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PREFACE.

The experimental work reported in this thesis was
carried out under the supervision of Prof. 0.A. Osinowo,
Small Ruminant Research Programme, N.A.P.R.1. (A.B.U) Shika-
Zaria and Dr. N.I. Dim, Department of Animal Science, A.B.U.,
Zaria. The work was carried out in the Laboratory and Sheep
Project farm of the Small Ruminant Research Programme,
N.A.P.R.I1., Shika. Two types of experiments were carried out

during the course of this study as shown below:

i I'n vitrao Experiments.
These were designed to determine the survival of ram
spermatozoa during chilled storage in various diluents. Six

experimemts were carried out in all.

2. Fertility Experiment.

A comparative study of the effects of inseminating ewes
with chilled ram spermatozoa at the cervix (cervical
insemination), and deep into the cervix (deep cervical
insemination) was carried out. In addition, the effects of
length of storage and type of diluent on the fertility of
chilled ram semen was also examined.

The thesis is presented in the following order:

Part I
A. Introduction (Chapter 1).

B. Review of Literature (Chapter 2).



Section 2:1 Survival of ram spermatozoa during
chilled storage.
Section 2:2 Morphological and Biochemical changes

in ram spermatozoa during storage.

Section 2:3 Insemination techniques in sheep.

Section 2:4 Fertility of chilled ram spermatozoa.
Part 11: (Experimental ).

Materials and Methods (Chapter 3).

Results (Chapter 4).

Discussion (Chapter 5).

References.

Appendix.
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ABSTRACT

Seven factorial experiments were conducted to study
factors affecting survival and fertility of ram spermatozoa
during chilled storage.

Spermatozoa motility during storage was best preserved
by Tris diluent followed by Egg yolk-glucose-citrate and Milk
diluents. Addition of glucose or fructose to Milk diluent
improved its performance, with glucose giving better results.
The optimum level of glucose in milk diluent was 27.75 mM.
Tris-Milk diluent containing S0% milk and S0% Tris diluents
was intermediate between Tris and Milk diluents in preserving
sperm motility during storage. Sperm survival was improved in
Tris diluent by the inclusion of ethylene diamine tetra
acetic acid di-sodium salt (EDTA) but was depressed in mnilk
diluent. The optimum level of EDTA in Tris diluent was 10 mM.
In all experiments, sperm motility declined (P<¢0.001) with
increase in storage period. There was also significant
interaction between type of diluent and length of storage.

There was no significant difference (P>0.05) in
non-return rates between Tris and Milk diluent (32.5 v 41%).
Increase in length of storage resulted in significant
(P(0.001) decline non return rate (47.5 v 29.5% for 0 and 1
day storage respectively). It was also significantly higher
(P<¢0.001) following deep cervical than when cervical
insemination was carried out (45.8 v 28.3% respectively).

Lambing rate was significantly higher (P<0.001)



following deep cervical insemination compared to normal
cervical insemination (40.0 v 24.2%). 1t was also higher
(P¢«0.001) for fresh diluted semen than chilled semen stored
for 24 hours at 5°C (41.7 v 22.5%). There was no significant
difference (P>0.05) in lambing rates between Tris and

Tris-Milk diluents (27.5 v 36.5% respectively).



Chapter 1: Introduction

Chapter 2: Literature Review



Chapter 1

INTRODUCTION

A major objective of animal breeding is to achieve
improvement in their productivity. This can be done in
various ways including the adoption of good husbandr y
pract ices such as the provision of good housing, health care,
and nutrition. However, the productivity of an animal is not
determined by its environment alone . Its genetic make up is
also a determining factor. Therefore, to sustain any
improvement in livestock productivity, genetic improvement is
essential, since it is of a more permanent nature. Artificial
selection of animals with good production records as sires is
used to improve the productivity of animals. However, the
extent to which this can be carried out is often limited by a
number of factors. These include low heritability of some of
the production traits, and the frequently insufficient number
of animals from which the selection can be made.

