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p	 • probability
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Abstract

A series of five major experiments was conducted to determine the possibility

of freezing ram semen using extenders excluding glycerol which has been found to

have adverse effects on the acrosome membrane of ram spermatozoa and to result in

reduced fertility. Semen samples were obtained from 6 rams (3 Merinos: M and 3

Coopworths: C) by AV. Two criteria were used to determine semen quality after

freezing namely, percentage of sperm motility and acrosome integrity. Sperm motility

was determined by the conventional microscopic method and acrosome integrity was

determined by a 'sperm bound amidase assay'.

In a preliminary experiment to verify the 'sperm bound amidase activity', the

assay adopted was found to be a reliable and practical method, with r 2 values from the

regression between spectrophotometer optical density reading and number of

acrosome damaged spermatozoa ranging from 0.93 to 0.99. All correlations were

significant (p <0.05) for all extenders used, however, there were significant differences

(p <0.05) in slope of the individual regression lines which means that actual

measurements of acrosome integrity are valid only within each type of extender.

The first two experiments were designed to determine the most suitable

extender (Experiment 1) and dilution method (Experiment 2) for freezing ram semen

(using pooled semen samples) with glycerol-free extenders. Two types of extenders
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were chosen for comparison based on the buffering system used; Tris-citrate [Tris

(hydroxymethyl aminomethane) and citric acid (monohydrate)] and TEST [Tris

(hydroxymethyl amino methane) and Tes (N - tris (hydroxymethyl) methyl - 2 -

aminomethane - sulphonic acid]. The control extender used was Tris with 15% (WV)

egg yolk and 5% (V/V) glycerol, while the glycerol-free extenders comprised a group

based on Tris-citrate with egg yolk at 10, 20, 30, 40 and 50% (V/V) concentration

(coded MS 10 - MS 50) and a second group based on TEST with the same levels of

egg yolk (T 10 - T 50). There were thus 11 extenders evaluated, including the control,

and they were replicated 6 times (days). When using the conventional method of pellet

freezing and thawing (dry test tube method), the glycerol-free extender which

supported the highest level of motility and acrosome integrity after freezing was TEST

at 30% egg yolk (values of 28.8 ± 1.9% and 39.7 ± 2.4%, respectively). The results

from ANOVA of means of semen quality after freezing revealed significant differences

among extenders (p <0.001), days (p <0.001) and also for the interaction between

extenders and days (p <0.001) which in the latter case was attributed to day-to-day

variation in the contribution of semen volume from individual rams to the pooled

sample.

Two dilution methods were used in Experiment 2; warm (semen diluted with

extender soon after collection, both at 37 °C) and cold (semen diluted with the

extender after both semen and extender had cooled separately to 5 °C). By varying the

time period before and after mixing (but before freezing) in 1 h. increments, up to a

total of 4 h., 3 warm dilution and 9 cold dilution methods were developed for

comparison. The cold dilution method of 1 + 2 (semen and extender both cooled to 5
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°C for 1 h. before mixing and then held at 5 °C for a further 2 h. after mixing) yielded

the best combined score of post-freezing motility and acrosome integrity (individual

values: 52.1 ± 2.1% and 48.0 ± 3.0% respectively). There were significant differences

in mean semen quality after freezing (motility and acrosome integrity) both between

dilution methods (p <0.001), and between days (6 replicates; p <0.001), and the

interaction between dilution method and days was also significant (p <0.001). The

results from these two experiments, which used pooled semen samples, suggested that

there was much variation in semen quality after freezing which might have resulted

from variation in the semen quality of individual rams.

Experiment 3 was thus designed to determine the repeatability of post-freezing

semen quality of individual rams by using T 30 extender and cold dilution method 1 +

2. Semen quality after freezing in terms of both motility and acrosome integrity varied

significantly between rams, days and for the interaction between rams and days (p

<0.001). There were also significant differences between the breeds of rams

investigated, in terms of post-freezing motility (M 25.7 ± 1.9% vs C 47.3 ± 1.2%, p

<0.001), but not for post-freezing acrosome integrity (M 36.0 ± 2.1% vs C 37.9 ±

1.9%). After freezing semen quality, in terms of both characteristics, was also

significantly different between the three Merinos (p <0.05), but for Coopworths the

results were more consistent with only the post-freezing motility of one ram differing

significantly from the other two. This individual variation could help explain much of

the variation observed in ram semen quality after freezing, and further study is required

to identify the relevant characteristic which vary between rams and/or ejaculates.
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Experiment 4 was designed to determine which of the lipoprotein fractions of

egg yolk provided the greatest protection to spermatozoa during freezing when

glycerol was excluded. Two cationic lipoprotein extracts were obtained from egg yolk

by sequential extraction and precipitation with amaranth, namely water soluble

amaranth (WTM) and saline soluble amaranth (SLM) fractions. In terms of post-

freezing motility WTM protected sperm as well as whole egg yolk (41.6 ± 1.5% vs

44.8 ± 1.5%, respectively) and SLM (36.5 ± 2.2%) was inferior to both WTM and egg

yolk (p <0.05); however, WTM did not provide any protection to acrosomes after

freezing (0.0 ± 0.0%) and egg yolk was superior to SLM (37.8 ± 2.0% vs 23.7 ±

2.7%; p <0.05, respectively) in terms of the percentage of spermatozoa with intact

acrosomes after freezing. It can be concluded that the ability to protect spermatozoa

during freezing was not fully manifest in either of these two lipoprotein extracts.

The last experiment was a fertility trial designed to establish if sperm protected

during freezing by glycerol-free extenders were capable of fertilisation when used by

either cervical or intrauterine insemination. T 30 and SLM extenders were compared.

