing diluent significantly improved the post-thaw survival of stallion

spermatozoa compared with that of spennatozoa frozen in the presence of lower

concentrations of glycine betaine. These results contrast with those obtained with ram

spermatozoa (experiments 4.1.1 arrd 4.2.I), where the presence high concentrations of

proline (108 mM) or glycine betaine (106 mM) in the freezing media resulted in no better

cryoprotection than the lower concentations and in some cases were even less effective.

Therefore, the following experiment was conducted to test the effect of lower

concentrations of proline and glycine betaine on the post-thaw motility characteristics of

ram spermatozoa.

Materials and methods

A factorial experiment examined the effect of four concentrations of proline, and of

glycine betaine (0,27,54, and 8l mM) ram spermatozoa.
Altd¡lupr^k woro lis-ba¡¿4 o^¡cl, r¡,¡þ.i orol tsZYlv\.
Two consecutive ejaculates per ram vagina from the

Martindale Merino rams (n=18). Ejaculates were divided into 16 parts, diluted with one

of the diluents specified above, then cooled to 5"C in 2h, and pellet-frozen. Three

pellets per ram per treatment (n=18) were thawed and semen analysed with the HTM,

after incubation at 37oC for 0, 3, 6 or t h.
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Results

Both incubation time and the presence of the compatible solutes in the diluent influenced

most of the PTM cha¡acteristics of spermatozoa. The combinations of both CS in the

diluents were either no better or less effective than the lower concentrations of individual

CS. Results pooled for incubation time are presented in Tables 4.3.1-10, and results

showing the effect of proline and glycine betaine during incubation are Presented in Figs.

4.3.1-4.

The MOTPC (Table 4.3.1), PROGPC (Table 4.3.2) and RAPPC (Table 4.3.3) of

sperrnatozoa w higher when frozen in diluents containing CS (54 mM) than in their

absence (P<0.001). However, the presence of both CS at the highest concentration

tested (81 mM) significantly reduced MOTPC, PROGPC and RAPPC in comparison

with the lowest concentration (27 mM) (P<0.001). Regardless of the diluent in which

spefrnatozoa were frozen MOTPC (Fig. a.3.1), PROGPC (Fie. 4.3.2) and RAPPC

Gie. a3.2) declined during incubation (P<0.001).

Table 4.3.1 Effect of proline and glycine beøine concentration in the diluent on the mean MOTFC
of ram spermatozoa during post-thawing incubation.

45.7

43.8

35.6

28.0

45.6

46.1

47.0

34.0

s2.8

45.3

47.6

43.2

37.6

49.6

50.1

47.2

0

27

54

81

8154270

Proline

(rnM)

Glycine betaine

Each value is the mean of 72 observations, means different by more than 7.9 would be significantly
different (P<0.01).
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Incubation time (h) Incubation time (h)

Fig. 4.3.1 Changes in the MOTPC of ram spermatozoa during post-thawing incubation at 37"C
following freezing and thawing in a tris glucose-citric acid dih¡ent containing egg yolk, glycerol and 0
(E), 27lo), S¿ (f ) or 81 (O) mM proline (Fig 4.3.1a), or 0 (tr), 27 (<)' 54 (A) or 81 (V) mM
glycine betaine (Fig. 4.3.1b). Each þoint is the mean of 18 observations with s.e.m. shown by the

vertical lines. * P<0.01.
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Table 4J2 Effect of proline and glycine betaine concentation in the diluent on the mean PROGPC

of ram spermatozoa during post-tha\iling incubation.

17.5

16.9

t3.2

8.0

18.8

r8.0

r9.8

11.9

22.0

t7.0

17.9

14.8

t4.4

t9.4

19.4

18.8

0

27

54

81

8154270

Proline

(mM)

Glycine betaine (nM)

Each value is the mean of 72 observations, means different by more than 4'l would be signifrcantly

different (P<0.01).
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Fig. 43.2 Changes in the PROGPC of ran spennatozoa during post-thawing incubation 
^t 

37"C

foliowing freezing-and thawing in a tris glucose-õitric acid diluent containing egg yolk, glycerol and 0

(E),27 io), S¿ Il) o. 8l (Õ) mM proline (Fie 4.3.2a) or, 0 (E), 27 (<),54(A) or 81 (V) mM
gtyãinr U"t"ín" (Fig. a.3.2b). Eactr point is thJmean of 18 observations with s'e.m. shown by the

vertical lines. * P<0.01.
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Table 4.3.3 Effect of proline and glycine betaine concentration in the diluent on the mean RAPPC of
raÍr spermatozoa during post-thawing incubation.

18.5

17.8

14.0

8.2

20.1

19.2

2t.0
t2.5

23.6

18.4

19.0

15.6

15.2

20.7

20.6

20.0

0

27

54

81

8154270

Proline

(mM)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 7.9 would be significantly
different (P<0.01).
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The MODPC (Table 4.3.4), mean LIN (Table 4.3.5) and the VAP (Table 4.3.6) of

spermatozo à weçølower in the presence of the highest concentration of proline and

glycine betaine than the lower concentrations (P<0.001). In contrast, STR was not

affected by the presence of CS in the diluents. The VAP of spermatozoa frozen in

diluents containing either proline or glycine betaine was better immediately after thawing

than in the control diluent. However, the improvement was not maintained during

incubation (P<0.001; Fig. 4.3.4a, b).

Table 4.3.4 Effect of proline and glycine betaine concentration in the diluent on the mean MODPC
of ra¡n spermatozoa during post-thawing incubation.

27.2

25.9

2r.7

19.7

25.4

26.8

26.0

2t.5

29.2

26.9

28.5

27.6

22.5

28.8

29.5

27.2

0

27

54

81

8154270

Proline

(mM)

Glycine betaine

Each value is the mean of 72 observations, means different by more than 5.9 would be significantly
different (P<0.01).

Table 4.3.5 Effect of proline and glycine betaine concentration in the diluent on the mean LIN of ram
spermatozoa during post-thawing incubation.

Fig. 4.3.3 Changes in RAPPC of ram spematozoa during post-thalving incubation at llc following
teiang and tha:wing in a tris glucose-citric acid diluent with egg yolk, gly-cerol containing O (E),27
(a),54-(f) or 81 (O) mM proline @g 4.3.3a), or 0 (tr), 27 (<),54 (A) or 8l (Y) mM glycine betaine

ffiC. ¿.g.¡ú1. Each-point-is the meãn of 18 observations with s.e.m. shown by the vertical lines. *

P<0.01.
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Each value is the mean of 72 observations, means different by more than 3.1 would be significantly
different (P<0.01).
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Table 4.3.6 Effect of proline and glycine betaine concentration in the diluent on the mean VAP of rart
sp€rmatozoa during post-thawing incubation (¡rr/sec).

73.8

73.6

69.3

61.5

78.1

76.7

79.6

68.2

79.8

74.9

75.5

70.1

72.t

77.8

76.2

76.2

0

27

54

81

8154270

Proline

(nM)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 8'3 would be
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Fig. 4.3.4 Changes in the VAP of ram sperrnatozoa during post-thawing incubation at 37"C

foliowing freezing ind ttrawing in a tris glucose-citric acid diluent containing egg yqk,_Slycerol and, 0

(E),27 ö), S¿ (i) or 8l (O) mM protine (Fig 4.3.4a), or 0 (tr), 27 (<),54 (A) or 81 (V) mM glycine

ù"øn" þig. +3.+61. Eactr poinfis the mean of 18 observations with s.e.rr. shown by the vertical

lines. * P<0.01.

The post-tharry VSL (Table 4.3.7) and VCL (Table 4.3.8) for spermatozoa frozen in

diluents containing the lower concentrations of proline and/or glycine betaine was

slightly but not significantly higher compared with that of spermatozoa frozen in the

control diluent. However, the presence of both compatible solutes in the diluents at the

higher concentrations tested, significantly reduced VSL compa¡ed with that of the other

diluents (P<0.001).

Table 4.3.7 Effect of proline and glycine betaine concentration in the diluent on the mean VSL of
ram spermatozoa during post-thawing incubation (ttm/sec).

64.8

64.5

60.7

53.4

68.5

67.4

70.2

59.6

69.7

65.2

66.3

6r.4

63.6

68.4

66.7

68.6

0

27

54

8l

8l54270

Proline

(mM)

Glycine betaine

1

r

I

Each value is the mean of 72 observations, means different by more than 8.0 would be signifrcantly
different (P<0.01).
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Table 4.3.8 Effect of proline and glycine beøine concentraúon in the diluent on the mean VCL of ram
spennatozoa during post-thawing incubation (pr/sec).

97.2

96.9

92.1

82.6

103.0

100.2

103.3

90.1

lM.1
98.4

too.2

91.8

97.r

102.5

100.8

103.7

0

27

54

8l

8l54270

Proline

(mI\{)

Glycine betaine

Each value is the mean of 72 observations, means different by more than 9.4 would be significantly
different (P<0.01).

The ALH of spermatozoafrozen in the presence of the lower concentrations of CS was

not significantly different from that in the control diluent. However, ALH was

significantly reduced in the presence of both CS (81 mM) (P<0.001; Table 4.3.9).

Table 4.3.9 Effect of proline and glycine betaine concentration in the diluent on the mean ALH of
ram spennatozoa during post-lhawing incubation (¡tm).

4.6

4.5

4.5

4.1

4.8

4.7

4.7

4.2

4.9

4.7

4.7

4.4

4.6

4.9

4.8

4.9

0

27

54

81

8l54270

holine
(lr'M)

Glycine betaine (mM)

Each value is the mean of 72 observations, means different by more than 0.4 would be significantly
different (P<0.01).

Discussion

The cryoprotective action of the compatible solutes upon ram spermatozoa reported in

previous experiments (4.1 and 4.2), was also found in the present experiment.

However, it was observed that the improvement in post-thaw motility of spermatozoa in

diluents containing the lower concentration of CS was not maintained with the higher

concentrations of CS. The concentrations of proline used in the diluents in previous

experiments (4.1 and4.2) were at least 2000 times higher than those in bull semen

(Sexton et al. L97l} but were still appreciably less than the values of benveen 0.1 M and

I M found in stressed plants (Aspinall and Paleg 1981). Proline has also been found in

the rete testis fluid of rats, at concentrations of about 1 pmol ml-l, i.e. about 1/50th of

the lowest concentration used in experiments 4.1 and 4.2, but about 4 times higher than
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in blood plasma (Tuck et al. 1970). There seeûN to be no information available on the

prcsence of glycine betaine in semen. However, ca¡nitine a closely related compound,

is found in the epididymal seminal plasma of the rat at concentrations of up to 60 mM

@rooks et al.1974; Hinton et al. 1979).

The cryoprotective activity of low concentrations of proline shown in the present

experiment contrast with that reported by Withers and King (1979). These workers

observed that the presence of between 217 r\\tl(2.57o w/v) and 2.lM(25Vo wlv) proline

in the freezing medium significantly improved the survival of frozen-thawed maize cells

compared with that of cells treated with dimethylsulfoxide and glycerol. However, they

also observed a pronounced loss of viability by plasmolysis prior to freezing at the

highest concentration of proline. Coughlan and Heber (1982) also found that proline

(250 rnlvl) in 100 mlvf NaCl provided virtually no cryoprotection to thylakoids, and that

concentrations between 400 mM and 500 mM proline were necessary before complete

protection was obtained. In contrast, they found that glycine betaine at concentrations

below 150 mM, was a more effective cryoprotectant than proline, sucrose or sorbitol on

a molar, molal and an activity basis. These workers found that while glycine betaine

was highly cryoprotective at concentrations as low as 50 mM, it failed to provide

complete membrane protection at high concentrations. In the present experiment, better

post-thaw motility characteristics were observed at the lower rather than the higher

concentrations of proline and/or glycine betaine. The difference between the results

presented here and those reported in the literature, may be due to the presence of other

cryoprotectants in the freezing diluents for ram spermatozoa such as glycerol and egg

yolk, or possibly to differences in the freezing protocol. It is difficult to explain the

lower motility of spermatozoa on a toxicity basis, since proline and glycine betaine are

non toxic at high concentrations to other organisms (Heber et al. l97l). Further,

concentrations of up to 250 mM glycine betaine have been used successfully for the

cryopreservation of stallion spermatozoa (Koskinen et al. 1989). Therefore, it would be

important to investigate the reasons for the observed negative effect of high

concenEations of compatible solutes on ram spermatozoa.



4.4 Effect of Dilution Rate on the Post-Thaw Motility Characteristics of

Ram Spermatozoa Frozen in Diluents Contsining Proline and Glycine

Betaine

Introd,uction

One of the advantages that artificial insemination offers, is the utilisation of semen from

genetically superior sires over a large number of females, thus allowing a faster transfer

of a desired trait. Under natural mating conditions a fertile ram deposits several

thousand million spermatozoa into the vagina of the ewe. However, only about 100-

140 million motile spermatozoa penetrate the cervix (Evans and Maxwell 1987). Thus

changing the rate of dilution with an extender that protects sPermatozoa during cooling,

freezingand thawing, has also been used to increase the number of females which could

be inseminated with each ejaculate. The extent to which a semen sarnple can be diluted

depends on its quality and volume. Evans and M¿rwell (1987) indicated that pre-

freezing dilution rate higher than 1:2 (semen:diluent) should be used only for ejaculates

of high concentration when cervical insemination with frozen-thawed semen is to be

performed. Considering that the effect of proline and/or glycine betaine studied in the

previous experiments was examined on the basis of a 1:4 dilution rate, the following

experiment was conducted to examine the effect of compatible solutes on ram

spermatozoa diluæd at different rates before pellet-freezing.

Materials and rnctlnds

This experiment examined the effects of four dilution rates (1:1, l:2,1:3 and l:4), and

the presence or absence of proline and glycine betaine on the PTM characteristics of ram

spennatozoa. The composition of the diluents used as controls is described in Chapter

3.3 (Table 3.3.1). The diluents containing compatible solutes were similar to that

recortmended by (Evans and Mærwell 1987) for the dilution of semen 1:4, but proline

(54 mM), or glycine betaine (53 mM) or proline (54 mM) and glycine betaine (53 mM)
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were included in the diluent. Two consecutive ejaculates per ram were collected by

a¡tificial vagina from the Martindale Merino rams (n=3). Ejaculates were divided into 16

parts, diluted with one of the d.iluents specified above, then cooled to 5"C in 2h, and

pellet-frozen. Three pellets per ram per treatment (n=9) were thawed and semen

assessed with the [ITM, after incubation at 37oC for 0, 4, or 8 h'

Results

The results showing the effects of dilution rate and the CS, pooled for incubation time,

are presented in Tables 4.4.1-l5,and the effect of CS on the motility characteristics of

raÍi spermatozoa during incubation at37"C are presented in Figs. 4.4.1'3.

The mean MOTPC (Tabte 4.4.\),PROGPC (Table 4.4.3) and RAPPC (table 4.4.5) of

spennatozoa diluted at 1:1 rate wqr¿ low compared with that of semen diluted at higher

rates (P<0.001). The CS had no effect on MOTPC of semen diluted at the lowest rate

(Tabte 4.4.2;Fig.4.4.1 a). 'When the semen was diluted at rate of 1:3, CS resulted in a

slight but not significant improvement in MOTPC (Table 4.4.2), In contrast the

presence of proline or glycine betaine significantly improved the overall MOTPC of

spermatozoa diluted at !:2 or 1:4 (P<0.001; Table 4.4.2). V/hen proline or glycine

betaine improved MOTPC, the improvement was maintained during incubation at37"C

(Fig. 4.4.1b, c, d). Overall, proline had no effect on PROGPC (Table 4.4.4) or on

RAPPC (Table 4.4.6) at the dilution rates tested. In contrast the presence of glycine

betaine improved PROGPC (Fig.4.4.2b, d) and RAPPC (Fie.4.a3b, d) at dilution

rates of 1:2 and 1:4 (P<0.001), but not when semen was diluted at l:3. Where the

compatible solutes had a positive effect on PROGPC or RAPPC, the improvement was

maintained during incubation at 37"C.

Table 4.4.1 Effect of dilution rate (semen:diluent) on the mean MOTPC of ram sPermatozoa during
post-thawing incubation.

52.352.649.238.7

l:4l:3I:21:1

Dilution rate

Each value is the mean of 108 observations, means different by more than 6.7 would be significantly
different (P<0.01).
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Teble 4.42 Effect of dilution rate (semen:diluent) and compatible solutes concenEation in the diluent
on the mean MOTPC of ram spermatozoa druing post-thawing incubation.

52.9

54.3

53.2

53.4

50.1

51.3

35.0

43.0

42.5

59.6

48.0

56.0

39.3

56.0

39.2

37.4

Dilution rate

0

53

l:41:3l:21:1I:41:3t:2l:1

540

Glycine Betaine

(nM)

Proline (mM)

Each value is the mean of 27 observations, means different by more than l0.l would be significantly
different (P<0.01).
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Flg. 4.4.1 Changes in the MOTPC of ram spermatozoa during post-tha\iling incubation at 37"C
following dilution 1:1 (a), 1:2 (b), 1:3 (c) or l:4 (d), and freezing in a tris glucose-citric acid diluent (E),
with 54 mM proline(I), 53 mM glycine betaine (A) or 54 rrM proline + 53 mM glycine betaine (O).
Each point is the mean of 9 observations with s.e.n. shown by the vertical lines. *P <0.01

Table 4.4.3 Effect of dilution rate (semen:diluent) on the mean PROGPC of ram spennatozoa
during post-tha\iling incubation.

26.626.822.7t7.2

l:41:3I:2l:1

Dilution rate

Each value is the mean of 108 observations, means different by more than 3.8 would be significantly
different (P<0.01).



t52

T¡ble 4.4.4 Effect of dilution rate (semen:diluent) and compatible solutes concentration in the

diluent on the mean PROGrc of ran spermatozoa during post-thawing incubation.

25.5

25.7

28.8

26.4

20.7

24.3

15.9

t7.7
23.5

3t.7
24.t
27.6

r9.5

26.2

16.2

18.8

Dilution rate

0

53

l:41:3l:2l:ll:41:3L:2l:l
540

Glycine Beøine

(nlvr)

holine (mM)

E¿ch value is the mean of 27 obsenations, means different by more than 7.6 would be significantly

different (P<0.01).