Some techniques in reproductive physiology have been
applied to animal breeding for the achievement of faster
genetic improvement . Such techniques include artificial
insemination, oestrus synchronization, induction of multiple
ovulation, anti-steroid immunization, long term storage of

gametes and embryos transfer (Osinowo, 1977).



Artificial insemination is a powerful tool by means of
which genetic improvement of livestock can be achieved, |if
fully integrated with the breeding programme. The advantages
of this method of breeding are that it:

s Enhances quick determination of genetic merits of
male animals through progeny testing of a large
number of contemporary of fsprings, thus
facilitating selection.

2. Increases the usefulness of genetically superior
sires that for one reason or the other have become
incapable of performing natural service.

3. Facilitates the mating of animals of different
sizes.

4. Saves time and space in the breeding programme.

S Reduces cost especially that caused by adaptation
and management problems associated with expensively
imported sires For use in cross-breeding
programmes (Dettmers, 1972).

Artificial insemination has been successfully integrated
with sheep breeding programmes in most advanced countries
such as U.S.S.R., France and Australia. Of these, U.S.S.R.
appears to have the most advanced sheep artificial
insemination programme. Milovanov (1945) and 0Ozin (1954)
described this development in their reviews. In other
countries, though much has been done in the area, the

practice is still limited by environmental, cultural, and



socio-economic factors. These and the peculiar nature of ram
semen, which requires careful handling, have restricted the
practice to governmental and institutional flocks. There is a
need for the practice to be extended to the local farmers’
flocks. However, in Nigeria, this is further limited by
illiteracy among the local herdsmen who own the largest
proportion of the animal population in the country, and poor
transportation system. Semen to be used for artificial
insemination bhas to be transported from the processing
centres, but because of the poor transportation system, this
could take hours or even days.

The greatest advances in artificial insemination
programmes have resulted from the development of techniques
for the dilution and storage of semen which offer the best
protection to the spermatouzoua. Several methods of preserving
mammalian semen for use in artificial insemination has been
developed. The methods commonly used for the preservation of
ram semen include ambient Ltemperature storage, chilled
storage and deep frozen storage. Others being experimented
with are formaldehyde treatment, freeze drying and storage by
flow dialysis. Prior to the development of other methods of
preservation, ram semen used for artificial insemination of
sheep was usually stored by the chilled method. Despite its
earlier adoption and wide usage, insemination results with
chilled ram semen has remained low. It has been shown that

several factors influence the survival and fertility of ram



spermatozoa during chilled storage. Among these factors are
type and composition of diluents, rates of dilution and
cooling the semen, length of storage and insemination
technique. Much investigative work on the extent to which
these factors influence semen quality has been carried out.

The present study was designed to investigate the

effecte of three factors, length of storage, type of diluent
and depth of insemination, on the survival and fertility of
chilled vYankasa ram spermatozoa. The main objectives of the
study were:

y I To investigate the influence of length of storage
on the survival and fertility of chilled
ram spermatozoa.

x. To investigate the effects of inseminating ewes at
various depths on the fertility of chilled ram
spermatozoa.

3. To develop improved met hods of storage

and insemination of chilled ram semen.
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Section 2:1: SURVIVAL OF CHILLED RAM SPERMATOZOA

Preservation of ram spermatozoa over a long period in
vitro without losing their viability forms an important
aspect in artificial insemination in sheep breeding.
Different methods have been adopted for the preservation of
mammal ian spermatozoa, but those widely used for ram

spermatozoa are the chilled storage, deep freezing and

ambient temperature storage methods. Survival rate of ram
spermatozoa during storage has continued to remain low
despite its earlier development and adoption. Several

factors have been reported to be responsible for this. These
include the effects of type and composition of diluents,
rates of cooling and dilution of semen and length of storage
period. The extent to which these factors influence the
survival of ram spermatozoa during chilled storage is
reviewed in this section. The literature is reviewed under 3
major headings: diluents, dilution and cooling and cooling

rate.