Conception rates were 7.1 and 20.0 % by the cervical and intrauterine insemination

routes for T 30 and 18.7 and 14.2% for SLM respectively. The results showed

conclusively that ram semen frozen with glycerol-free extenders do retain their ability

to fertilise and indicate the need for further modification to raise conception rates to

potentially acceptable levels (55% and above).

In conclusion, ram semen can be successfully pellet frozen with glycerol-free

extenders (T 30 or SLM) in terms of motility and acrosome integrity after freezing.

Semen retained the ability to fertilise, but further work is needed to improve
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conception rates. Significant variation was observed in the semen quality after freezing

between individual rams, and it is suggested that appreciation of this variation may play

an important role in the further development of procedures to assess the quality of

semen after freezing.
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General Introduction

Through its ability to produce enough spermatozoa from a small number of

highly selected males, artificial insemination (AI) is possibly the most important

single technique ever developed for the improvement of animal production (Gomes,

1977; Foote, 1980). Amongst farm animals, methods have been developed for

insemination of cattle, sheep, goats, swine, and horses (Weitz & Petzoldt, 1992). The

major advantages of AI are in the following areas: (a) genetic improvement; (b)

control of venereal diseases; (c) availability of accurate breeding records, necessary

for good health management; (d) economic service eg: lessen the number of breeding

males required; and (e) safety, through elimination of dangerous males on the farm

(Gomes, 1977; Foote, 1980).

In most mammalian species, spermatozoa can survive only a few days in the

female reproductive tract (Mann & Lutwak-Mann, 1981). In vitro, there have been

many attempts made to store semen under conditions which ensure that the

spermatozoa remain immotile without losing their potential to become motile and

fertile again. Narcotics eg: caffeine and some tranquillisers (Garbers et al., 1971 a;

Dougherty et al., 1976; Hinkley, 1979), metabolic inhibitors (Garbers et al, 1971 b;

McGrady & Nelson, 1976), and an increased partial pressure of carbon dioxide or the

use of a carbonated diluter (Bartlett & Van Demark, 1962; Murdoch & White, 1971),



General Introduction	 3

have all been considered as agents that would render spermatozoa reversibly

immotile. However, ultra low temperatures (initially -79 0C, the temperature of "dry

ice"; currently -196 0C, the temperature of liquid nitrogen) have proved to be the

safest, simplest, and most reliable method for semen storage (Graham, 1978).

The preservation of semen, spermatozoa and selected subpopulations of

spermatozoa has become a routine reproductive technique used in animal production,

particularly for the bovine (Weitze & Petzoldt, 1992). AI of sheep has been practiced

for almost 60 years, originally in the former Soviet Union and followed by

commercial use in other Eastern European countries, France, Ireland, Australia and

New Zealand (reviewed by Evans, 1988). However, until recently, the successful

commercial use of ram semen in terms of fertility was limited to fresh (liquid) semen,

which can be efficiently used via either vaginal or cervical insemination. In sheep, the

use of frozen-thawed semen by those routes commonly results in low fertility, and has

not yet proved successful (Evans & Maxwell, 1987; Evans, 1988).

Intrauterine insemination with the aid of a laparoscope was introduced by

Killeen & Caffery (1982), and there is now clear evidence that this technique can

improve the fertility of deep frozen ram semen quite significantly, and to

commercially acceptable levels (Evans & Maxwell, 1987; Evans, 1988). As a

consequence, the practical use of frozen ram semen has increased considerably

(Maxwell, 1984). However, the intrauterine method requires specially trained

technicians plus the cost of laparoscopic equipment, and as a result its use has been
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limited in practice to research applications, stud breeding, and large-scale breeding

programs.

The reduced fertility (compared to fresh semen) observed following AI using

deep frozen ram semen is believed to result largely from the impairment of

spermatozoa transport in the ewes' reproductive tract (Lightfoot & Salamon, 1970

a, b). A number of cryoprotectant materials have been used to protected spermatozoa

from osmotic, ionic and physical (ice crystal) damage during freezing (reviewed by

Graham, 1978), and of these glycerol (Polge et al., 1949) has been most widely used.

However, Slavik (1987) has demonstrated adverse effects of glycerol on the acrosome

membrane of ram spermatozoa, and Abdelhakeam et al. (1991 a) have shown that the

fertility of ram semen deep frozen with glycerol is depressed when compare to non-

glycerolated semen.

The freezing of ram semen with glycerol-free extenders (used throughout this

thesis as being synonymous with `diluent(s)', `diluter(s)', etc.) has been most

successful where egg yolk has been included (Abdelhakeam et al., 1991 a, b); benefits

which have been associated with cold shock preventive functions attributed to low

density lipoproteins (Watson, 1976; Vishavanath et al., 1992). Unfortunately, there

are no reports on which fractions of egg yolk act as cryoprotectants to ram

spermatozoa when egg yolk is used as the single cryoprotectant during freezing.

There are only a limited number of reports of possible variations in fertility

following intrauterine Al with frozen semen from individual rams (Maxwell, 1986 b;

Hunton et al., 1986; Hunton, 1987). As yet it has not been possible to detect such
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variation in the semen by conventional motility tests (Eppleston et aL, 1986) and to

this author's knowledge the reasons for the individual variation have not been

investigated. If these factors could be identified and controlled, the fertility of frozen-

thawed ram semen could be considerably improved.

The main concern of this thesis is to determine:

a) suitable methods and glycerol-free extenders for freezing ram semen and

the freezing procedures suitable for them,

b) the benefits of using egg yolk as a cryoprotectant and the fractions of egg

yolk that are most effective, and

c) the existence of individual variation between rams, in the motility and

acrosome integrity of spermatozoa before and after freezing.
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