Tsble 4.4-5 Effect of dilution rate (semen:diluent) on the mean RAPPC of rafn spertrratozoa during
post-thawing incubation.

28.328.624.2t8.t

l:41:3lz21:l

Dilution raæ

Each value is the mean of 108 observations, means different by more than 4.4 would be significantly

different (P<0.01).

Table 4.4.6 Effect of dilution rate (semen:diluent) and compatible solutes concentration in the

diluent on the mean RAPPC of ram sperinatozoa during post-tha$ring incubation'

27.0

27.4

30.6

28.4

22.r

25.8

16.8

19.0

24.8

34.3

25.7

30.0

20.5

28.9

17.0

19.8

Diluúon rate

0

53

lz41:3l:21:1l:41:3l:21:l

540

Glycine Betaine

(mM)

Proline (mM)

Each value is the mean of 27 observations, means different by more than 8.1 would be significantly

different (P<0.01).
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¡¡ig.4.4.2 Changes in the PROGPC of ram spermatozoa during post-thawing incubation at 37"C
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fig. 4.4.3 Changes in the RAPPC of ram spematozoa during post-thawing incubation at 37"C
following dilution 1:1 (a), 1:2 (b), 1:3 (c) or 1:4 (d), and freezing in a ris glucose-citric acid diluent (El),

with 54 mM proline(I), 53 mM glycine betaine (A) or 54 mM proline + 53 mM glycine beøine (O).
Each point is the mean of 9 observations with s.e.m. shown by the velical lines. +P <0.01
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The MODPC of spermatozoawas higher when diluted at t;2 than at the other dilution

rates (p<0.001; Table 4.4.7). The MODPC of spermatozoa lvas unaffected by the

presence of the CS.

Table 4.4.7 Effect of dilution rate (semen:diluent) on the mean MODPC of ranr spennatozoa during

post-thawing incubation.

23.624.O25.020.2

I:41:3lz21:1

Dilution raæ

Each value is the mean of 81 observations, means different by more than 4.7 would be significantly

different (P<0.01).

The mean LIN (Table 4.4.8) and STR (Table 4.4.9) of sPermatozoa wcc¿ higher for

semen diluted and frozen at 1:3 and at 1:4 than at the other dilution rates (P<0.001).

The presence of CS in the diluents had no effect on LIN or STR.

Table 4.4.8 Effect of dilution rate (semen:diluent) on the mean LIN of ram spermatozoa during post-

thawing incubation.

75.473.072.070.2

l:41:3l:21 I

Dilution rate

Each value is the mean of 108 observations, means different by more than 2.5 would be significantly-

different (P<0.01).

T¡ble 4.4.9 Effect of dilution rate (semen:diluent) on the mean STR of ra[l spermatozoa during

Post-tha\rying incubation

84.482.982.280.8

l:41:3l:21:1

Dilution rate

Each value is the mean of 108 observations, means different by more than 1.9 would be significantly

different (P<0.01).

The VAP of spermatozoa was higher for spennatozoa diluted at 1:3 or 1:4 comPared

with that of spermatozoa diluted at 1:1 (P<0.001; Table 4.4.10). VAP was not

improved in the presence of proline and/or glycine betaine .

Table 4.4.10 Effect of dilution rate (semen:diluent) on the mean VAP of rarl spermatozoa during
ost-thawing incubation (¡rut/sec).

93.091.887.284.2

l:4l:3I:21:1

Dilution rate

Each value is the mean of 108 observations, means different by more than 7.5 would be

different (P<0.01).

signifrcantly
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VSL was higher for spermatozoa diluted at 1:4 than at 1:l (P<0.001; Table 4.4.tL)

Proline and gþine beøine had no effect on VSL.

Table 4.4.11 Effect dilution rate (semen:diluent) on the mean the mean VSL of ram sPerûiatozoa

during post-thawing incubation (¡tm/sec).

84.082.r77.875.0

l:41:3l:21:l

Dilution raæ

Each value is the mean of 108 observations, means different by more than 7.6 would be significantly

different (P<0.01).

Neither dilution rate nor the presence of proline of glycine betaine influenced VCL or

ALH.

Discussion

Varying the dilution rate of semen prior to pellet freezing had a marked effect on the

overall post-thaw motility characteristics of ram spermatozoa as assessed by the IITM.

The lower mean LIN, VAP and VCL values of spermatozoa diluted at 1: I compared with

higher dilution rates could be due to the greater number of cells present in the sartples,

since the semen \ilas not diluted to the same concentration after thawing. Jasko et al.

(1990) indicated that errors in assessing the motility cha¡acteristics of spermatozoa could

be caused by using high concentrations of cells in the specimen or sample. This was

largely due to the higher number of collisions between sperm cells as concentration in the

analysed sample increased. Recently, Davis and Katz (1993) suggested that the

accuracy of the kinematic values calculated by computer aided spenn analysis

instnrments could be reduced by as much as2o%o by such concentration effects. Thus,

diluting the sarnples to the same concentration immediately before assessment may help

to reduce the differences in mean LIN, VAP and VSL of spermatozoa diluted and frozen

at different dilution rates.

The findings on pre-freezing dilution rates presented here, are in agreement with those

reported by Lightfoot and Salamon (1969a). These úorkers reported that best PTM of

spermatozoa was obtained when the semen had been diluted at 1:3 to 1:5 pre-freezing,
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and noted that both higher and lower rates were detrimental. In the present study, the

overall post-thaw motility was higher for semen diluted at rates of L:2 to 1:4 rates than at

1:1. However, no statistical difference was observed in the PTM characteristics of

spennatozoa frozen with the control diluents at the various dilution rates. This may be

attributed to the optimisation of the composition of these diluents by Salamon and

colleagues.

The effect of the compatible solutes on the PTM characteristics observed in this

experiment is in agreement with ea¡lier results (experiments 4.14.3). The diluents

containing proline or glycine betaine were only effective at dilution rates of t:2, t:3 ot

1:4, but faited to improve the PTM cha¡acteristics of spennatozoa diluted at a rate of 1:1

before freezing. This observation could be attributed to the lower concentration of

compatible solutes in the spenn suspension at low dilution rates. However, in

experiment 4.4, the presence of as little as 27 mM of either proline or glycine betaine in

the diluent improved the post-thaw percentage of motile spermatozoa. These contrasting

results indicate that further investigation may be required to find the appropriate

concentration of compatible solutes for the freezing ram spennatozoa at 1:1 or lower

dilution rates.



4.5 Effect of pH on the Post-Thaw Motility Characteristics of Ram

Spermatozoa Frozen in Diluents Containing Proline and Glycine Betaine

Introdrction

Several workers have shown that the motility of ejaculated mammalian spermatozoa is

largely independent of the hydrogen ion concentration over the pH range of 5.5 to 8.5

(Lardy and Philips 1943; Blackshaw and Emmens 1951; Bishop and Walton 1960).

However, it has been reported that the optimum pH for ma¡nmalian spermatozoa is close

to neutrality. Thus most diluents used for extension and/or storage of mammalian

spermatozoa are buffered to pH 6.9 to 7.1 (Mann l964;V/atson 1990a). Salamon and

Visser (1972) reported that the pH of diluents or extenders used for the frozen storage of

ram spennatozoa should be 7.0. These workers observed a decrease in post-thawing

survival of spennatozoa frozen in a tris-based diluent with pH values either lower or

higher than neutrality. Although proline and glycine betaine improve the post-thaw

motility of ram spennatozo4 a difference in the degree of response of spermatozoa to the

compatible solutes was observed when the pH of the freezing medium was 6.8

(experiment 4.1.1) compared with pH 7.0 (experiment 4.1.2) or pH 6.67 (experiment

4.2.1). This small difference in pH may not alone be accountable for the variation in

response of spermatozoa to the compatible solutes. However, other compounds like

lecithin, have been reported to have a greater protective effect at pH 6.5 than at 7.2

(Blackshaw 1954). Therefore, the following experiment lvas conducted to study the

effect of pH on the post-thaw motility of ram sperrnatozoa frozen in diluents containing

proline and/or glycine betaine.

Materials and metlnds

A 4x2x2 experiment examined the effect of pH (6.7, 6.8, 6.9 and 7.0), two

concentrations of proline (0 and 54 mM), and two concentrations of glycine betaine (0

and 53 mM) on the PTM characteristics of ram spermatozoa. When required, the pH of

the diluent was adjusted with lM KOH or lM citric acid. Two consecutive ejaculates
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per ram were collected by a¡tificial vagina from the Martindale Merino rams (n=3).

Ejaculates were divided into 16 parts, diluted with one of the diluents specified above,

then cooled to 5oC in 2h, and pellet-frozen. Three pellets per ram per treaEnent (n=9)

were thawed and semen assessed with the IITM after incubation at 37"C for 0, 4' or 8 h.

Results

Overall, the pH of the freezing diluents had no influence on the PTM characteristics of

spermatozoa. However, when semen was frozen in the diluents at the lower pH and

without CS, ALH and VCL of spermatozoa were reduced (P<0.05). In contrast, the pH

of the media did not influence the PTM characteristics of spennatozoa frozen in the

presence of CS. The results pooled for incubation time showing the effect of pH and

compatible solutes are presented in Tables 4.5.t-2O. The effect of CS on the motility

characteristics of ram spennatozoa during incubation are presented in Figs. 4.5.I4.

The MOTPC, PROGPC, and RAPPC, of spermatozoa w not influencedby the pH of

the freezing diluent. However, MOTPC, was higher for spermatozoattozen in diluents

containing proline and/or glycine betaine than in their absence (Table 4.5.1; P<0.001).

The presence of proline and glycine betaine improved PROGPC (Table 4.5.2 andEig

4.5.2d), and RAPPC (Table 4.5.3 and Fig. 4.5.3d) of spermatozoa frozen in diluents

with pH 6.7 to 6.9, but not at pH 7.0. Although incubation reduced MOTPC (Fig.

4.5.1), PROGPC (Fig. 4.5.2) and RAPPC (Fig a.5.3) the beneficial effect of the

compatible solutes on these characteristics, was maintained throughout incubation

(P<0.00r).

Table 4.5.1 Effect of pH and compatible solutes concentration in the diluent on the mean MOTPC
of ram spermatozoa during post-thawing incubation.

54.7

54.8

47.8

52.7

52.8

51.8

50.1

51. l
44.5

55.7

39.r

51.8

38.2

52.3

35.5

55.4

pH

0

53

7.06.96.86.77.06.96.86.7

540

Glycine Betaine

(mM)

Proline (mM)

Each value is the mean of 27 observations, means differentby more than 11.1 would be significantly
different (P<0.01).
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Fig. 4.5.1 ram spennatozoa during post-thatving incubation at 37"C
following .7 (a), 6.8 (b), 6.9 (c) or 7.0 (d), in a tris glucose-citric acid
diluent (-tr mM glycine betaine (A) or 54 mM proline i S¡ nlr¿ glycine
betaine (O). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.
*P <0.01

Table 4.5.2 Effect of pH and compatible solutes concentration in the diluent on the mean PROGPC
of ran spematozoa during post-thawing incubation.

22.5

22.0

20.8

2t.o
22.5

19.6

19.ó

19.9

2t.4
23.0

15.9

22.7

15.4

23.O

14.0

23.7

pH

0

53

7.06.96.86.77.06.96.86.7

540

Glycine Betaine

(mlvf)

Proline (mM)

Each value is the mean of 27 observations, means different by more than 8.4 would be significantly
different (P<0.01).
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Fig. 4.5.2 Changes in the PROGPC of ram spermatozoa during post-thawing incubation zt 37"C

following freezing in diluents at pH 6.7 (a), 6.8 (b), 6.9 (c) or 7.0 (d), in a tris glucose-ciric acid diluent
(tr), with 54 mM-proline(l), Sj mU glycine betaine (A) or 54 mM proline + 53 mM glycine betaine
(a). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.
*P <0.01

T¡ble 4.53 Effect pH and compatible solutes in the diluent on the mean RAPPC of ran spennatozoa
during post-thawing incubation.

24.3

24.O

22.2

22.4

23.1

2L.0

21.0

2L.4

23.0

24.5

16.9

24.4

16.3

25.0

15.0

25.6

pH

0

53

7.06.96.86.77.06.96.86.7

540

Glycine Beøine

(mM)

Proline (mM)

Each value is the mean of 27 observations, means different by more than 8.4 would be significantly
different (P<0.01).

The pH of the freezing diluent had no effect on MODPC (Table 4.5.4). In contrast a

significantly higher MODPC was observed for spermatozoa frozen in the presence of
for

proline an{ê'lVcine betaine than in their absence (P<0.001). No interaction was

observed between the compatible solutes and the pH of the freezing diluent.
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Fig. 4.5.3 Changes in the RAPPC of ram spennatozoa during post-thawing incubation at 37oC

following freezing in diluents with pH 6.7 (a),6.8 (b), 6.9 (c) or 7.0 (d), in a tris glucose-citric acid
diluent (tr), with 54 mM proline(I), 53 nrM glycine betaine (A) or 54 mM proline + 53 mM glycine
betaine (i). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.
,rP <0.01.

Tabte 4.5.4 Effect of pH and compatible solutes concenEation on the mean RAPPC of ram
spemratozoa moving with a velocity less than the critical velocity during post-thawing incubation.

27.0

30.0

25.4

29.4

29.7

28.0

29.t

29.8

2t.5
31.0

22.1

27.3

2t.8
27.4

20.7

29.8

pH

0

53

7.06.96.86.77.06.96.86.7

540

Glycine Betaine

(mM)

Proline (mM)

Each value is the mean of 27 observations, means different by more than 8.5 would be significantly
different (P<0.01).

The mean LIN, STR, VAP, and VSL of ram sperrnatozoa rvqr¿ unaffected by the pH of

the freezing diluent or the presence of proline or glycine betaine in the diluent.

However, the VCL (Table 5.4.5) and ALH (Table 5.4.6) of spermatozoa improved with

increasing pH of the diluent (P<0.05). The presence of proline and glycine betaine had

no effect on VCL or ALH, and there was no interaction between proline, glycine betaine

an pH on VCL or ALH. Incubation had no effect on LIN, STR or ALH, but VAP,

VSL, and VCL were reduced.
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Table 4.5.5 Effect of pH of the diluent on the mean VCL of ram spermatozoa during incubation
(m/sec).

103.998.298.396.0

7.06.96.86.7

pH

Each value is the mean of 108 observations, means different by more than 7.5 would be significantly

different (P<0.05).

Tabte 45.6 Effect of pH of the diluent on the mean ALH of ram sPennatozoa during incubation (¡tm).

4.84.54.54.5

7.06.96.86.7

pH

Each value is the mean of 108 observations, means different by more than 0.20 would be significantly

different (P<0.05).

Discussion

Variation in the pH of the diluents containing no CS from the range of 6.7 - 7.0 only

influenced two of the motility cha¡acteristics (VCL and ALH) assessed by the HTM.

However, this effect of the lower pH on VCL and ALH may not be relevant, since these

characteristics have not been correlated with in viffo ferfilisation rates of human

spermatozoa (Kossoy et aI. 1987; Fetterolf and Rogers 1990; Liu et al. l99I). These

results are in agreement with those reported by Blackshaw (1960), who found no

difference in the survival of ram spermatozoa frozen in diluents at pH 6.5 or 7.0.

However, they contrast with preliminary observations made by Salamon and Visser

(1972), who found that tris media with a pH either lower or higher than 7.0 were

detrimental to the post-thaw suruival of spermatozoa. In the present experiment, a slight

but not significant increase in MOTPC was obsened as the pH of the freezing diluents

without compatible solutes approached neutrality (Fig. a.5.1). This could be explained

by the influence of external pH (diluent) on the internal pH of spermatozoa resulting in

an activation of motility as seen in bovine spermatozoa (Acott and Ca¡r 1984; Carr and

Acott 1989) and in ram spermatozoa by Gattt et aI. (1992). Accot and Carr (1984) using

cauda epididymal (CE) sperm found that the motility of CE sperm in undiluted CE fluid

increases as the pH is elevated and suggested that intracellular pH changes in bovine
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spenn in response to the additon of acids and bases could regulate motility of

spennatozoa. However, more recent evidence suggests that the motility of epididymal

and ejaculated ram spennatozoa is less dependent upon external pH and is only slightly

influenced by changes in internal pH (Gatti et al.1993).

Despite the lack of interaction between the compatible solutes and the pH of the diluent, it

does appear that the CS are more beneficial at pH levels lower than 7.0. Proline was

found to be less effective than glycine betaine in improving MOTPC (Fig. 4.5.ld) at pH

7.0. Furthermore, both compatible solutes did not improve the PROGPC or the

RAPPC of spermatozoafrozen in diluents at pH 7.0. Since ram spermatozoatolerate

acidic conditions, and the isoelectric point of proline and glycine betaine lies somewhat

below neutrality, it is not surprising that the pH of the diluents may influence their

possible beneficial effects on ram spemiatozoa. Blackshaw (1954) atEibuted the better

protection of lecithin upon cold shocked spermatozoa at the rather low pH of 6.5, to the

fact that lecithin has its isoelectric point at pH 6.4. A similar isoelectric point could

explain the better MOTPC, PROGPC, and RAPPC of spermatozoa cryoPreserved in the

presence of CS at the levels lower than pH 7.0 tested in the present experiment.

Borowitzka (1981) indicated that proline behaves as a zwitterion; it has a negative charge

on the carboxyl group balanced by a positive charge on the amino N in the heterocyclic

ring. This ring would remain charged at pH values below its isoelectric point (pH 6.3),

and at values above this, the probability of the presence of a positive charge on the ring

would decrease. Consequently, the hydrophobic cha¡acter of the ring should be greatly

reduced a¡ound the likely physiological pH, due to the presence of a positive charge

within it. The betær MOTPC of spermatozoafrozenin the presence of glycine betaine at

pH6.7 could also be due to the good buffering capacity of this compound within acidic

and up to the physiological pH (Wyn Jones and Storey 1981).