2:1:1 DILUENTS

The development of semen diluents has been reviewed by
Salisbury and VanDemark (1961), Melrose (1962), Foote (1974)

and Evans (1988). The choice of semen diluent is crucial to



the viability of the spermatozoa during storage. The basic
requirement for a semen diluent is for it to provide a
suitable environment for the survival of the spermatozoa with
the least damage to their fertilising ability.
Characteristics of good semen diluents have been described
by aAnderson (1945), Salisbury and VanDemark (1961) and Foote
(1962). These include proper osmotic pressure and pH, correct
electrolyte (cation and anion) balance, stability of the
diluent even after prolonged storage, supply of energy to
support the metabolic activities of the spermatozoa during
storage, good buffering capacilty against toxic end products
of cell metabolism, bacterial control and non toxicity or
freedom from substances that may be harmful to the
spermatozoa, or impair their fertilising ability and/or
affect implantation and subsequent foetal development.

The preservation of spermatozoa motility during storage
has been used as the main criterion for assessing the
suitability of semen diluents. Most of the diluents so far
adopted for storage of ram semen were adapted from bull semen
extenders. These have been used with some modifications in
their basic compositions. The egg yolk based diluents appear
to have been most favoured by most earlier investigators. Of
these, egg volk-citrate and egg rolk-phosphate were
considered to be standard diluents for semen of most Ffarm
animal species (Foote, 1975). However, other types have since

been developed with specific species in mind.



Lardy and Philips (1939) first described the egg
yolk-phosphate diluent. This cunsisted of equal volumes of
fresh egg yolk and sterilised phosphate buffer (0.2g
di-Potassium hydrogen orthophosphate (KzHPO4), and 2.0g
disodium hydrogen orthosphate dodecahydrate (NazHPO4.12H20),
per hundred millilitres of distilled water. In this form, the
diluent was found to be satisfactory for ram semen (Terrill,
1963). The diluent was, however, observed to have a serious
disadvantage in that owing to the presence of large fat
globules, which render il opagque, it did not allow proper
observation of individual spermatozoa motility under the
microscope (Bishop and Salisbury, 1955). However , its
depressing effect on spermatozoa metabolism and good
buffering capacity against changes in pH during storage made
it suitable for semen dilution especially under aerobic
conditions. The depression of motility was observed to be
due to the action of phosphate ilons which reduce the oxygen
uptake and lactic acid formalion by the spermatozoa. It was
suspected that because of the drepressing effect of the egg
yolk-phosphate on not only the spermatozoa motility but also
their livability, it could adversely affect the fertility of
the diluted semen (Salisbury, 1957). Campbell and Edwards
(1955) reported that without the addition of antibiotics to
both egg yolk-phosphate and egg yolk-citrate diluents, the
phosphat e diluent offered the best protection to the

spermatozoa which accounted for the better conception rates



obtained with the former. Howevcr, the situation was
reversed when antibiotics were added. Kharche et al (19746)
reported a similar result which showed that the egy
yolk-phosphate offers the best protection to the spermatozoa
than did other diluents including egg yolk-citrate. The
egg-yolk-citrate diluent was said to offer a clear field
which allow individual spermatozoa studies. This might have
been one of the reasons for it wide use.

The composition of the egg yolk-citrate diluent was
first described by Salisbury et al.(1941). They showed that
by replacing the phosphate in the egg yolk-phosphate diluent
with 3.6 or 3.92% solution of hydrated sodium citrate
(NasCsHs07 .2H20), the new diluent was equally good as the
phosphate diluent. In addition it had the advantage of
offering a clear field which allowed microscopic assessment
of the spermatozoa motility. It had no depressing effect on
the spermatozoa metabolic activities. Studies on the effects
of storing ram semen in this diluent on the motility and
fertility of the spermatozoa at 2-4°C gave poor results
(Dauzier, 1956). Dauzier et al. (1954) also tested various
egg yolk based diluents. Result of the study showed that ram
spermatozoa motility was preserved longest in a 3-part 3%
citrate solution added to 1| part egg yolk. Filimon et al.
(1956) also reported that in egg yolk-citrate diluent, 80% of
the spermatozoa remained viable after 48 hours of storage and