4.6 post-Thaw Motility Characteristics of Ram Spermatozoa Pellet f,'rozen

in Diluents containing Proline, Glycine or Glycine Betaine

Introùtction

Like proline, the free a¡rrino acid glycine is reported to act as an osmoregulator, and is

considered to be a compatible solute @owlus and Somero 1979). High concentrations

of amino acids a¡e found in the ram accessory glands and seminal plasma, and the

greatest concentration of any single amino acid is glutamic acid followed by glycine

(Mann and Lutwak-Man 1981). Amino acids are considered to act as chelating agents,

to serve as oxidisable substrates for spennatozoa, to provide buffers with protective

influence on the sperm cells, and to undergo further metabolic changes in ejaculated

semen. Thus, it is not surprising to find glycine added to diluents for the storage at low

temperatures of bovine (Roy and Bishop 1954, Gabriel 1955, Shanon and Curson

1972a),and ovine (Ahmed 1955, Schindler !96!,Lunca l96y'.) spermatozoa. Glycine

has also been included in diluents for the cryopreservation of human sPermatozoa

(Obando and Lucena 1981; Matradevan and Trounson 1983). Considering the attributes

of glycine, the following experiment was conducted to see if this compatible solute, like

proline and glycine betaine can improve the post-thaw motility characteristics of rart

spermatozoa.

Materials and methods

A tris-based diluent as described by Evans and Mærwell (1987) was used as the control,

and was compared with the same diluent containing either proline (54 mM), glycine (54

mM), or glycine betaine (54 mM). Two consecutive ejaculates per ram were collected

by artificial vagina from the Martindale Merino rams (n=3). The ejaculates were divided

into 4 parts, diluted with one of the diluents specified above, cooled to 5 "C in 2h, and

pellet-frozen. Three pellets per ram per treatment (n=9) were thawed and semen

assessed with the [ITM, after incubation at 37"C for 0 or 6 h.
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Results

Both typefof diluent and incubation time influenced some of the PTM characteristics as

assessed by the IITM. The results pooled for incubation time are presented in Tables

4.6.1-10, and the effects of diluent on the motility cha¡acteristics of spermatozoa during

incubation at37"C are presented in Figs. 4.6-ta-f..

The MOTPC (Tabte 4.6.1), PROGPC (Table 4.6.2), and RAPPC (Table 4'6'3) of

spermatozoa w¿fübetter when frozen in the presence of proline or glycine betaine than in

the control or in the glycine-containing diluent (P<0.001). Spermatozoa frozen in the

diluent containing glycine showed a slightly but not significantly lower MOTPC

compared with the control. Regardless of the type of diluent in which spermatozoa were

frozen, MOTPC (Fig. a.6.la), PROGPC (Fig. 4.6.1b), and RAPPC (Fig. 4.6.lc)

declined during incubation (P<0.001 ).

Table 4.6.1 Effect of diluent composition on the mean MOTPC of ram spennatozoa during post-

thawing incubation.

Each value is the mean of 18 observations, means different by more than 9.2 would be significantlY

different (P<0.01).

Table 4.6.2 Effect of diluent composiúon on the mean percentage of PROGPC or ram spermatozoa

during post-thawing incubation.

Each value is the mean of 18 observations, means different by more than 6.1 would be significantlY

different (P<0.01).

Table 4.6.3 Effect of diluent composition on the mean RAPPC of ra¡n spermatozoa during post-

thawing incubation.

Each value is the mean of 18 observations, means different by more than 6.4 would be

38.6 53.1 31.6 58.6
Tris Tris + proline Tris + glycine Tris + betaine

Diluent

13.8 22.9 10.4 27.3
Tris Tris + proline Tris + Tris + betaine

Diluent

t4.4 24.4 11.0 28.6
Tris Tris + Tris + Tris + betaine

Diluent

different (P<0.01).

significantly
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Fig.4.6.1 Changes in the: MOTPC (a), PROGPC (b), RAPPC (c), mean LIN (d), VAP (e), and

VSL (Ð, during post-thawing incubation at37"C following freezing arrd thawing in a tis glucose-citric

acid diluent (tr), with 54 mM proline(I), 54 mM glycine (O) or 54 mM glycine betaine (A). Each
point is the mean of 9 observations with s.e.m. shown by the vertical lines' *P <0.01.

The MODPC of spermatozoa was lower for semen frozen in the presence of glycine than

in the other diluents (P<0.001; Table 4.6.4). Incubation had no effect on the overall

MODPC of spermatozoa and no interaction between the type of diluent and incubation

time was observed. The mean LIN (Table 6.4.5), VAP (Table 6.4.6), VSL (Table

6.4.7), and VCL (Table 6.4.3) of spermatozoa frozen in the presence of proline or
h,þr l¡i,ü^t"/ t¡u{Ar¿d ,¡ il\{¡¡r¿ o[ SQdur

glycine betaine¡(P<0301), büt wer¿not differenÏ irom that of spermatozoafrozen in the

r

¡l
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control diluent. Incubation had no effect on mean LIN, but the overall VAP, VSL and

VCL of spermatozoa declined druing incubation (P<o.001).

Table 4.6.4 Effect of diluent composition on the mean MODPC of ran spematozoa during post-

thawing incubation.

29.720.628.724.2

Tris + glycine beøineTris + glycineTris + prolineTris

Diluent

Each value is the mean of 108 observations, means different by more than 6.9 would be signifrcantly

different (P<0.01).

Table 4.6.5 Effect of diluent composition on the mean LIN of ran spennatozoa during post-thawing
rncubation.

68.96t.267.764.r

Tris + glycine betaineTris + glycineTris + prolineTris

Diluent

Each value is the mean of 18 observations, means different by more than 6.4 would be significantly
different (P<0.01).

Table 4.6.6 Effect of diluent composition on the mean the mean VAP of ram spernatozoa during
post-thawing incubation (¡tr/sec).

83.466.482.072.3

Tris + glycine betaineTris + glycineTris + prolineTris

Diluent

Each value is the mean of l8 observations, means different by more than 12.1 would be significantly
different (P<0.01).

Table 4.6.7 Effect of diluent composition on the mean the mean VSL of ram spermatozoa during
post-thawing incubation (tt¡n/sec).

73.756.97r.663.2

Tris + glycine betaineTris + glycineTris + prolineTris

Diluent

Each value is the mean of 18 observations, means different by more than 12.6 would be significantþ
different (P<0.01).

Table 4.6.t Effect of diluent composition on the mean the mean VCL of ran spennatozoa during
post-thawing incubation (¡tm/sec).

106.491.5105.797.6

Tris + glycine betaineTris + glycineTris + prolineTris

Diluent

Each value is the mean of l8 observations, means different by more than 11.6 would be significantly
different (P<0.01).

The STR and ALH of spermatozoa were not affected by the type of diluent in which

semen was frozen. Incubation had no effect on STR;but ALH declined from 5.1 to 4.6

pm (P<0.001).
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Discussion

The betær PTM characteristics observed in this experiment for ram spennatozoa frozpn in

diluents se¡teini¡g proline or glycine betaine compared with the control diluent agrees

with the findings in experiments 4.1-4.5. No significant differences between

spennatozoa frozen in the control or glycine containing diluent were observed.

However, the presence of glycine in the diluent failed to improve the post-thaw motility

cha¡acteristics of ram spemiatozoa, when compared with spermatozoaftozen in diluents

containing proline or glycine betaine. These results were not expected, since glycine has

been reported to have beneficial, but not deleterious effects on bull (Shanon and Curson

I972a) or ram spermatozoa stored at4"C (Ahmed 1955; Schindler and Amir 1961), and

on cryopreserved human spermatozoa (Obando and Lucena 1981; Mahadevan and

Trounson 1983). The lack of any benefit of glycine on the PTM characteristics of

spermatozoa could be due to a difference in the concentration of the amino acid used in

the present study and those reported elsewhere. The concenEations of glycine between

130 mM to 360 mM reported by Ahmed (1955), Satra and Singh (1958), Schindler and

Amir (1961), to increase motility of ram spermatozoa stored at4"C are much greater than

those used here. Matradevan and Trounson (1983) reported that the concentration (0 or

133 mM) of glycine in a salt solution, a Modified Tyrode's Medium (MTM), containing

l57o glycerol had no effect on the percentage motility or percentage of live sPerm cells of

cryopreserved human spermatozoa. However, they found that the inclusion of glycine

(133 mIvI) and sucrose (50 mM) in the MTM gave equal or slightly better protection to

spermatozoa than that provided by an egg yolk-citrate medium containing t57o glycerol.

Although a lower concentration of glycine was used in the present study than by

Malradevan and Trounson (1983), the poor results for spermatozoafrozen in the glycine-

containing diluent are intriguing, since glycine (67 mM)perse has been reported to have

no influence on the motility of ram spermatozoa (White 1954).

The contrasting PTM results of spermatozoafrozenin the presence of glycine compared

with the other compatible solutes may reflect differences in cryoprotective activity of

these compounds and the probable contribution of glycine towards cryoinjury, possibly
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by an osmotic effect. Carpenter et aI. (1986) found that proline protected the enzyme

phosphofructokinase during freezing and thawing better than glycine. Similarly'

Carpenter and Crowe (1988) reponed that the activity of lactate-dehydrogenase during

freezing and thawing \ilas better preserved when frozen in a proline than in a glycine

solution. Heber et aI. (1971) reported that glycine has a Poor cryoprotective action on

spinach tþlakoids compared with proline, and actually increased freezing damage.

These workers indicated that the concentration of glycine increases in the unfrozen

portion of the system at low temperatures, eventually reaching the limit of toxicity, and

inactivating the membrane. However, they observed that a low concentration of salts

added to the same solution colligatively reduces the concenEation of the amino acid if the

ionic concentration of the diluent is appropriate. Thus, the toxicity limit of the amino

acid may not be reached during freezing. The latter may account for the beneficial

effects of glycine upon ram spermatozoa stored at4" Creported by Ahmed (1955)' Saha

and Singh (1958) Schindler and Amir (1961), and results reported for cryopreserved

human spermatozoa by Matradevan and Trounson (1983). However, other workers

have found a toxic effect of glycine on spermatozoa with as little as l%o v/v in diluents

for liquid storage of ram semen (T. Stojanov and WMC Maxwell, personal

communication).

The results presented here indicate that glycine is not as effective as other compatible

solutes like proline and glycine betaine in tris-based diluents in preserving the PTM

characteristics of ram spermatozoa. The low cryoprotective activity of gþine has also

been reported elsewhere. Considering that glycine has been reported to have beneficial

effects in diluents for the cryopreservation of human spermatozoa, the lower PTM of

spermatozoa may be due to the composition of the diluent used in the present experiment,

or to a specific toxicity of this amino acid to rarn spermatozoa.



4.7 Effect of Trehalose and Glucose on the Post.Thaw Motility

characteristics of Ram spermatozoa Frozen in the Presence or absence of

GlYcerol

Introduction

Sugars have been included in diluents for the cryopreservation of mammalian

spermatozoa, and may act in several different $rays: the provision of an energy substrate

for promoting the motility of spermatozoa during incubation, the maintainance of the

osmotic press¡re of the diluent, or the provision of cryoprotection to the sperm cells

(Watson lg7g). Salamon and Visser (1972) found that glucose u'as a more suitable

sugar component than fructose, lactose or raffinose when tris was used as the main

diluent buffer component for freezing ram spermatozoa by the pellet method'

Sn¡dies comparing the cryoprotective activity of carbohydrates have reported that sucrose

and trehalose are better cryoprotectants than glucose when compared on a molar basis

(Crowe et at. 1984; Strauss et at. 1986). Although sucrose is effective at preserving

membrane integfity of lyophilised sarcoplasmic reticulum, at least three times as much

sucrose is required to achieve the same degree of stabilisation as that is provided by

üehalose (Crowe et aI. 1983). Recently, high concenüations of trehalose in diluents for

freezing chicken (Terada et aI. 1989), bull (Chen et al. 1993), and ram sPermatozoa

(Molinia et at. I994c) have been reported to improve post-thaw motility. Since the

optimum concentration of glucose in diluents for freezing ram spermatozoa by the pellet

method is 30 mM (Salamon and Visser t972), and trehalose is more effective than

glucose when compared on a molar basis, the present experiment was conducted to

investigate the effect of low concentrations of trehalose in a tris-based diluent in the

presence or absence of glycerol and/or glucose on the post-thaw motility characteristics

of ram spermatozoa.
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Materials and methods

A 5x2x2 experiment examined the effect of trehalose (0, 10, 20,30 and 40 mM)'

glucose (0, 30 mlvl) and two concentrations of glycerol (0 and 57o vlv) on PTM

characteristics of ram spermatozoa. Two consecutive ejaculates per ram were collected

by artificial vagina fromthe Deniliquin Merino rams (n=3). Ejaculaæs were divided into

20 parts, diluted with one of the d.iluents specified above, then cooled to 5oC in 2h, and

pellet-frozen. Three pellets per ram per treatment (n=9) were thawed and semen

assessed with the IITM, after incubation at 37"Cfor 0, or 6 h.

Results

Glycerol and incubation time influenced all the PTM characteristics of ram spermatozoa

assessed by the IITM. In the absence of glycerol, neither glucose nor trehalose affected

the PTM characteristics of spermatozoa. However, in the Presence of glycerol,

trehalose (20 and 30 mM) and glucose (30 mM) improved some of the post-thaw motility

characteristics of spennatozoa. Results pooled for incubation time showing the effect of

trehalose, glucose and glycerol are presented in Tables 4.7.1'lO, and the effects of

glucose (0 and 30 mld) and trehalose (20 and 30 mM) during incubation are presented in

Figs 4.7.1-6.

Glycerol significantly improved MOTPC (Table 4J.I), PROGPC (Table 4.7.2), and

RAPPC (Table 4.7.3) of spermatozoa (P<0.001). The addition of trehalose and glucose

to the glycerol-containing diluents had no effect on MOTPC, PROGPC or RAPPC.

Regardless of diluent composition MOTPC (Fig. a.7.1), PROGPC (Fig. 4.7.2), and

RAPPC (Fie. a.7.3) were significantly reduced (P<0.001) during incubation. Further,

no interactions between trehalose, glucose and glycerol were observed.
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Table 4.7.1 Effect of glycerol, glucose and trehalose concentr¿tion in the freezing diluent on the mean

UOfpC of rasr sPermatozoa during post-thawing incubaúon'

Each value is the mean of l8 observations, means different by more than 10.3 would be significantly

different (P<0.01).
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Fig. 4.7.1 Changes in the MOTPC Post-tha\À'ing incubation at 37"C
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Table 4.1.2Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

PROGPC of ram spematozoa during post-thawing incubation'

Each value is the mean of 18 observations, means different by more than 6.7 would be significantly

different (P<0.01).
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Fig.4.7J C of ram spel atozoa during post-thawing incubation at 37"C

folowing absence (a) or presence (b) of glycerol in a tr-is-citric acid diluent
(O), andl mM glucose (tr),20 mM trehalose (I) or 30 mM trehalose (O).

Each point is the mean of 9 observations with s.e.m. shown by the vertical lines'

Table 4.7.3 Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

PROGPC of ran spematozoa during post-thawing incubation.

Each value is the mean of 18 observations, means different by more than 7.9 would be significantly
different (P<0.01).
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Fig. 4.7.3 Changes in the RAPPC of ran spermatozoa during post-thawing incubation at 37"C

following freezing and thawing in the absence (a) or presence (b) of glycerol in a qis-citric acid diluent
(O), andln this diluent containing 30 mM glucose (tr),20 mM rehalose (I) or 30 mM trehalose (O).
Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.
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Better MODPC (Table 4.7.4), mean LIN (Table 4.7.5) and STR (Table. 4.7.6) of

spennatozoa wcr¿observed after freezrngin the presence of glycerol and glucose than in

UoÞ?g, ¡Y¡¿¡¡ LliJ¡ O/^^ 51¿

their absence (P<0.001).*rilc;rúincaritty lower for spermatozoa frozen in diluents

containing trehalose or glucose, compared with that of spermatozoa frozen in the

glycerol-containing diluents (P<0.001). The overall MODPC, mean LIN and STR

declined from lO.6Vo to 3.67o (P<0.001), 76.6Vo to 72.5Vo (P<0.05) and 86.67o to

8O.l 7o (P<0. 00 1 ), respectively during incubation.

Table 4.7.4 Effect of glycerol, glucose and trehalose concentraúon in the freezing diluent on the mean

tr¿-ObpC of ram spermatozoa during post-thawing incubation'

Each value is the mean of 18 observations, means different by more than 4.8 would be significantly
different (P<0.01).

Table 4.75 Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

LIN of ram spernatozoa during Post-thawing incubation.

Each value is the mean of l8 observations, means different by more ¡han t2,4 would be significantly
different (P<0.01).
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Table 4.7.6 Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

STR of ram spennatozoa during post-thawing incubation'

86.8

86.7

89.0

87.8

87.0

79.7

78,4

89.5

88.6

85.7

87.4

86.9

90.9

85.3

88.6

69.0

78.1

77.9

73.3

64.0

0

l0
20

30

40

Trehalose (mM)

5050Glycerol 7o (vlv)

300

Glucose (mM)

Each value is the mean of 18 observations, means different by more than 15.1 would be significantly
different (P<0.01).

The presence of fiehalose or glucose in the freezing diluents had no effect on VAP (Table

4.7.7), VSL (Table 4.7 .8) or VCL (Table 4.1.9) of frozen-thawed ram spermatozoa.

However, the absence of glycerol in the freezing diluents significantly reduced the VAP

(Fig. 4.7.4a), VSL (Fig. a.7.5a) and vcl (Fig 4.7.6a) of spermatozoa (P<0.001).

Incubation significantly reduced the VAP, VSL and VCL of spennatozoa (P<O.001).

Table 4.7.7 Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

VAP of ram spetÍratozoa during post-thawing incubation (Fn/sec).