60% after 73 hours. Kuznecor (1950) found that by adding



fructose or glucose to both the egg yolk-phosphate or egy
yolk-cirate diluents, the survival rate of the spermatozoa
was significantly improved. This was accompanied by increase
in fertility of about 4.2 and 5.3-8.5% when fructouse and
glucose were used in the diluent respectively. Sakala (1957)
tested 19 different diluents and also found similar
increases in the survival of ram spermatozoa when either
glucose or fructose was added to 25% egg yolk-citrate
diluent. The best survival rates wore obtained when Lhe semen
characteristics were scored at dilution rates of 1:3 to 1:10
(v/v, semen:diluent). Inclusion of glycine in the yolk
diluent singly or in addition to other compounds was also
said to have improved the results. Roy et al. (1956) found
that at high dilution rates of 1:10 to 1:100, the overall
survival time of ram spermatozoa was much better in
glycine-egg yolk than in egg yulk-citrate diluent. Schindler
and Amir (1961) also reported finding addition of glycine to
the egg yolk-citrate diluent to be beneficial in maintaining
ram spermatozoa motility for a longer period than did
yolk-phosphate or yolk-citrate. In the egyg yolk-citrate
diluent, S0% yolk shortened the life span of the spermalozoa
significantly, compared to when 25% egg yolk was wused. The
latter gave equal vresults to 18% egg yolk diluent, with
regards to total spermatozoa survival time. However, the
decline in percentage motile sperm cells was slower in the

yolk-fructose-phosphate diluent as shown by the half 1life



period. The addition of different proportions of egg yolk
supernatants did not materially affect spermatozoa longevity.
Joshi and Singh (1968a) compared the efficiency of egg
yolk-citrate based diluents (egy
yolk-citrate-glucose~fructose, egg yolk-citrate-fructose, egg
yolk-citrate-fructose-glycine, egg yolk-citrate-glucose, and
egg yolk-citrate-glucose-glycine) against egg yolk-citrate
contrpl. The results show that after 48 hours of storage,
motility declined sharply in egg yolk-glucose-fructose
diluent . The decline was least in diluents containing
glycine. After 96 hours of storage there was a further
decline in spermatozoa motility in all diluents. The highest
motility score Wwas maintained in egg
yolk-citrate-fructose-glycine diluent up to the 144%h hour
of storage. The authors attributed the superiority of the
glycine containing diluents to the additional buffering
capacity of glycine in these diluents, and its nutritional
value to the spermatozoa. This together with both fructose
and glucose are utilized as sources of energy for the
spermatozoa.

Wiggan and Clark (1967) modified the “Minnesota GO"
diluent first described by Rajamannan et al. (1964). They
substituted fresh egg yolk for spray dried egg yolk in the
basic buffer containing wvarious polyhydric alcohols,
inositol, dextrose, levulose, citric acid and sodium citrate.

This was allowed to separate into two fractions. The lower

d — NI A



clear fraction was used as the semen diluent after adding
glycine and antibiotics. This was found to be satisfactory
when used to store ram spermatozoa at 5°C for up to 36
hours. Martin (1962) reported finding diluents containing egg
yolk-sodium citrate, lactose and casein satisfactory for
storing ram semen at 5 or 37°9C. However, the motility of
twice washed spermatozoa stored at 5 Or 37°C was depressed by
diluents containing high prouportions of sodium citrate.

Zlatarev (1976a) formulated a diluent specially for the
preservation of ram semen based on sodium citrate with 20%
egyg youlk., Compared to a glucose-phosphate extender, sperm
motility scores in the tested diluent were significantly
higher (75.4 and 75.1% v 68.2 and 14.8%) after 24 and 48
hours of storage respectively.