86.6

87.6

87.0

88.7

87.0

74.7

6ó.8

83.2

82.8

79.1

9r.7

89.4

92.6

88.5

88.9

7t.7
72.1

77.0

62.3

60.0

0

l0
20

30

40

Trehalose (mM)

5050Glycerol 7o (vlv)

300

Glucose (mM)

Each value is the mean of 18 observations, means different by more that 12J would be significantly
different (P<0.01).
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Table 4.7.8 Effect of glycerol, glucose and trehalose concentration in the freezing diluent on the mean

VSt of ram sPsrmatozoa during post-thawing incubation (l¡n¡/sec)'
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Each value is the mean of 18 observations, means different by more than 13.1 would be significantly
different (P<0.01).
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Fig. 4.7.5 Changes in the VSL of ram spermatozoa during post-thawing incubation at 37"C

following freezing and thawing in the absence (a) or presence (b) of glycerol in a tris-citric acid diluent
(O), and in this diluent containing 30 mM glucose (tr), 20 mM trehalose (I) or 30 mM trehalose (O).
Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.
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Table 4.7.9 Effect of glycerol, glucose and trehalose concentraúon in the freezing diluent on the mean

VCL of ran spermatozoa during Post-thawing incubation (Pr/sec)'

Each value is the mean of 18 observations, means different by more than 14.1 would be significantly
different (P<0.01).
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Fig. 4.7.6 Changes in the VCL of ram sperrnatozoa during post-thawing incubation at t7"C
following freezing and thawing in the absence (a) or presence (b) of glycerol in a tris-citric acid diluent
(O), and in this diluent containing 30 mM glucose (tr),20 mM trehalose (l) or 30 mM trehalose (a)'
Each point is the mean of 9 observations with s.e.m. shown by the vertical lines'

There was an interaction between trehalose, glucose and glycerol on ALH (P<0.05;

Table 4.7.t0). TheALHof spermatozoadeclinedduringincubationfrom4.3to3.l pm

(P<0.001). In the absence of glycerol, glucose (30 mM) and trehalose (20 mM and 30

mM) improved ALH (P<0.001). However, when glycerol was present in the freezing

media neither of the saccharides influenced ALH.
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Table 4.7.10 Effect of glycerol, glucose and trehalose concentr¿tion in the freezing diluent on the

mean ALH of raur spermatozoa during Post-thawing incubation (t¡m)'

Each value is the mean of 18 observations, means different by more than 1.0 would be significantly
different (P<0.01).

Discussion

The better PTM obtained for ram spetmatozoafrozen in diluents containing glycerol are

in agteement with the results of Experiments 4.2.1 and4.2.2, and with those reported by

Sala¡on (1968), Lightfoot and Salamon (1970a), Watson and Martin 1975) and Molinia

et at. (1994a, b, c). Even though gþerol can be toxic to sperm cells, its presence in the

freezing med.ium as a cryoprotectant is essential for the achievement of satisfactory post-

thaw survival of spermatozoa.

Trehalose is reported to be more efficient than sucrose and glycerol in reducing the

fusion of unilamellar vesicles resulting from freezing and thawing Protocols

(Anchordogrry et at. L987). This is attributed to the ability of trehalose to form a

stronger and more stable hydrogen bond to the phosphate head groups of membrane

phospholipids than sucrose and glucose (Rudolph and Crowe, 1985; Rudolph er al.

1986; Anchordogvy et al. 1987). These hydrogen bonds may replace the same or

similar hydrogen bonds between the lipid and water that occur in bulk water. Crowe

and Crowe (19S4a) noted that relative specificity of the bonding between trehalose and

phosphate head groups may be an important factor in the abitity of this molecule to

replace water around the head group of a phospholipid and thereby to stabilise

lyophilised membranes. Trehalose is a better cryoprotectant than glucose when

compared on a molar basis (Crowe et al. t984; Strauss et al. 1986). Since high
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concentrations of trehalose provide cryoprotection to ram sPennatozoa, this experiment

studied the effect of low concentrations of these carbohydrate.

The low cryoprotective activity of trehalose on fâm sPermatozoa found in the Present

experiment was not expected, and is in contrast with that reported by Molinia er a/.

(199/+c). These workers found that in the absence of glycerol motility of spermatozoa

was better in diluents containing trehalose than glucose. In the Present study the type of

sugar had no effect on the PTM characteristics of spermatozoa. This suggest, that

glucose in the diluent may provide an energy substrate for promoting the motility of

spermatozoa during incubation or maintain the osmotic pressure of the diluent rather

than, provide cryoprotection to sperm cells. It is likely that the difference between these

results and those of Molinia et at. (1994) are due to differences in trehalose concentration

l0 mN{ to 40 mM vs. 30 mM to 210 mM, respectively.

The incorporation of trehalose (10-40 mM) into glycerol-containing diluents had no

effect on the PTM cha¡acteristics of spermatozoa. Similar results have been reported for

bull (Chen et al. 1993), chicken (Terada et al. l99I). The fact that trehalose had no

protective effect on spermatozoa in gþerol-containing diluents could be explained by the

prcsence of the other cryoprotectant. Competition between cryoProtectants for the same

site on the phosphate head group of phospholipids has been reported by Strauss and

Hauser (1986); Strauss et aI. (1986) and Anchordoguy et al. (1987). The difference in

cryoprotective activity between trehalose and glycerol could also be due to the ability of

{l¡¿latter cryoprotectant to penetrate the ram sperm membrane more readily than the high

molecular weight Eehalose.

Even though results presented here indicate that tr,ehalose (10 mM40 mM) does not have

a cryoprotective effect. upon ram spermatozoa in the presence of glycerol, trehalose

(30 mM) could substitute for glucose in the diluent without affecting the PTM

characteristics of spermatozoa, and these results a¡e in agreement with those reported by

Molinia et al. (1994c).
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Effect of Epididymal compounds in the Freezing Diluent on the Post'

Thaw Motility Characteristics of Ram Spermatozoa Frozen in Pellets

Introùtction

In vertebrate animals, the duration of storage of viable spermatozoa in the epididymis

varies from a few hours in birds to many months in reptiles and bats. Setchell ¿r aI.

(1993) suggested that the systematic study of the effects of epididymal constituents and

related compounds on spennatozoa may help in the formulation of better diluents for

preserving spermatozoa during fteezing, storage at4"C,room temperature or even body

temperature. Some epididymal compounds which may be useful for storing

spennatozoa a¡e taurine, hypotaurine and inositol.

The sulphonic amin{acids taurine and hypotaurine, are found in high concentrations in

reproductive tissues and fluids of both male and female mammals (Kochakian 1975;

Pasantes-Morales and Fellman 1989). It has been proposed that these aminoþciOs may

improve the motility and fertilþ of stored spermatozoa (Leibfried and Bavister 1981;

Fraser 1986). Recently, taurine and hypotaurine have been reported to be cryoprotective

to bull spermatozoa (Chen et al. 1993; Foote et aI. 1993).

Another compound present in the secretions of the male reproductive tract of different

species is inositol. Voglymayr and Amann (1973) suggested that inositol may have

implications in providing spermatozoa with a compound essential for the survival of

spermatozoa in the epididymis. In addition, inositol has been found to protect the

stability of enzymes from damage caused by freezing or lipid peroxidation (Carpenter er

at. 1986). Recently, Molinia et al. (1994b) reported that inositol (55'220 mM) in

isotonic tris-based diluents protected the acrosome integrity of frozen-thawed ram

spennatozoa. Experiments presented in this chapter were conducted to study the effect

of the inclusion of taurine, hypotaurine or inositol into tris-based diluents with varying

levels of glycerol, on the post-thaw characæristics of ram spermatozoafrozenin pellets.
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Materials and.metlnds

A series of factorial experiments was conducted to snrdy the effect of concentration of

taurine (experiments 5.1 and 5.2), hypotaurine (experiment 5.3), inositol (experiment

5.4), and levels of glycerol in the freezing diluent on the post-tha\il motility

cha¡acteristics of ram spemiatozoa. All diluents were tris-based and contained egg yolk

(LSVo vlv), and were adjusted to pH 7.0 with lM KOH or lM citric acid. For each

experiment two ejaculates per ram were collected by a¡tificial vagina from the Deniliquin

Merino ra6s (n=3). Consecutive ejaculates were divided as required and diluted at l:4

dilution rate with one of the various diluents, cooled to 5 oC in 2h, and then frozen into

pellets and stored in liquid nitogen. Th¡ee pellets per ram per treaünent per experiment

(n=9) were thawed and semen assessed with the IITM after incubation at 37oC for 0, 3

and 6 h in experiment 5.1 or 0 and 6 h in experiments 5.2 and 5.3, and for 0,4 and 8 h

in experiment 5.4.

Results

anJ
The level of glycerol¡pididymat compoun$and

{iwrc
incubation¡i gnificantly reduced most of

the post-thaw motility characteristics of ram spermatozoa assessed by the HTM

(P<0.001). In all the experiments, better MOTPC, PROGPC, and RAPPC of

spermatozoa frozen in the presence than in the absence of glycerol was observed. From

the epididymal compounds used in these experiments, only taurine (50 mM) improved

the post-thaw motitity cha¡acteristics of frozen sperm (P<0.001). In contrast, the higher

concentration of either taurine or inositol in the diluent significantly reduced most of

post-thaw motility results compared with those of spermatozoa frozen in the control

diluent (P<0.001). The results pooled for incubation showing the effect of glycerol and

taurine on the PTM characteristics are presented in Tables 5.1.14 a¡d 5.2.1'4, of

hypotaurine in Tables 5.3.!4, and of inositol in Tables 5.4.L4. Results showing the

effect of taurine and glycerol on PTM cha¡acteristics during incubation are presented in

Figs. 5.1.1-3 and 5.2.1 3, of hypotaurinb in Figs. 5.3.1-3, and of inositol in Figs.

5.4.1-3.
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5.1 Effect of High Concentrations of Taurine in the Freezing Diluent on

the post-Thaw Motility Characteristics of Ram Spermatozoa Frozen in

Pellets

Materials and methods

A 6x3 experiment was conducted to study the effect of six concentrations of øurine (0,

50, 100, 150, 200 and 250 mI\4), and th¡ee concentrations of glycerol (0, 3 and 57o vlv)

on the post-thaw motility characteristics of ram spennatozoa. Two consecutive

ejaculates per ram were collected by a¡tificial vagina from the Deniliquin Merino rams

(n=3). Ejaculates were divided into 18 parts, diluted with one of the diluents specified

above, then cooled to 5oC tr.zh, and pellet-frozen.

Results

The overall MOTPC (Table 5.1.1), PROGPC (Table 5.1.2) and RAPPC (5.1.3) of

spermatozoa v/¿r¿ better when froze¡ in the presence than in the absence of glycerol

(P<0.001). Regardless of the glycerol concentration in the diluent, the presence of

taurine (50 mM) significantly improved MOTPC, PROGPC and RAPPC. However,

concentrations higher than 50 mM of taurine significantly reduced MOTPC, PROGPC

and RAPPC of spermatozoa compared with that of the control diluent. In addition

incubation significantly reduced MOTPC (Fig 5.1.1), PROGPC (5.1.2), and RAPPC

(s.1.3).

Î¡ble 5.1.1 Effect of glycerol and taurine concentration in the freezing diluent on the mean

MOTPC of ran spernatozoa during post-thawing incubation'

38.0

55.2

33.4

20.2
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19.9

15.3

6.9

4.3

2.6

0
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r00

150
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530
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Each value is the mean of 27 observations, means different by more than 9.7 would be signifrcantly

different (P<0.01).
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Fig. 5.1.1 Changes in the MOTPC of ram spermatozoa during post-thawing incubation at 37"C
foilowing freezingfand thawing in the presence óf O (a), 3 (b) or 57o (c) glycerol i1 u Et glucose-citric

acid diluãnt (tr), and in this diluent containing 50 mM (O), or 100 mM øurine (A)' Each point is the

mean of 9 observations wilh s.e.m. shown by the vertical lines' r'P<0'01.

Table 5.1.2 Effect of glycerol and taurine concentration in the freezing diluent on the mean

PROGPC of ram spermatozoa during Post-thawing incubation'
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Each value is the mean of 27 observations, means different by more than 5.5 would be significantly
different (P<0.01).
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Fig.5.1.2 Changes in the PROGPC of spernatozoa during post-thawing incubation zt37oC
foliowing freezing a:nd thawing in the presence of 0 (a), 3 (b) or SVo (c) glygerol l1 " Et glucose-citric

acid diluãnt (tr), 
-and in this diluent containing 50 mM (O), or 100 rnM taurine (A)' Each point is the

mean of 9 observations with s.e.m. shown by the vertical lines, *P<0.01'

Table 5.1.3 Effect of glycerol and taurine concentration in the freezing diluent on the mean

RAPPC of ran spermatozoa during post-thawing incubation.
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Each value is the mean of 27 observations, means different by more than 6.0 would be significantly
different (P<0.01).

The overalt MODPC, was significantly lower for spermatozoafrozenin the absence than

in the presence of glycerol (P<0.001; Tabte 5.1.4). A higher MODPC of spermatozoa

when frozen in the diluent containi¡g 5Vo glycerol and 50 mM taurine than in the control

diluent was observed (P<0.001). Further, incubation significantly reduced MODPC

(P<0.001).
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Fig. 5.1.3 Changes in the RAPPC of ram spermatozoa during post-thawing incubation a¡ 37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or 57o (c) glycerol in a qis glucose-citric

acid diluãnt (tr), and in this diluent containing 50 mM (O), or 100 mM taurine (A). Each point is the

mean of 9 observations with s.e.m. shown by the vertical lines' *P<0.01.

Table 5.1.4 Effect of glycerol and taurine concentration in the freezing diluent on the mean

MODPC of ran spermatozoa during Post-thawing incubation.
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Each value is the mean of 18 observations, means different by more than 5.9 would be significantly
different (P<0.01).

The level of glycerol had no effect on the overall mean LIN, STR, VAP, VSL, VCL or

ALH of frozen-thawed ram spennatozoa. However, when semen was frozen in the

absence of glycerol, but in the presence of 250 mM taurine, LIN, STR, VAP, VSL, and

ALH were significantþ reduced compared with that of the control diluent (P<0.0O1; data

not shown). Incubation time had no effect on mean I-IN or STR, but the overall VAP,

VSL, VCL and ALH, declined during incubation (P<0.001).



5.2 Effect of Low Concentrations of Taurine in the Freezing Diluent on

the Post-Thaw Motitity Characteristics of Ram Spermatozoa Frozen in

Pellets

Materials and nætlnds

A 5x3 experiment was conducted to study the effect of taurine (O,25,50, 75 or 100

mlvl), and three concentrations of glycerol (0, 3 and 57o vlv) on the post-thaw motility

characteristics of ran spermatozoa. Two consecutive ejaculates Per ram were collected

by artifrcial vagina from the Deniliquin Merino rams (n=3). The ejaculates were divided

into 15 parts, diluted with one of the diluents specified above, cooled to 5 oC in 2h, and

pellet-frozen.

Results

The MOTPC (Table 5.2.t), PROGPC (Table 5.2.2), and RAPPC (Table 5.2.3) of

spermatozoa w¿f¿ higher when frozen in the presence than in the absence of glycerol

(P<0.001). Regardless of the concentration of glycerol in the diluent, MOTPC was

higher for spermatozoaftozen in the presence of 50 mM taurine than in its absence

(P<0.001). A better MOTPC of spermatozoafrozen in the glycerol-free diluents but

containing 75 mM or 100 mM taurine compared with that of the glycerol- and tar¡rine-

free diluents (P<0.001). Further, the MOTPC of spennatozoa frozen in the diluent

containing glycerol and 25 mM, was better compared with that of the control diluent

(P<0.001). In contrast, taurine had no effect on the PROGPC and RAPPC of

spermatozoa frozen in the glycerol containing diluents. Regardless of the diluent in

which semen was frozen, MOTPC (Fig. 5.2.1), PROGPC (Fig. 5.2.2), and RAPPC

(Fig. 5.2.3) declined during incubation (P<0.001).
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Table 52.1 Effect of glycerol and taruine concentration in the freezing diluent on the mean MOTPC
of rasr spennatozoa during post-thâwing incubation.
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47.4

48.3

40.0

42.3
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8.3
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24.2

23.6

t9.4

0
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50

75

100

530

Tau¡ine

(mM)

Glycerol 7o (vlv)

Each value is the mean of 18 observations, means different by nore than 10.1 would be significantly

different (P<0.01).
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Fig. 5.2.1 Changes in the MOTPC of ram spennatozoa during post-thawing incubation at 37oC
following freezingand thawing in the presence of 0 (a), 3 (b) or SVo (c) glycerol in a tris glucose-citric

acid diluent (tr), and in this diluent containing 25 mM (l), 50 mM (O), 75 rrM (O) or 100 mM taurine
(A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. *P<0.01.

Table 52.2 Effect of glycerol and taurine concentration in the freezing diluent on the mean

PROGrc of ran spetmatozoa during post-thawing incubation.

20.4

25.0

23.4

20.6

20.7

19.9

2r.2
24.7

2r.t
L7.8

4.8

6.5

14.7

13.2

9.8

0
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50
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100

530

Taurine

(trtM)
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Each value is the mean of 18 observations, means different by more than 8.0 would be signifrcantly
different (P<0.01).
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Fig.5.2.2 Changes in the PROGPC of ram spennatozoa during post-thawing incubation at37"C
folÏowing freezin'g and thawing in the presence õf 0 (a), 3 (b) or 5Vo (c) glVcergt in a tris^glucose-citric

acid diluent (tr), and in this diluent containing 25 mM (I), 50 mM (O), 75 urM (O) or l00mM taurine

(A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. *P<0.01.

Table 5.2.3 Effect of glycerol and taurine concentration in the freezing diluent on the mean PROGPC

of ram spennatozoa during post-thawing incubation.

20.7

25.5

24.0

20.8

2t.o

20.2

2r.7

25.0

2L.5

t8.2
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530

Taurine

(mM)
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Each value is the mean of 18 observations, means different by more than 9.0 would be significantly
different (P<0.01).

The overall MODPC, was signifrcantly lower for semen frozen in the absence than in the

presence of glycerol (P<0.001; Table 5.2.4). The MODPC of spermatozoa was better

when frozen in the diluent containing glycerol and taurine 50 mM than in the control

diluent (P<0.001). A higher MODPC was also observed when semen was frozen in the

diluent containing 57o glycercl and 25 mM or 100 mM taurine than it the absence of the

epididymal compound. Further, incubation significantly reduced MODPC (P<0.001).
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Fig.5.2.3 Changes in the RAPPC of ram sp_el atolol.during post-thawing incubation at37"C
foliowing freeangãnd thawing in the presence ol0 (a), 3 (b) or 57o (c) glycerol in a tris^glucose-citric

acid diluãnt (tr), ãnd in this diluent conøining 25 mM (I),50 mM (O),75 mM (O) or 100 mM taurine

(A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. 'ÈP<0.01.

Table 5.2.4 Effect of glycerol and taurine concentration in the freezing diluent on the mean

MODPC of ram sPermatozoa during post-thawing incubation'

34.3

47.4

48.3

40.0

42.3

34.9

37.6

45.3

39.0

34.3

8.3

tt.7
24.2
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Each value is the mean of 18 observations, means different by more than 6.7 would be signifrcantly

different (P<0.01).

The level of glycerol or taurine in the diluent had no effect on the overall mean LIN,

STR, VAP, VSL, VCL or ALH of frozen-thawed ram sperrnatozoa. Incubation time

had no effect on mean LIN or STR, but the overall VAP, VSL, VCL and ALH, declined

during incubation (P<0.001 ).



S.3 Effect of Hypotaurine in the Freezing Diluent on the Post-Thaw

Motitity Characteristics of Ram Spermatozoa Frozen in Pellets

Materials and mcthods

A 5x3 experiment exa¡nined the effect of hypotaurine (0,25, 50,75 or 100 mM), and

three concentrations of glycerol (0, 3 a¡d SVo v/v) on the post-thaw motility

characteristics of ram spermatozoa. Two consecutive ejaculates Per ram were collected

by artificiat vagina from the Deniliquin Merino rams (n=3). The ejaculaæs were divided

into 15 parts, diluted with one of the diluents specified above, then cooled to 5oC in 2h,

and pellet-frozen.

Results

The MOTPC (Table 5.3.1), PROGPC (Tabte 5.3.2), and RAPPC (Table 5.3.3) of

spermatozoa wer¿better when frozen in the presence than in the absence of glycerol

(P<0.001). The level of hypotaurine in the freezing diluents had no effect on MOTPC,

PROGPC, or RAPPC. Regardless of the diluent in which semen was frozen,

incubation signifrcantly reduced the MOTPC (Fig. 5.3.1), PROGPC (5.4-2), RAPPC

(Fig. 5.4.3; P<0.001).

Table 5.3.1 Effect glycerol and hypotaurine concentration in the freezing diluent on the mean MOTPC
of ran spennatozoa during post-thawing incubation.

35.5
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50
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100

530

Hypotaurine

(mM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 11.9 would be significantly

different (P<0.01).
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Fig. 5.3.1 Changes in the MOTPC of ram spermatozoa during Posþthawing incrrhati_on at 37oC

fol'iowing freezing-and thawing in the presence óf 0 (a), 3 (b) or 5Vo (c) glycer_o_l in_a-tri¡ glucose-citric

acid dilùent (tr),-and in this diluent iontaining 25 mM (t), 50 mM (O), 75 mM (O) or 100 mM
hypotaurine (À). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines.

Table 53.2 Effect of glycerol and hypotaurine concentration in the freezing diluent on the mean

PROGPC of ram spermatozoa during post-thawing incubation'

L9.6

20.5

17.6

14.6

t9.l

17.0

r6.6

19.0
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100

530

Hypotaurine

(mM)

Glycerol 7o (vlv)

Each value is the mean of 18 observations, means different by more than 7.1 would be signifrcantly
different (P<0.01).
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Fig. 5.3.2 Changes in the PROGPC of ran spennatozoa during post-thawing incubation at 37"C

foùowing freezingãnd thawing in the presence of 0 (a), 3 (b) or 5% (c) glycelo_l in_a_$¡ glucose-citric

acid dihient (tr), and in this diluent iontaining 25 nM (I), 50 mM (O), 75 mM (O) or 100 mM
hypoøurine (A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines'

Table 5.3.3 Effect of glycerol and hypotaurine concenEation in the freezing diluent on the mean

RAPPC of ram during post-thawing incubation.

20.0

2t.o
17.8
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19.6

t7.4

r7.o

19.4

20.t

t7.0

2.4

5.0

5.8

5.1

7.6

0

25

50

75

100

530

Hypotaurine

(mM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 7.4 would be significantly
different (P<0.01).

The overall MODPC, was significantly lower for semen frozen in the absence than in the

presence of glycerol (P<0.001; Table 5.3.4). In contrast the level of hypotaurine in the

freezing diluent had no effect on MODPC.
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Fig.5.33 Changes in the RAPPC of ran spermatozoa during post-thawing incubation at37"C
foliowing freezing äd thawing in the presence oÌ0 (a), 3 (b) ot 57o (c) glycelo] in-a-tri¡ glucose-citric

acid dihient (tr),-and in this diluent iontaining 25 mM (I), 50 mM (o), 75 mM (O) or l0O mM

hypotaurine (À). ¡actr point is the nean of 9 observations with s.e.m. shown by the vertical lines.

Table 5.3.4 Effect of glycerol and hypotaurine concentration in the freezing diluent on the mean

MODPC of ra¡n spernatozoa during post-thawing incubation'
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Each value is the mean of l8 observations, means different by nore than 6.3 would be significantly

different (P<0.01).

The level of glycerol or hypotaurine in the diluent had no effect on the overall mean LIN,

STR, VAP, VSL, VCL or ALH of frozen-thawed ram spetmatozoa. Incubation time

had no effect on mean LIN or STR, but The overall VAP, VSL, VCL and ALH, declined

during incubation (P<0.00 I ).



5.4 Effect of Inositol in the Freezing Diluent on the Post-Thaw Motility

characteristics of Ram spermatozoa Ftozen in Pellets

Materbls and metlnds

A 6x3 experiment examined the effect of inositol (0, 30, 60, 90, 120 and 150 mM), and

three concentrations of glycerol (0, 3 and SVo v/v) on the post-thaw motility

cha¡acteristics of ram spennatozoa. Two consecutive ejaculates Per ram were collected

by artifrcial vagina from the Ma¡tindale Merino rams (n=3). The ejaculates were divided

into 18 parts, diluted with one of the diluents specified above, cooled to 5 "C in 2h, and

pellet-frozen.

Results

The MOTPC (Tabte 5.4.1), PROGPC (Table 5.4.2) and RAPPC (Table 5.4.3) of

spermatozoa wgr better when frozen in the presence than in the absence of glycerol

(P<0.001). The addition of inositol (30 to 120 mM) to the diluents containing glycerol

had no effect on MOTPC, PROGPC or RAPPC. However, the MOTPC, PROGPC

and RAPPC of spermatozoa frozen in the diluent containing 150 mM and3Vo glycerol,

was lower compared with that of the control diluent. Further, incubation significantly

reduced MOTPC (Fig 5.a.1), PROGPC (5.4.2), and RAPPC (5.4.3).

Table 5.4.1 Effect of glycerol and inositol concentration in the freezing diluent on the mean

MOTPC of ram sPematozoa during post-thawing incubation.
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Each value is the mean of 27 observations, means different by more than 11.2 would be significantly
different (P<0.01).
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Fig.5.4.1 Changes in the MOTPC of ram spermatozoa during post-thawing incubation at37"C
folÏowing freezingfand thawing in the presence óf O (a), 3 (b) or 5Vo (c) glycer_o] in a_t'is glucose-citric

acid dilùent (tr),-and in thisiiluentiontaining 30 mM (r), 60 mM (a), 90 mM (>) or 120 mM

inositol (O). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines'
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Table 5.4.2 Effect of glycerol and inositol concentration in the freezing diluent on the mean

PROGPC of ran sperrnatozoa during post-thawing incubation'
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Each value is the mean of 27 observations, means different by more than 8.0 would be significantly

different (P<0.01).
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Fig.5.4.2 Changes in the PROGPC of ram spernatozgl duriae post-thawing incubation at3'7"C

iofio*ing freezingãnd thawing in the presen"" oi 0 (a), 3 (b) or 57o (c) glycerol in a-tris glucose-citric

acid dihient (tr)Jand in this-diluentìontaining 30 mM (r), 60 mM (a), 90 -I4 (>) or 120 mM

inositol (O). Eách point is the mean of 9 observations with s.e.m. shown by the vertical lines.

Table 5.4.3 Effect of glycerol and inositol concentration in the freezing diluent on the mean

RAPÞÓ of ram sP€nnatozoa during post-thawing incubation'
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Each value is the mean of 27 observations, means different by more than 8.6 would be signifrcantly

different (P<0.01).

The overall MODPC, was significantly lower for semen frozpn in the absence than in the

presence of glycerol (P<0.001; Table 5.3.4). The presence of inositol (30 mM to 120

mM) in the freezing diluent had no effect on MODPC. However, the MODPC, of

spermatozoa frozen in the diluent containing 150 mM and 37o glycerol, was lower
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compared with that of the control diluent. Further, incubation significantly reduced

MODPC.
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Fig. S.43 Changes in the RAPPC of ram spermatozoa during nost-thawing incubation a¡ 37oC

ioliowing freezing ãnd thawing in the presence of 0 (a), 3 (b) or 57o (c) glycerol in a_tris glucose-citric

acid dihient (tr),-an¿ in this-diluentìontaining 30 mM (I), 60 mM (a), 90 mM (>) or 120 mM

inositol (O). Eách point is the mean of 9 observations with s.e.m. shown by the vertical lines.

Table 5.4.3 Effect of glycerol and inositol concentration in the freezing diluent on the mean

MODÞC of ram sperÍtatozoa during Post-thawing incubation'
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Each value is the mean of l8 observations, means different by more than 4.4 would be significantly

different (P<0.01).

The level of glycerol or inositol in the diluent had no effect on the overall mean LIN,

STR, VAP, VSL, VCL or ALH of frozen-thawed ram sperrnatozoa. Incubation time

had no effect on mean LIN or STR, but The overall VAP, VSL, VCL and ALH, declined

during incubation (P<0.00 I ).
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Discussion

The better PTM of ram sperrnatozo^frozen in diluents containing glycerol observed in

the experiments presented here, is in agreement with results reported in Chapter 4.2, and

with those reported by Salanon (1968), Lightfoot and Sala¡non (1970a),'Watson and

Martin 1975) and Molinia et al. (1994a, b, c).

From the epididymal compounds used in these experiments, only taurine was found to

be cryoprotective to ram spernatozoa. In the absence of glycerol, the inclusion of 50

mM to 100 mI{ taurine to the freezing diluents was found to improve the post-thaw

motility of spermatozoa comparcd with that of semen frozen in the diluent without taurine

(Tables 5.1.1 and 5.1.2). However, when glycerol was present in the freezing diluent,

an improvement on MOTPC was only observed in the presence of 25 or 50 mM taurine.

The results from experiments 5.1 and 5.2, indicate that the optimal concentration of

taurine in freezing diluents for ram spermatozoa is 50 mM.

Taurine has also been reported to improve the PTM of frozen bull spermatozoa. Chen ¿f

al. (1993) found a small but signifrcant improvement on the post-thaw motility of bull

spennatozoa when taurine (7-2S mM) was included into a whole milk-glycerol diluent.

On the other hand, the reduced PTM characteristics of spennatozoa frozen in diluents

containing more than 100 mM taurine, may be related to the excess tonicity and/or to

possible toxic effects of this amino acid on spermatozoa (Iæibfried and Bavister 1981).

The cryoprotective action of taurine on ram spermatozoa pellet-frozen in the absence of

glycerol reported here, is similar to that reported for adonitol, xylitol and trehalose by

Molinia et al. (1994b, c), but is lower (31.0 v. 46.6 Vo) compared with that of

spermatozoa frozen in a Tes-based diluent containing LOVo glucose (Abdelhakean et aI.

1991b). These contrasting results may be due to differences in the freezing diluent,

dilution and freezing protocol. However, the minimal degree of protection of the higher

concentrations of tatrine in glycerol-containing diluents, could be atuibuted to ttre limited

solubility of the amino acid with increasing concentrations (Carpenter and Crowe 1988).

The low cryoprotection of hypotaurine on ram spermatozoa, found in experiment 5.3,
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contrast with that reported by Chen et al. (1993) for bull spermatozoa. These workers

reported a small but significant improvement on PTM, when hypotaurine (7 mM) was

included into a whole milk diluent. The results presented in experiment 5.3 indicate that

hypotaurine can be incorporated into tris-based diluents without affecting the PTM of

râm sperrnatozor. The difference in cryoprotective action between hypotaurine and

taurine may be due to the osmoregulation and buffering properties of the latter.

Hypotaurine has been shown to be a potent antioxidant, but there is no information on its

osmoregulation or ion modulation properties.

In experiment 5.4, the inclusion of inositol had no effect on motility of frozen-thawed

spennatozoa. The low cryoprotective capacity of inositol observed in the present

experiment has also been reported by Molinia et al. (1994a) for ram spermatozoa and by

Carpenter and Crowe (1983) for the enzyme lactate dehydrogenase. However, they

contrast with reports by Carpenter et al. (1986) who found that the inositol improved the

recovery of activity of phosphofructokinase after freeze-thawing, and by Abdelhake^rn et

aI. (l99la) for ram spermatozoa frozen in straws. These workers used a "cold dilution

method" and a tes-based diluent containing lOTo (vlv;550 rnl{) inositol and no glycerol,

and found a post-thaw motility of 49.6Vo immediately after thawing. The disagreement

between results presented here and those reported by Abdelhakeam et al. (L99la) could

be due to differences in diluent composition, and in dilution and freezing protocol.

Since the inclusion of taurine, hypotaurine and inositol to freezing diluents, has no

deleterious effects on the survival in vitro of frozen-thawed semen, it remains to be seen

if their inclusion into freezing diluent, has any effect on the fertilising capacity of frozen

ram spermatozoa.



Chapter 6

Effect of Antioxidants in the Freezing Diluent on the Post'Thaw

Motility Characteristics of Ram Spermatozoa Frozen in Pellets

Introductíon

Va¡ious researchers have reported that cryoinjury may be enhanced by the presenóe of

free radicals which may induce lipid peroxidation (Matthes et aI. 1980, 1981; Alva¡ez

and Storey 1992;Bell et at. 1993). Recently, Griveau and Lannou (1994) indicated that

the damage caused to spermatozoa by preparation techniques can be prevented by the

addition of antioxidants to the freezing diluents.

Carnosine, an antioxidant naturally occurring in several tissues, is reported to be an

antioxidant capable of preventing the accumulation of oxidised products derived from the

lipid components of biological membranes. Furthennore, carnosine has been found to

possess SOD activity and appears to regulate lipoxygenase activity (Quinn et al. 1992).

Another compound known for its antioxidant properties is ascorbic acid which occurs in

seminal plasma in the ram and in the bull as the principal reducing agent. It has been

suggested that ascorbic acid may inhibit free radical induced damage (tWilson 1974, cited

by Jackson and Edwards 1985).

In previous experiments compounds like proline and øurine, which provide protection to

cells under osmotic stress conditions and have antioxidant properties (Smirnoff and

Cumbes 1989; Alvarez and Storey 1983b), improved the post-thaw survival of ram

spennatozoa. Therefore, considering the potential benefits of carnosine and ascorbic

acid, the following experiments $rere conducted to study their effect on the post-thaw

motility characteristics of ram spermatozoa.
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Materials and Metlnds

Two 5x3 experiments were conducted to study the effect of five concentrations of

carnosine (experiment 6.1) and ascorbic acid (experiment6.2), (O,25,50, 75 or 100

mM), and three concentrations of glycerol (0, 3 and 57o,vlv) in the freezing diluents on

the post-thaw motility characteristics of ra¡n sPermatozoa. All diluents were tris-based

and contained egg yolk (líVo v/v), and were adjusted to pH 7.0 with lM KOH or lM

citric acid. For each experiment two ejaculates per ram were collected by artificial

vagina from the Deniliquin Merino rams (n=3). Ejaculates were divided into 15 parts

for dilution (1:4, semen:diluent) with one of the diluents specified above, cooled to 5 "C

in 2h, and then frozen into pellets and stored in liquid nitrogen. Th¡ee pellets per ram

per treaünent (n=9) were assessed with the HTM after incubation at 37"C for 0 or 6 h.

Results

The absence of glycerol, and incubation at37"C significantly reduced most of the post-

thaw motility characteristics of ram spermatozoa assessed by the IITM (P<0.001). The

inclusion of 25 mM carnosine or ascorbic acid in the diluents had no effect on the post-

thaw motility characteristics of frozen-thawed ram spermatozoa. However, the motility

of spermatozoa was lower in diluents containing 100 mM camosine or ascorbic acid than

in the control diluent. The results pooled for incubation showing the effect of carnosine

and glycerol on the post-thaw motility cha¡acteristics are presented in Tables 6.t.t4,

and results showing the effect of ascorbic acid and glycerol are presented in Tables

6.2.14. The effect of glycerol in combination with carnosine or ascorbic acid on the

motility cha¡acteristics of ram spermatozoa during incubation are Presented in Figures

6.1.1-3, or in Figures 6.2.I-3, respectively.

The overall MOTPC (Table 6.1.1 and 6.2.t), PROGPC (Table 6.1.2 and 6.2.2),

RAPPC (Table 6.1.3 and 6.2.3), and MODPC (Table 6.1.4 and 6.2.4) of spermatozoa

were better when the semen was frozen in the presence of glycerol than in its absence

(P<0.001). A slightly but not significantly lower MOTPC, PROGPC and RAPPC of
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spennatozoa frozen in the glycerol-containing diluents with 50 or 75 mlvl carnosine than

in the control or in the diluent çs¡t¡ining 25 mM ca¡nosine was observed. However,

these motility characteristics were lower when frozen in the presence of 100 mlvf

carnosine or ascorbic acid than in the control diluent, in the diluent containing 25 mlvl

ca¡nosine or 25 mM or 50 mI\4 ascorbic acid (P<0.001). Regardless of the type of

diluenr, MoTPc (Fig. 6.1.1 and Fig. 6.2.I), PROGPC (Fi1.6.L.2 arÅ 6.2.2), and

RAPPC @g.6.1.3 and6.2.3) declined during incubation (P<0.001).

The concentation of glycerol, carnosine or ascorbic acid in the diluents had no effect on

the overall mean LIN, STR, VAP, VSL, VCL or ALH of frozen-thawed ram

sperrnatozoa. Incubation time did not affect mean LIN or STR, but the overall VAP,

VSL, VCL and ALH, declined during incubation (P<0.001).

6.1 Effect of Carnosine in the Freezing Diluent on the Post-Thaw Motility

Characteristics of Ram Spermatozoa Frozen in Pellets

Table 6.1.1 Effect glycerol and carnosine concentration in the freezing diluent on the mean MOTPC
of ram spermatozoa during post-thawing incubation.

3L.6

33.6

2r.9
18.9

t7.5

32.7

32.9

22.3

22.6

15.3

4.6

6.0

7.r

7.3

8.5

0

25

50

75

100

530

Carnosine

(mM)

Glycerol Vo (vlv)

Each value is the mean of l8 observations, means different by more than 11.3 would be significantly
different (P<0.01).

Table 6.1.2 Effect of glycerol and carnosilie concentration in the freezing diluent on the mean

PROGPC of ram spermatozoa during post-thawing incubation.

17.9

18.7

12.7

tr.4
9.8

18.4

18.3

t2.8

t4.0

8.1

2.6

3.3

4.2

4.0

4.5

0

25

50

75

100

530

Carnosine

(mM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 7.8 would be significantly
different (P<0.01).
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Fig.6.1.1 Changes in MOTPC of ram spermatozoa during post-thawing incubation at37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or SVo (c) glycerol in a tris glucose-citric
acid diluent (tr), and in this diluent containing 25 mM (I), 50 nM (O), 75 mM (a) or 100 mM
carnosine (A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. *P

<0.01
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Fig. 6.1.2 Changes in the PROGPC of ram sperrnatozoa during post-thawing incubation a¡ 37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or 57o (c) glycerol in a tris glucose-acid
diluent (tr), and in this diluent containing 25 nM (f), 50 mM (o), 75 nM (o) or 100 mM carnosine
(A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. *P <0.01
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Table 6.13 Effect of glycerol and carnosine concentration in the freezing diluent on the mean

n¡ppC of ra¡n spennatozoa during post-tha$'ing incubation'

18.1

19.2

13.0

11.5

9.9

18.7

18.7

13.0

t4.3

8.3

2.6

3.3

4.2

4.0

4.6

0

25

50

75

100

530

Carnosine

(mI'f)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by nore than 7.8 would be signifrcantly

different (P<0.01).
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Fig. 6.1.3 Changes in the RAPPCof ran spertrratozoa during post-thawing incubation at 37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or 57o (c) glycerol in a tris glucose-citric
acid diluent (tr), and in this diluent containing 25 mM (r), 50 mM (o), 75 mM (a) or 100 mM
carnosine (A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. tP
<0.01

Teble 6.1.4 Effect of glycerol and carnosine concentration in the freezing diluent on the mean
MODrc of ram spermatozoa during post-tha$,ing incubation.

1 1.1

t2.o

8.8

7.3

7.5

8.3

14.2

9.2

11.6

6.9

1.9

2.6

2.8

3.2

3.9

0

25

50

75

100

530

Carnosine

(nM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 5.6 would be signifrcantly
different (P<0.01).



6.2 Effect of Ascorbic Acid in the Freezing Diluent on the Post-Thaw

Motttity Characteristics of Ram Spermatozoa Frozen in Pellets

Results

Table 6.2.1 Effect glycerol and ascorbic acid concentration in the freezing diluent on the mean

MOTFC of ram spennatozoa during post-thawing incubation.

39.9

36.1

22.5

30.6

2L.l

4r.4

34.5

35.s

30.9

20.8

8.0

6.4

7.2

9.2

9.7

0

25

50

75

100

530

Ascoóic acid

(mM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than ll.7 would be significantly
different (P<0.01).

Table 6.2.2 Effect of glycerol and ascorbic acid concentration in the freezing diluent on the mean

PROGPC of ran sperÍratozoa duing post-thawing incubation.

20.0

19.3

10.5

t4.5

8.6

22.2

17.4

t7.7

t4.9

9.8

4.2

3.4

3.8

3.7

4.5

0

25

50

75

100

530

Ascorbic acid

(mM)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 6.4 would be significantly
different (P<0.01).

Table 6.2.3 Effect of glycerol and ascorbic acid concentration in the freenng diluent on the mean
RAPPC of ra¡n spermatozoa during post-tha\iling incubation.

20.4

t9.7

10.7

14.8

8.7

22.7

17.8

t7.9

t5.2

9.9

4.3

3.4

3.8

3.8

4.6

0

25

50

75

100

530

Ascorbic acid

(ml\'l)

Glycerol Vo (vlv)

Each value is the mean of 18 observations, means different by more than 6.ó would be significantly
different (P<0.01).
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Fig. 6.2.1 Changes in the MOTPC of ram spermatozoa during post-thawing incubation at 37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or 5Vo (c) glycerol in a tris glucose-citric
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<0.01
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Fig. 6.2.2 Changes in the PROGPC of ram spermatozoa during post-thawing incubation at 37oC
following freezing and thawing in the presence of 0 (a), 3 (b) or 5Vo (c) glycerol in a tris glucose-acid
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Fig. 6.2.3 Changes in the RAPPC of ram spermatozoa during post-thawing incubation at 37"C
following freezing and thawing in the presence of 0 (a), 3 (b) or 5Vo (c) glycerol in a tris glucose-citric
acid diluent (tr), and in this diluent containing 25 mM (I), 50 mM (o), 75 mM (O) or 100 mM
ascorbic acid (A). Each point is the mean of 9 observations with s.e.m. shown by the vertical lines. *P

<0.01

Table 6.2.4 Effect of glycerol and ascorbic acid concentration in the f¡eezing diluent on the mean
MODPC of ram spermatozoa during post-thawing incubation.

18.6

t6.4

tt.7
15.8

12.3

18.8

16.7

r7.6

15.8

10.8

3.7

3.0

3.4

5.4

5.1

0

25

50

75

100

530

Ascorbic acid

(mM)

Glycerol 7o (vlv)

Each value is the mean of l8 observations, means different by rnore than 6.2 would be significantly
different (P<0.01).

Discussion

Alvarez and Storey (1992) suggested that the cryopreservation process enhances lipid

peroxidation in human spermatozoa, and that this enhancement is mediated in part by a

loss of SOD activity. Several workers have shown that the inclusion of antioxidants in



208

freezing diluents can protect spermatozoa from the detrimental membrane changes

associated with dilution and freezing stress. In the experiments presented here camosine

and ascorbic acid, two compounds known for their antioxidant properties, were included

in tris-based diluents. The presence of 25 mM of carnosine or ascorbic acid in the

diluents containing glycerol had no effect on the post-thaw motility characteristics of ram

spermatozoa. However, when the concentration of either antioxidant in the diluent was

increased to 100 mM, the post-thaw percentage of motile cells was low. Although

antioxidants inhibit oxidation, there are circumstances wherein they promote rather than

inhibit oxidising damage. Borg and Schaich (1989) indicated that, it is common for

reducing antioxidants to manifest pro-oxidant actions at lower concentrations of the

agents to give way to net antioxidation at higher concentrations. Since the lower

concentration of antioúdants had no effect on the post-thaw survival of spermatozoa, the

deleterious effect of the highest concentration of carnosine and ascorbic acid on the

survival of frozen-thawed spermatozoa, could be accounted for by an increase in the

tonicity and./or toxicity of the diluents.

The post-thaw motility results of spermatozoafrozen in the presence of 25 mM carnoslne

or ascorbic acid indicate that these antioxidants can be included in diluents for the

cryopreservation of ram spematozoa. However, it remains to be seen if they could

have an effect onthe fertilising ability of cryopreserved spermatozoa. Furthermore,

since these antioxidants did not improve the post-thaw motility, it is possible that the

improvement observed on the motility characteristics of ram sperrnatozoa frozen in the

presence of proline and taurine reported previously, may be due to other than their

antioxidant properties.



ChaPter 7

The Fertility of Ram Spermatozoa Frozen in Proline-, Glycine Betaine''

or Taurine-Containing Diluents

Introùrction

Artificial insemination with frozen semen has not been adopted widely by commercial

sheep producers since low fertility rates generally occur after cervical insemination.

Problems related to the reproductive Eact of the ewe, AI methods and the preservation of

semen result in higher cost of AI, thus limiting its utilisation to elite flocks, and reducing

the impact of genetically superior rams over the national flock. During the last 20 years

techniques have been developed to overcome the cervical ba¡rier, resulting in acceptable

commercial pregnancy rates. Nevertheless, some of these methods are not of practical

use for commercial AI in sheep due to the high labour costs involved (laparoscopic

insemination). A modified transcervical insemination method, which has the potential of

being performed by trained farm staff, would overcome the problems and costs involved

with laparoscopy. In addition, the cryopreservation process is reported to reduce the

viability and fertility of spermatozoa. It has been suggested that by improving the

survival and integrity of frozen-thawed sperrn, better fertility rates may be expected. In

previous experiments (Chapter 4 and Chapter 5), proline, glycine betaine or taurine

improved the post-thaw motility cha¡acteristics of ram semen as assessed by the HTM

motility ana\yzer. Several workers have reported that motility characteristics assessed

by computer image analyses systems are correlated with in vitro fertilisation rates of

human spermatozoa (Holt et aI. 1985; Fetterolf and Rogers, 1990; Liru et aI. 1991).

Considering the beneficial effects of proline, glycine betaine and taurine on the post-thaw

motility characteristics of ram spermatozoa, on-farm experiments were conducted to see

whether these compounds had an effect on the fertility of frozen-thawed ram semen after

cervical, transcervical or intrauterine insemination (Chapter 7.1). In addition, post-thaw

motility characteristics results were subjected to correlation analysis, to see if relations

between these characteristics and pregnancy rates exist (Chapter 7 .2).

ü
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Materials andmethods

I-o c at ion of e xp eriment s

Experiments 7.1 to 7 .3 were conducted at the Experimental Farm of The University of

New South Wales at Hay, New South'Wales. Experiment 7.4 was conducted at the

Avondale and at the Mt. Barker Research Stations of the Department of Agriculture,

Western Australia, and experiment 7.5 was conducted at the stud propetry Moorundie

Park in Gulna¡e, South Australia.

Diluents

Diluents tvere prepared as described in Chapter 3.3. In all the experiments, a tris-based

diluent (TC) as described by Salamon and Visser (1972), and Evans and Maxwen (1987)

was used as the control diluent. In addition, a hepes-buffered (hepes) diluent was

included as a positive control in experiments 7.1, '7.3, and 7.4. Proline-containing

diluents (TC+P) were used in all experiments (65 mM in experiment7.I and 54 mM in

experimentsT.2to 7.5), glycine betaine-containing diluents (TC+GB) were only used in

experiment 7 .l (65 mM) and experiments 7 .2 to 7 .4 (54 mM). A TC diluent containing

proline (65 mM) and glycine betaine (65 mM) was used in experiment 7.1 (TC+PGB),

and a taurine-containing (50 mM) diluent (TC+T) was used in experimentT.2.

Semen collection, dilution and freezing

Semen from the Deniliquin Merino rams (n=14) was collected by anificial vagina for

experiments 7.1 to'7.3, from Awassi fat tail rams (n=13) in experimentT.4, and from

Poll Merino rams (n=3) in experiment 7.5. Immediately after collection, semen was

pooled and diluted in experiments 7.1 to7.3, and individual ejaculates were used in

experiments 7.4 and 7.5. For frozen storage semen was diluted three fold in

experiments 7.1 and7.5, and five fold in experiments7.2to7.4 with the appropriate

diluents and frozen in pellets. Semen for fresh used was collected from the same rams as

for frozen storage on the day of insemination, and was diluted as required with a

Dulbecco' s phosphate buffered saline solution.
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Ass es sment of frozen-thawed spermatozoa

For experiments 7.1 to 7 .3, pellets (n=9) from each treatment and from the same batch

used for insemination were thawed, and semen analysed for post-thawing motility

characteristics of spermatozoa, and for acrosome integrity of spermatozoa (ACR) in

experimentT.l. In experimentT.4, pellets (n=3) from eight rams and from each

treatment used for insemination were thawed and semen analysed with the HTM. The

post-thaw motility characteristics of spermatozoa were not assessed in experiment 7.5

due to a lack of spare pellets at the end of the AI program.

O e s tr us synchroni s ation

Merino ewes were treated with Repromap@ sponges for 12-14 days in experiments 7.1

(n=490), 7.2 (n=420) and 7.3 (n=487), with Ovakron@ sponges in experiment 7.4

(n=2,100) or with Chronogest@ sponges in experiment 7.5 (n=525). At sponge

removal the ewes were injected with 400 i.u. PMSG.

Method and. dose of insemination

Ewes were inseminated 50-60 h after sponge removal. In experiments 7.1, and7.5

ewes were subjected to cervical insemination with 180 million motile frozen-thawed

spermatozoa. In experiment7.2, ewes were first cervically inseminated with 90 million

motile frozen-thawed spermatozoa, and re-inseminated with the same dose 10-12 h after

the first insemination. As a control,5l ewes (experiment 7.1) and t72 ewes

(experiment 7.5) were inseminated into the cervix with 180 million fresh motile

spermatozoa. Laparoscopic insemination was carried out in experiments with 20,36,

30 or 18 million motile frozen-thawed spermatozoa in experiments 7.1 to 7.4,

respectively. Transcervical insemination with 30 million motile frozen-thawed

spermatozoa was also performed in experiment7.3.
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Pregnnncy diagnosis

Fertility was assessed by radioimmunoassay of plasma progesterone l7 days after

insemination and ultrasound at 65 days in experimentT.L, by ultrasound in experiments

7.2to7.4, and by lambing in experimentT.5.

Statistical analyses

Data on post-thaw motility characteristics data were subjected to ANOVA and fertility

data were analysed by X2 analysis of contingency tables. Post-thaw semen

characteristics and fertility data from experiments where semen was frozen in tris-citrate,

hepes-based, proline- or glycine containing diluents were pooled and subjected to a pair-

wise correlation procedure.

7.1 Fertility of Ram Spermatozoa Frozen in Tris-Based Diluents

Containing Compatible Solutes after Cervical, Transcervical or

Laparoscopic Insemination

Results

Diluent composition only influenced some of the PTM characteristics of spermatozoa,

however, a significant difference between rams was observed for most of the

characteristics of frozen-thawed semen. Therefore, data of the characteristics

influenced and acrosome integrity of spermatozoa immediately after thawing, and

pregnancy rates of ewes after insemination with frozen-thawed semen used in the

insemination trials are presented in Tables 7.1.1 and7.l.2.

Post-thnw characteristics of spermatozoa

In experiment 7 .I, neither the inclusion of proline or glycine betaine in the tris-based

diluents nor the hepes-based diluent had an effect on the PTM characteristics or on the

acrosome integrity of ram spermatozoa (Table 7.LD. However, MOTPC and PROGPC
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were lower for spermatozoafrozenin the proline plus glycine betaine diluent than in the

other diluents (P<0.01). In contrast, in experiment 7.2, MOTPC and PROGPC of

spermatozoa frozen in the proline- or glycine betaine-containing diluent was significantly

higher compared with that of the control (P<0.01). Further, taurine had no effect on

ram spetmatozoa. In experiment 7.3, MOTPC was higher for semen frozen in the

proline-containing than in the control or the hepes-based diluent (P<0.01). Proline had

no effect on PROGPC, however, spermatozoa frozen in the hepes diluent showed a

higher PROGPC of compared with that of the control (P<0.01). The MOTPC and

PROGPC of spermatozoa in experiment 7.4 were higher when semen was frozen in the

proline-, glycine-containing or in the hepes-based diluent than in the control (P<0.01).

Further, a significant difference between rams was observed for most of the

characteristics of frozen-thawed semen (Table 7.1.2; P<0.01).

F ertility of spe rmntozoa

Fertility was higher after intrauterine than cervical or transcervical insemination (P<0.01)

and for fresh than frozen-thawed semen (P<0.01; Table 7.1.Ð. In experiment 7.1,

there were no differences between pregnancy rates at 17 or 65 days after insemination.

However, the day 65 pregnancy rates after cervical or laparoscopic insemination of ewes

with spermatozoa. frozen in proline plus glycine betaine was lower than that of the other

diluents (P<0.01). In contrast, diluent composition had no effect on the fertility of

frozen-thawed semen in experiment7.2 to 7.5. However, a difference in the proportion

of ewes pregnant per ram after insemination with frozen-thawed or fresh semen was

observed in experiments7.4 and 7.5 respectively (P<0.01; Table 7.t.2).
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Tabte 7.1.1 Post-thaw motility cha¡acteristics and pregnancy rates from plasma progesterone assay

and/or ultrasound scanning of ewes in insemination trials with semen frozen and thawed in diluents
containing compatible solutes.

** P<0.01; * P<0.05 higher than TC; $ P<0.01 lower than TC; i[ P<0.01 lower than laparoscopy; +

P<0.01 higher than frozen semen.

TC

TC+P

Fresh

Cervical

Cervical

Cervical

5t205

5n9s
39t172

2.4

2.5

22.6+

7.5

TC

Hepes

TC+P

TC+GB

51.4

58.4*

65.2**

66.4**

37.6

43.5*

47.2**

47.9**

Laparoscopy

Laparoscopy

Laparoscopy

Laparoscopy

2521s20

260t534

227t5rO

23U5t4

48.4

48.6

44.5

44.7

7.4

TC 44.2 2r.t Laparoscopy

Transcervical

Laparoscopy

Transcervical

Laparoscopy

Transcervical

65n30

3130

78n33

U30

78t134

U30

50.0

10.01[

58.6

3.31t

58.2

3.3i1

Hepes 44.4 27.6x

7.3

TC+P 54.1** 25.6

TC 35.0 20.5 Laparoscopy

Cervical

Laparoscopy

Cervical

Laparoscopy

Cervical

Laparoscopy

Cervical

16t39

4t65

25t42

5l6r
15l4l
4t66

t7l4l
2t62

4t.o
6.UI

59.5

8.2i1

36.5

6.Oit

4r.4

3.2\

TC+P 47.1** 27.5*

7.2

TC+GB 52.4** 29.0*

TC+T 41.0 24.1

TC 43.0 18.9 35.6

40.3

32.3

43.5

37.5

Laparoscopy

Cervical

Laparoscopy

Cervical

Laparoscopy

Cervical

Laparoscopy

Cervical

Laparoscopy

Cervical

Cervical

28t40

9140

33t43

rOt45

23t39

t5t45

26t4t

r0t39

rol44

5t46

t9t48

70.0

22.5

76.7

22.2

58.9

33.3

63.4

25.6

22.7

10.8

39.5

28t42

9t43

32t45

st46

t9144

8144

r6t40

5t43

4142

3t46

2U50

66.6

20.9II

7t.r
lo.8jl
43.1

l8.ul
40.0

11.691

e.s$

6.s$

42.0+

Hepes 43.9 22.9

TC+P 43.1 15.4

7.t
TC+GB 49.0 19.5

TC+PGB 27.0$ 8.5$

Fresh

Experiment Diluent

Insemination

MOTPC PROGPC ACR Method

hegnant ewes at:

17 days 65 days

#Vo#Vo
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Table7.l.2 Effect ofram on thepost-thaw motility characteristics and pregnancy ratesofewes
after insemination with frozen-thawed (experiment 7.4) or fresh semen (experiment 7.5)'

1

2

3

331108

2t25

4t39

30.5

8.7*

ro.2
7.5

7.4

1

1

3

4

5

6

7

8

9

10

11

t2
13

59.7

5t.2

50.5

57.7

48.8

40.8*

42.9

31.6x

43.1

33.t

34.5

41.3

38.0

32.8

30.6

22.6*

r28.7

102.8*

t29.0

118.1

106.1*

120.8

110.5

t07.2*

tt6.2
93.3*

116.5

r07.4

99.1 *

1I2,3

r02.6

100.0*

t4r.3
114.9*

t42.r
r31.9

113.3

129.1

1r9.3

116.3*

t44t245

831208

561r47

871t83

73tr38

40tr37

9U255

rovL69
86n47

7514s2

751167

33l88

26t45

49.3

40.4*

58.7

47.5

52.9

44.9

35.6*

59.7

s8.5

29.2*

38.1 *

37.5*

57.7

Experiment Ram

Motility characteristics

MOTPC PROGPC VAP VSL VCL

Pregnant ewes

#7o

* P<0.01 lower than other rams.

7.1.2 Correlation Coefficients Between Semen Traits and Fertility

Materials andmethods

Post-thaw semen traits and fertility data from experiments where intrauterine

insemination was performed with semen frozen in TC, hepes-based, TC+P or TC+GB

diluents were pooled and subjected to a pair-wise correlation procedure.

Results

The correlation analysis showed that the semen motility estimates were not related to the

percentage of ewes pregnant (PREGPC). The overall correlation coefficients between

semen traits and PREGPC are presented in Table 7 .I.2.I and the corelation coefficients

for semen traits of spermatozoa frozen in TC, hepes-based, TC+P or TC+GB diluents

are presented in Tables 7 .2.2 to 7 .2.5. As expected correlations between several of the

semen traits were observed. The overall MOTPC, RAPPC, and PROGPC of
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spefmatozoa were highly correlated to VAP, VSL, VCL, and ALH and sperm VAP,

VSL and VCL were correlated to ALH (P<0.01; Table 7.I.2.1). In addition a

correlation between mean LIN and STR was observed (P<0.01).

Table 7.1.2.1 Overall correlation coefficients between percentage of pregnant ewes (PREGPC)
and frozen-thawed semen cha¡acteristics

MOTPC -0.031

PROGPC -0.030

RAPPC -0,029

MODPC 0.000

LrN -0.055

srR -0.131

vAP 0.143

vsl. 0.132

vcl. 0.135

AU{ 0.086

0.91 I *

0.94t*

-0.010

-0.007

-0.113

0.435*

0.377*

0.406*

0.466*

0.989*

-0.399*

0.323

0.222

0.643*

0.614*

0.574*

0.451*

-0.639*

-0.645*

-0.686*

-0.728*

-0.613*

-0.270

-0.346*

0.207

0.109

0.641*

0.600*

0.589*

0.531x

0.973*

0.287 0.211

0362* 0.293

0.t02 0.036

-0.379* -0.385*

0.995*

0.973* 0.956*

0.691* 0.631* 0.777*

PRECIPC MOTPC PROGPC RAPPC MODPC LIN STR VAP VSL VCL

Pearson Conelation Coefficients / Prob > lRl under Ho: Rho=O / N = 59 * P<0.01

Table7.l.2.2 Correlation coefficients between percentage of pregnantewes(PREGPC)andtraits
of semen frozen in a Tris-citrate diluent.

MOTPC 0.147

PROGPC 0.188

RAPPC 0.I33

MODPC -0.045

LrN 0.195

srR -0.034

VAP 0,173

vsl. 0.186

vcL 0.137

ALH -0.234

0.879*

0.909*

-0.296

0.309

0.205

0.696*

0.677*

0.656*

0.510

0.991*

-0.701*

0.646*

0.564

0.846*

0.850*

0.791*

0.452

-0.667*

0.562

0.491

0.861*

0.859*

0.818*

0.540

-0.738*

-0.758*

-0.730*

-0.759*

-0.702*

-0.325

0.998*

0.983* 0.978*

0.696* 0.667* 0.781*

0.956*

0.463 0.370

0.503 0.4r1

0.333 0.253

-0.208 -0.167

PREGPC MOTPC PROGPC RAPPC MODPC LIN STR VAP VSL VCL

Pearson Correlation Coefficients / Prob > lRl under Ho: Rho=O N = 15. *:P<0.01
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Table 7.1.2.3 Correlation coefficients between percentage of pregnant ewes (PREGPC) and traits
of semen frozen in a hepes-based diluent.

Pea¡son Correlation Coeffrcients / Prob > lRl under Ho: Rho=O / N = 15. *: P<0.01

Table7.l.2.4 Correlation coefficients between percentage of pregnantewes(PREGPC)andtraits
of semen frozen in a tris-based diluent containing proline.

MOTrc -0.171

PROGPC.O.2O2

RAPPC -0.169

MODFC 0.073

LrN -0.108

srR -0.118

vAP -0.100

vsl. -0.136

vq. -0.105

ALH -0.044

0.877*

0.928*

-0.279

0,005

-0.108

0.712*

0.647*

0.646*

0.537

0.984*

-0.684*

0.356

0.273

0.903x

0.894*

0.787*

0.440

-0.516

-0.532

-0.795*

-0.846*

-0.715*

-0.303

-0.617

0.204

0.118

0.892*

0.858*

0.807*

0.558

0.987*

0.264 0.206

0.390 0.340

-0.015 -0.056

-0.564 -0.567

0.989*

0946* 0.909x

0.594 0.493 0.764*

PREGPC MOTPC PROGPC RAPPC MODPC LIN STR VAP VSL VCL

MOTPC -0.267

PROGPC -0.274

RAPPC -0.266

MODPC 0.091

LrN -0.326

srR -0.439

vAP 0.174

vsl. 0.157

vcl, 0.173

ALH 0.262

o.921*

0.960*

-0.195

-0.106

-o.223

0.644*

0.604*

0.627*

0.578

0.981*

-0.534

0.238

0.089

0.7t7*

0.701*

0.674*

0.504

-0.458

0.085

-0.056

0.761*

0.735x

0.734*

0.601

-0.681*

-0.553

-0.589

-0.624*

-0.544

-0.236

o.964*

-0.019 -0.156

0.050 -0.077

-0.t23 -0.245

-o.453 -0.535

0.995*

0.988* 0.975*

0.862* 0.826* 0.915*

PREGPC MOTPC PROGPC RAPPC MODPC LIN STR VAP VSL VCL

Pea¡son Correlation Coefficients / Prob > lRl under Ho: Rho=O / N = 15. *:P <0.01
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Table 7.1.2.5 Correlation coefficients between percentage of pregnant ewes (PREGPC) and Faits

of semen frozen in a tris-based diluent containing glycine betaine.

Pearson Correlation Coefficients / hob > lRl under Ho: Rho=O / N = 14. *:P <0'01

Discussion

The cryopreservation process has been reported to reduce the viability and fertility of

spennatozoa. It has therefore been suggested that by improving the survival and

integrity of spermatozoa after freezing and thawing, better fertility rates might be

obtained after insemination. The experiments presented here were conducted to assess

the fertilising capacity of ram spermatozoa frozen in diluents found to improve post-thaw

motility.

P ost-thaw motility characteristics of frozen-thawed spermatozoa

A wide variation in the post-thawing motitity characteristics between rams was observed

in experiment 7.4. This finding corresponds with those reported by Eppleston and

Maxwell (1995). These workers found a large range in the post-thaw MOTPC (ll.2to

89.2Vo) and PROGPC (5.4-8.4) of frozen-thawed semen. Differences between rams

could have been overcome by pooling ejaculates before freezing, however this was not

possible since knowledge of each larnb's sire was required in this insemination progr¿Im.

MOTPC 0.218

PROGPC 0.240

RAPPC 0,236

MODPC -0.090

LrN -0.066

srR -0.010

vAP 0.338

vsr, 0.332

vq. 0.376

ALH 0,433

0.938*

0.954

0.026

-0.098

-0.154

0.672*

0.60s

0.712

o.733*

0.993*

-0.304

0.220

0.r68

0.839*

0.806*

0.792*

0.ó90*

-0.274

0.t24

0.078

0.829*

0.786*

0.809*

0.748*

-0.733*

-0.757

-0.ó13

-0.683*

-0.4r7

-0.144

0.984*

0.338 0.298

0.437 0.403

0.030 -0.011

-0.316 -0.315

0.993*

0.938* 0.901*

0.738* O.667* 0.843*

PREGrc MOTPC PROGPC RAPPC MODPC LIN STR VAP VSL VCL
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A significantly higher post-thaw MOTPC and PROGPC of spermatozoa frozen in the

proline- or glycine betaine containing diluents than in the tris-based diluent was observed

in experiments 7.2 to 7.4. However, the compatible solutes had no effect on MOTPC

or PROGPC in experiment 7.1. This lack of effect contrast with results obtained in

thein vitro studies presented in Chapter 4 and the results obtained in experiments 7.2 to

7.4. ltis difficult to explain the difference in response in the MOTPC of frozen-thawed

spermatozoa on basis of the concentration of compatible solutes (64 mM) used in

experiment 7.1 compared with the concentrations (27-54 mM) used in the in vitro

experiments. However, it was found in the in vitro experiments that lower rather than

higher concentrations of proline or glycine betaine in the freezing diluent improved the

PTM of ram spermatozoa. The hepes-buffered diluent had no effect on the MOTPC of

spermatozoa in experiment 7.1. Nevertheless, MOTPC and PROGPC were significantly

better when spermatozoa rryere frozen in the hepes-buffered than in the tris-citrate diluent

in experiment 7 .4, and no differences in the MOTPC and PROGPC of spermatozoa

frozen in the hepes-buffered or the compatible solutes-containing diluents were

observed.

F ertility of fr e sh and fro zen -thaw e d s p e rmato zo a

In experiments 7.1 and7 .5, a significantly higher proportion of ewes were pregnant after

cervical insemination with fresh than with frozen-thawed semen. Similarly, Maxwell

and Hewitt (1986) found a higher proportion of pregnant ewes when inseminated into

the cervix with fresh (60Vo) than with frozen-thawed semen (L8.4Vo). Abdelhakeamet

aI. (l99lb) reported a higher percentage of ewes lambing after double cervical

insemination with fresh (837o) than with frozen-thawed semen (33Vo). The difference in

fertility results after cervical insemination with fresh semen between the experiments

presented here and those reportedby Maxwell and Hewin (1986) and Abdelhakeatnet al.

(1991b) could be accounted for by differences in the AI protocol or by variations in the

fertility of the spermatozoa of the different rams used in the AI programs. The latter

could also account for the low fertility obtained following cervical (experiment 7.5) or
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laparoscopic insemination (7.4) with frozen-thawed semen. Recently, Eppleston and

Mærwell (1995) suggested that differences between rams in the fertility of their frozen

spermatozoa could be explained by differential sperm transport through the female

reproductive tract, which could result in larger numbers of spermatozoa from some rams

reaching the site of fertilisation than from others.

Insemination method and the fertility of frozen-thnwed spermatozoa

The fertility of frozen-thawed spermatozoa was higher after laparoscopic than after

cervical or transcervical insemination. The higher fertility after laparoscopic than

cervical insemination is in agreement with the reports of Armstrong and Evans (1984)

and Maxwell and Hewitt (1986). Armstrong and Evans (1984) found that the

fertilisation rate in ewes inseminated cervically with frozen semen was significantly

lower than that obtained after intrauterine insemination,2T.2 v.72.7Vo respectively.

Maxwell and Hewitt (1936) also found higher pregnancy rates after laparoscopic

(64.6Vo) than cervical insemination(42.2Vo). Although low fertility rates were obtained

in the present study after cervical insemination with frozen semen, the fetility was

similar to that reported under Australian conditions (Mærwell and Hewitt 1986; Windsor

et al. 1994). Nevertheless, the low fertility obtained following cervical insemination

with frozen semen may be explained by the inability of frozen-thawed spermatozoa to

pass through the cervical barrier and reach the fertilisation site, or by the reduced viability

of spermatozoa in vivo which is associated with the lack of maintainance of the cervical

population (Lightfoot and Salamon 1970b, c; Hawk 1983).

The fertility of frozen semen has been reported to be similar after transcervical or

laparoscopic insemination (Halbert et al. l99}b} The lower pregnancy rates obtained in

experiment7.3 after transcervical insemination with frozen semen is in agreement with

those reported by Australian, British or French workers (see Eppleston and Maxwell

I993;Windsor et al. 1994). Windsor et aI. (1994) also found low conception rates of

ewes subjected to transcervical insemination with frozen-thawed semen (l9%o and267o).
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In contrast Halbert et at. (1990b), obtained a SOVo pregnancy rate after transcervical

insemination with 150 million frozen-thawed spenn. Although a lower dose of

insemination was used in the present study compared with that used by Halbert et al.

(1990b), it is diffrcult to explain the difference on pregnancy rates on this basis. It has

been shown that irrespective of sperm dose, insemination of frozen semen into the

uterine body results in the same level of fertility as insemination into the horn of the

uterus (Eppleston 1992). Thus, differences in pregnancy results may be due to factors

other than dose of insemination. Salamon and Lightfoot (1970) indicated that a cervical

traction insemination method was a potential source of reduced fertility. Hence,

manipulation of the cervix during transcervical insemination, might have damaged

cervical canal resulting a reduction in fertility.

Effect of diluent on the fertility of frozen-thnwed spermatozoa

It is generally accepted that the reduced fertility of frozen-thawed ram sperm is due to a

failure to preserve motility at a level sufficient to enable passage through the female

reproductive tract of enough sperm to ensure fertilisation. In the experiments presented

here, the improvement on some of the PTM characteristics of spermatozoafrozen in the

compatible solutes or in the hepes-based diluent was not associated with a significant or

consistent increase in fertility. Therefore, further research is required to see whether the

apparent dissociation of PTM and fertility is due to deleterious effects that compatible

solutes-containing or hepes-based diluents may have on spermatozoa.

Chnracteristics of frozen-tlawed semen and their relation to fertility

The correlation analyses showed no relation between the PTM characteristics of

spermatozoa and pregnancy rates. These results are in agreement with those reported

for cattle (Budworth et al. 1988) and for sheep (Eppleston and Maxwell 1995).

Considering the low correlation between PTM cha¡acteristics and fertility, ultrastructural

and biochemical research is required to detect sublethal cryodamage to spermatozoa

which causes reduced fertility.
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General Discussion and Conclusions

The cryopreservation of spermatozoa reduces cell motility and viability which results in

severe reductions in fertility in many species. Even in those species where fenility is

apparently unaffected or only slightly.impaired, the survival of the cells rarely exceeds

507o (Watson 1990a, b; Evans 1988;'Watson et aI. 1992a). The reduced viability of

cryopreserved sperm has been attributed to membrane damage during the freeze-thaw

process (Watson 1990b). More recently, this membrane damage has also been

attributed to the presence of free radicals which may induce lipid peroxidation (Matthes e/

ø1. 198O, 1981; Alvarez and Storey 1992; Bell et aI. 1993) and to the toxicity of the

cryoprotective agents used in the freezing diluent (Slavík 1987, Vy'atson 1990a, b;

'Watson et aI.l992a; Mclaugtrltnet al.1992).

Compounds which may protect spermatozoa during freezing and thawing include

compatible solutes, which preserve the integrity of biological membranes during freezing

and protect membranes against free radical-induced damage, compounds present in the

epididymis, where sperm can be stored in vivo for long periods, and antioxidants which

have the capacity to scavenge free radicals, . Considering these beneficial effects and the

deleterious effects of the cryopreservation process on the membranes of spermatozoa, it

was hypothesised that compatible solutes, epididymal compounds and antioxidants could

improve the viability and fertility of frozen-thawed spermatozoa. Thus, this study

investigated the effect of compatible solutes (proline, glycine betaine and trehalose),

epididymal compounds (taurine, hypotaurine and inositol) or antioxidants (carnosine and

ascorbic acid) in tris-based diluents on the post-thaw survival and fertility of ram

spermatozoa frozen in pellets.

The in vitro experiments presented in this study examined the post-thaw motility

cha¡acteristics of ram spermatozoa extended and frozen in tris-based diluents containing

compatible solutes, epididymal compounds and antioxidants. The post-thaw motility of

spermatozoa was significantly improved after dilution and freezingin diluents containing
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proline, glycine betaine or taurine. In contrast, the presence of trehalose, hypotaurine,

ascorbic acid and carnosine at the concentrations tested, had no effect on the post-thaw

motility of ram spermatozoa or were detrimental compared with spermatozoa frozen in

the control diluent. However, it is important to note that proline and glycine betaine

were effective only in the presence of both glycerol and egg yolk

Even though glycerol and egg yolk have been used traditionally as cryoprotectants in

diluents for freezing semen, some studies suggest that they may lead to a reduction in the

fertilising capacity of spermatozoa (Watson and Martin I976c; Slavík 1987; Bielfeld et al

L990; Mclaughlin 1992). 'Watson and Martin (1976c) found that increasing levels of

egg yolk in the diluent reduced the fertility of frestrly ejaculated ram spermatozoa. These

workers reported 69, 58, 50 and 427o NRR for undiluted semen or for semen used soon

after dilution with 0.375,1.5, or 6Vo vlv yolk in the diluent.

Bielfeld et aI. (I99O) observed that egg yolk accelerates the acrosome reaction of human

spermatozoa. They found that preincubation of spermatozoa in an egg yolk medium

enhanced the percentage of spermatozoa that underwent the acrosome reaction and

increased sperm penetration into zona-free hamster oocytes as compared with a standard

medium. Similarly, Slavft (1987) reported that glycerol accelerates the induction of the

acrosome reaction of frestrly ejaculated spermatozoa. He found that glycerol-treated ram

spermatozoa showed high penetration rates of denuded hamster eggs after incubation for

30 min, and that longer periods of storage induced a gradual decrease of penetration

activity. Acceleration of the acrosome reaction by either egg yolk or glycerol may not be

desirable, particularly when frozen-thawed spermatozoa are inseminated into the cervix,

as spermatozoa could be in a more mature state of capacitation/acrosome reaction, and

may be incapable of fertilisation after they have been further "aged" in the reproductive

tract of the ewe. More recently, Mclaughlin et aI. (1992) indicated that the toxicity of

glycerol and egg yolk in the diluent was responsible for 50Vo of the loss of progressive

motility of frozen-thawed human spermatozoa. These workers observed that a 20 min

exposure of fresh spermatozoa to the glycerol-egg yolk diluent significantly reduced the

percentage of motile spermatozoa compared with a standard diluent. In this context
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observations made in this study are of particular interest. It was noticed that in the

presence of proline or glycine betaine, the concentration of glycerol and egg yolk in the

freezing diluents could be reduced while maintaining post-thaw motility at levels

comparable with those in the standard diluent. Further, it was shown that taurine can

protect ram spermatozoa in the absence of glycerol. It has been suggested that a reduction

in the level of egg yolk and glycerol in the freezing diluent may help to minimise their

toxic effects. However, it is not known what effect a reduction in the concentration of

either glycerol or egg yolk in the diluent would have on the fertility of frozen ram

spermatozoa. In the present study, post-thaw motility of ram spermatozoa was low

when semen was frozen in the absence of glycerol and egg yolk. Although these

compounds may be toxic to sperm and may reduce their fertilising capacity, these results

indicate that their presence in diluents for freezing rarn spermatozoa by the pellet method

is required in order to obtain satisfactory survival of frozen-thawed ram spermatozoa.

The optimum concentration of compatible solutes in the freezing diluent was 54 mM after

three- to five-fold dilution of semen. Further, the pH of the fueezing diluent had an

important role in improving the post-thaw survival of spermatozoa when frozen in

proline- or glycine betaine containing diluents. Glycine betaine improved the post-thaw

motility of spermatozoa when the pH of the diluents was 6.7 to 7.0, while proline was

found to be less effective than glycine betaine in improving motility at pH 7.0. Since

ram spermatozoa tolerate acidic conditions, and the isoelectric point of proline and

glycine betaine lies somewhat below neutrality, it is not surprising that the pH of the

diluents may influence their possible beneficial effects on ram spermatozoa. The better

post-thaw motility of spermatozoa frozen in the presence of glycine betaine at pH 6.7

could also be due to the good buffering capacity of this compound within acidic and up

to the physiological pH (Wyn Jones and Storey 19S1). Still, it is unclear if a more acidic

pH of the freezing diluent would improve the beneficial effects of these compatible

solutes on ram spermatozoa. Thus, further research to identify the optimum pH for

proline or glycine-betaine containing diluents is required.



225

Cryoinjury to spermatozoa may be enhanced by the presence of free radicals which may

induce lipid peroxidation (Alvarez and Storey 1992;Bell. et aI. 1993). Hammerstedt et

aI. (1976) showed that butylated hydroxytoluene, a powerful antioxidant which modifies

the properties of lipid bilayers and membranes, protected bovine spenn from damage

caused by cold shock, and provided partial protection against further damage caused by

freezing and thawing. Alvarez and Storey (1992) observed that cryopreservation

enhanced peroxidation of sperm membrane lipids, and decreased the activity of the

protective enzyme superoxide dismutase. It seems logical that the damage caused to

spermatozoa by diluents, preparation techniques and the freezing-thawing process might

be prevented by the addition of antioxidants to diluents used for the storage of

spermatozoa. Since compounds like proline and taurine, which have antioxidant

properties, improved the post-thaw survival of ram spermatozoa the effect of

antioxidants in the freezing diluent on the post-thaw motility characteristics of

spermatozoa was assessed. Neither carnosine nor ascorbic acid, at the concentrations

tested had an effect on the post-thaw motility characteristics of spermatozoa. These

antioxidants had no effect on the post-thaw motility of spermatozoa. Thus, the

improvement observed in the motility characteristics of ram spetmatozoa frozen in the

presence of proline and taurine may not be related to their antioxidant properties.

At present the cryoprotective action of proline and glycine betaine on spenn membranes

is not known. However, these compatible solutes may interact directly with the

membranes of spermatozoa and may prevent deleterious phase separations and the

aggregation of membrane proteins during freezing and thawing as observed in other

biological membranes (Rudolph and Crowe 1985; Rudolph et aI. 1986). Rudolph and

Crowe (1985) indicated that proline seems to prevent the aggregation of

intramembranous particles by interacting directly with membrane lipids and altering their

hydration state and phase behaviour. Rudolph and Crowe (1986) suggested that proline

may stabilise membrane components during low temperature stress by acting as a

molecular "spacer" preventing deleterious lateral phase separation of membrane

components. Therefore, proline and glycine betaine may have interacted with the spelm



226

membranes protecting spenn cells from the severe stresses caused by the complex water-

solute interactions that arise through the crystallisation of water molecules and the

generation of hyperosmotic, unfrozen pockets of high solute concentration during

freezing. This role of proline and glycine betaine as osmolytes or osmoregulators, may

also account for the observed cryoprotective action of taurine on ram spermatozoa.

Recently, Holt and North (1994) suggested that treatments capable of preventing

molecular reorganisation of the plasma membrane during freezing would probably inhibit

subsequent thawing-induced membrane permeabilisation and assist in the maintenance of

sperm viability. Thus, to find out if proline and glycine betaine prevent deleterious

lateral phase separations of sperm membrane components during freezing and thawing

further research is required. Techniques such as Fourier transform infrared spectroscopy

(Drobnis et al. 1993a), differential scanning calorimetry (Wolf et aI. 1990) which allow

the measurernent of lipid phase transitions in living sperm and cryomicroscopy (Holt and

North 1994) may be of assistance to understand the effect of proline and glycine betaine

on sperm cells.

Evans (1988) suggested that since cryopreservation reduces the viability and fertility of

spermatozoa, an improvement in the survival and integrity of frozen-thawed spermatozoa

may result in higher conception rates after artificial insemination. On-farm experiments

were conducted to assess the fertility after cervical, transcervical or laparoscopic

insemination of ram spermatozoa frozen in diluents found to improve their post-thaw

motility. However, the better post-thaw motility of ram spermatozoafrozen in a proline-

and glycine betaine-containing diluents compared with control diluents, was not reflected

in pregnancy rates. In experiment 7.1 a slight but not significant difference was

observed in the proportion of ewes pregnant at 17 but not at 65 days after insemination

with semen frozen in proline- or glycine betaine-containing diluents. This slight drop in

pregnancy rates could be attributed to embryonic loss. Still, no evidence to support this

hypothesis was produced in this study since pregnancy was only diagnosed at 65 days

after insemination in the other fertility trials. Indeed, this point requires further study,

since it is not known if these compounds have any deleterious effect on sperm structures
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such as the chromatin which might provide a potential risk for later embryo development

as observed with the antioxidant dithioteitol (Griveau and Lannou 1994). A variation in

post-thaw motility characteristics of spermatozoa between rarrls, and in the proportion of

pregnant ewes per ram was observed. These findings correspond with those of

Eppleston et aI. (1986) and Eppleston and Maxwell (1995). The identification of such

rams prior to artificial insemination programs may help to overcome the low fertility of

some r¿rms by increasing the dose of spermatozoa inseminated.

A simple and cost effective alternative to intrauterine insemination would allow further

expansion of the use of frozen-thawed semen and greater use of genetically superior

rams (McGufuk 1987). Recently, a modified transcervical insemination method reported

to result in pregnancy rates similar to those of laparoscopic AI (Halbert et aI. I99Ob).

Such a method has the potential of being performed by trained farm staff, and could

overcome the problems and costs involved with laparoscopy. However, in the present

study, the fertility of frozen-thawed spermatozoa was higher after laparoscopic than

cervical or transcervical insemination. The low fertility after cervical insemination with

frozen semen was similar to that reported by several researchers for Australian

conditions. Moreover, the low pregnancy rates obtained in this study after transcervical

insemination with frozen semen is in agreement with those reported by Australian,

British and French workers (see Eppleston and Maxwell 1993; 'Windsor et al. 1994).

However, it contrast with the report of Halbert et al. (l99Db) that fertility was similar

after transcervical or laparoscopic insemination with frozen-thawed semen. The

appropriate time for intrauterine insemination is between 48 and 72h after progestagen

sponge withdrawal and injection of PMSG (Maxwell et al. 1984; Maxwell 1986a, b;

Eppleston et al. l99L; Jabbour and Evans 1991). Early (24-36 h) or late (72-78 h)

insemination after sponge withdrawal reduces fertility (Maxwell et al. 1984; Maxwell

1986a; Eppleston et al. l99I). Although there is little information available on the

optimum time for transcervical insemination relative to sponge withdrawal, it is unlikely

that the differences in the results presented in this study and those of Halbert et al.

(1990b) could be attributed to different times for transcervical insemination. The latter
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workers carried out transcervical insemination 48 to 55 h after sponge withdrawal, while

in the present study transcervical insemination was performed 50-60 h after sponge

withdrawal. Low fertility rates after transcervical insemination have been attributed to

differences in penetration rates due to the level of experience of the operator (Buckrell ¿l

aI. 1992,1994). It is also unlikely that this could account for the poor fertility results

after transcervical insemination observed in the present study, since insemination was

ca¡ried out by an experienced operator, and if the operator was not able to penetrate the

cervical canal, the ewe was then subjected to laparoscopic insemination. However, it is

possible that manipulation of the cervix as required for transcervical insemination may

have reduced fertility. In this respect Salamon and Lightfoot (1970) observed a

significantly lower fertility after insemination with a cervical traction method than with

normal cervical insemination (23.9Vo vs. 37.IVo ewes la:rrbing, respectively). Another

reason for the low fertility rates observed in this study and those of Halbert et al. (I990b;

Buckrell et aI. 1992, 1994) may be the effect of time of insemination after previous

lambing. In Canada transcervical insemination is carried out after a shorter postpartum

interval (3 to 4 months) than it is generally possible under most Australian flock

management systems (Buckrell et al. 1994; Eppleston and Maxwell 1993). Considering

the potential of the transcervical insemination method to be used by farm staff and the

contrasting pregnancy rates obtained under different conditions, further research on

reducing the manipulation of the cervix, time of insemination after sponge withdrawal

and after larnbing is required, for the adoption of this method by commercial producers.

Visual estimation of the motility characteristics of spermatozoa is the most common

laboratory test of semen quality, but, it is a poor predictive test of fertility (Saacke and

White t972). Saacke (1983) noted that objective methods for evaluating sperm motility

gave a better prediction of fertility than visual estimates, but until recently such methods

were labour intensive. An objective assessment of samples of spermatozoa can be

conducted with computer-aided semen analysis instruments. At present, these

instruments measure the movement characteristics of the sperm head only and compute

several trajectory measures (Davis et al. 1992). A number of studies have found
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relationships between motility characteristics of human spermatozoa measured by

computer-aided instruments and their fertility in vitro (Holt et aI. 1985; Fetterolf and

Rogers 1990; Liu et aI. I99l). HoIt et al. (1985) showed that speed measurements of

spermatozoa were correlated with rn vitro fefülisation rates and that it was possible to

predict these rates with about 75Vo accuracy. Similarly, Fetterolf and Rogers (1990)

found that the MOTPC and VCL were higher for spermatozoa which penetrated zona-

free hamster eggs compared with those which failed to penetrate the eggs. Further, they

concluded that computerised motility parameters could be used to predict whether the

spermatozoa of a patient had the abilþ to penetrate zona-free hamster eggs.

In the present study none of the PTM characteristics assessed by the HTM were

correlated with pregnancy rates. These results are in agreement with those reported for

cattle (Budworth et aI. 1988) and for sheep (Eppleston and Maxwell 1995). Budwofth er

¿/. (1988) found no correlations between PTM characteristics of bull semen assessed

with a Cellsoft system and the 75 day nonreturn to oestrus rate of cows. Similarly,

Eppleston and Maxwell (1995) found no relationship between traits of ram semen

assessed by the HTM and pregnancy rates of sheep. It is difficult to explain the

differences in results between studies conducted in humans and farm animals. However,

since cryopreservation impairs the fertilising ability of spermatozoa, and frozen-thawed

semen has been used in studies with farm animals rather than fresh semen as used in the

human studies, the processing of semen may account for these contrasting results.

Further, low correlations between motility characteristics and fertility in vivo could be

due to the exposure of spermatozoa to the changing environment of the female

reproductive tract compared with the controlled conditions of in vitro studies. Therefore,

more useful information might be obtained if media comprising fluids from the female

reproductive tract (natural and synchronised oestrus) were used instead of Dulbecco's

phosphate buffered solutions, as used in the assessment of frozen-thawed spermatozoa.

The low fertility of frozen spermatozoa following artificial insemination via the cervix

could be explained by the inability of frozen-thawed spermatozoa to pass through the

cervical ba:rier and reach the fertilisation site, or by a reduction in their viability and thus,
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of the cervical population of spermatozoa (Lightfoot and Salamon 1970b, c; Hawk

1983). It is generally assumed that those spermatozoa able to survive the freezing and

thawing process recover their pre-freeze condition and thence undergo capacitation and

the acrosome reaction, and finally fertilisation. However, it is possible that sublethal

cryoinjury not detected by traditional assessment methods may promote structural

changes in the sperm cells, and this could be responsible for the reduction in the

fertilising ability of frozen-thawed spermatozoa. Ma¡shall and Nancarrow (1993) found

that the pattern of saccharide binding to the surface of thawed spermatozoa was different

to that of fresh spermatozoa and suggested that these changes may play a role in the

longevity or transport of spermatozoa within the female tract. Drobnis et aI. (1993b)

observed a faster acrosomal response to follicular fluid of cryopreserved than fresh

human spermatozoa. Similarly, Garde et al. (1994) observed that immediately after

thawing cryopreserved ram spermatozoa had a higher ability to penetrate zona-free

hamster eggs than fresh spermatozoa. From these observations it is apparent that

cryopreserved spermatozoa are more capable of achieving fertilisation than fresh,

uncapacitated spermatozoa. It is not known whether cryopreserved spermatozoa are

more readily able to undergo the acrosome reaction due to the cryopreservation process

per se, or to the presence of egg yolk and/or glycerol in the diluent as reported by Slavík

(1937) and Bielfeld et aI. (1990). However, it is likely that a combination rather than

isolated events, may be responsible for the acceleration of both capacitation and the

acrosome reaction. Watson (1990b) suggested that cryopreservation may not mimic

capacitation, but that it perhaps by-passes the need for capacitation by modifying the cell

membrane, thus allowing calcium to penetrate, and/or by facilitating the acrosome

reaction. These suggestions require substantiation, but, the evidence available at present

suggest that the premature capacitation and acrosome reaction of spermatozoa may be

responsible for the decrease in pregnancy rates obtained after cervical insemination with

frozen ram semen.

In conclusion, the present study showed that the post-thaw motility characteristics of ram

spermatozoa can be improved by the presence of proline, glycine betaine or taurine in tris

I
I

!
i
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based diluents compared with a standard tris-based diluent. Further, in the presence of

these compounds the concentration of egg yolk and glycerol can be reduced and motility

results achieved which a¡e similar to those obtained with the standard tris-based diluent.

Considering the potential of glycerol and egg yolk to accelerate membrane changes

similar to the acrosome reaction, a reduction in the concentration of these agents in the

freezing diluents may help to improve the fertility of frozen-thawed spermatozoa.

Despite this hypothesis, the improvement in post-thaw motility characteristics of ram

spermatozoa when semen was frozen in the presence of proline, glycine betaine or

taurine was not reflected in fertility after cervical, transcervical or laparoscopic

insemination. The effect of proline, glycine betaine or taurine on spermatozoa is not

known. Thus further research is required to investigate the specific effects of these

compounds on the membrane structures of spermatozoa, and to see whether they may

compromise the capacitation, acrosome reaction and fertilisation ability of spermatozoa,

and embryogenesis after fertilisation.

The high fertility rates achieved after laparoscopic insemination with frozen-thawed

semen currently make this the only alternative for commercial AI programs. However,

the potential of transcervical insemination to be used by farm staff highlights the need for

fuither research on the efficiency of this method. Further, the low correlation between

the motility characteristics of spermatozoa as assessed by computerised image analysis

and pregnancy rates, raises the need for the identification of traits that would indicate the

capacity of spermatozoa to fertilise eggs and maintain embryogenesis. Further research

during semen processing, and during insemination, fertilisation and embryogenesis, is

also needed at an ultrastructural and biochemical level to identify those events or agents

reductionileftility of frozen-thawed semen compared withthat may be responsible for the

fresh spermatozoa.
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