After series of systematic investigations Igboeli (1970)
developed a Tris (hydroxy methyl amino ethane) based diluent
for liquid storage of boar semen. Pelruzzi et al. (1976)
carried out a comparative evaluation of the effects of &
diluents on the survival of ram spermatozoa during chilled
storage. They reported Lhat Tris-based diluents performed
significantly better at protecting the spermatozoa than Lhe
others after 96 hours of storage . Schleicher and Bruckner
(1973) reported that the motility of ram spermatozoa on the
third day of storage was better in semen extended with
Tris-based diluents than that exLended with

glucose-phosphate diluents (58 v 37%). The best results



reported by Abdelhakean et al. (1978) were obtained with
Tris-based diluents containing 40% egg yolk and 7% glycerol
which maintained motility over a 3-day period better than the
best of glucose based diluents (72 v 65%). Similar good
survival results were earlier obtained with bull semen stored
in Tris-based diluents than in Cornell University Extender
(CUE) and yolk-citrate-glycerol diluents (Davis et al.,
1963). The reported good spermatozoa motility recovery
following storage of semen in the Tris-based diluents seems
to be due its good buffering capacity : being a Zwitterion it
is capable of maintaining the pH of the diluent about the
neutral point.

The discovery that the addition of certain proteins in
diluents for vam or bull semen could buffer the solution
against changes in pH and partially protect the spermatozoa
during dilution (Blackshaw, 1953) and cooling (Choong and
Wales, 1962), may be the possible reason for the success of
milk as a diluent for semen of these species. Thacker and
Almquist (1953) found fresh cow milk to be toxic to bull
spermatozoa. Thacker et al. (1954) defined the toxic factor
in fresh milk as being inactivated by heat at 92<C,
non-dialysable, and present in the serum protein fraction of
milk. Flipse et al (1954) confirmed opinions that lactenin,
the anti-streptococcal factor in milk, first described by
Jones and Simms (1930) was responsible for the toxicity of

milk to spermatozoa. Lactenin is irreversibily inactivated by



the addition of compounds with free sulphydryl groups (Wilson
and Rosenblum, 1952 a,b). These groups are present in
lactoglobulin. When milk is heated above pasteurisation
temperature (Hutton and Patton, 1952), it is reasoned that
the heat act ivates the sulphydryl group  of t he
B-lactoglobulin which renders lactenin non toxic to the
spermatozoa. When the toxicity of milk is reduced in Lhis
way, both bull and ram spermatozoa can survive equally well
in fresh milk, most especially if Lthe milk is heated for 10
minutes at 92°C. Blackshaw (1960) found that for ram semen,
heating the milk at 85°C for 5 minutes was sufficient to
detoxif; pasteurised milk. Albright et al. (1960) also
reported that diluents composed solely of milk constituents
per formed favourably at '5°C and poorly at 37°C especially if
the storage period is prolonged. This finding was also
confirmed by Martin (1962). He reported finding milk diluents
to be good for deep frozen storage of semen but not suitable
for liquid storage at 5 or 37°C compared to egg yolk-citrate
diluent. But Salamon and Robinson (19262 b) reported that milk
remained inferior to other diluents used for storage of ram
semen at 0°C or S°C, especially egg rolk-glucose-citrate
diluent only in the absence of antibiotics. That the
situation was changed when antibiotics (1000 1{i.u. of
Penicillin per millilitre of diluent) was added to both
diluents. Both diluents gave equally good results.

Modifications of the milk diluents have also been attempted



with much improvement in their semen preservation qualities.
Forinstance, a commercial milk diluent, "Laciphos 123", was
added at a rate of 10% Lo a 20% egg yolk-diluent and used for
diluting ram semen, it was found tou be better than a variety
of other yolk diluents (Szumowski et al., 1956)., Hill et al.
(1958) reported finding skim milk to be much better as an
extender for ram semen than yolk-citrate. Their report was
based on motility observation after storage at 4°C for 15
days. Salamon and Robinson (1962 a) reported that dilution of
ram semen in cow milk either whole or skim adversely affected
the spermatozoa viability. Ewe milk was, however, found to be
unsuitable for ram semen dilution. Almquist amd Wickersham
(1962) found that addition of 10 or 13% glycerol to skim milk
diluent, by gradual addition to partially diluted semen at
5oC improved spermatozoa livability during 14 days storage at
this temperature. Increasing the levels of glycerol to about
16-25% did not significantly improve spermatozoa livability
over semen diluted without glycerol. Saxena and Singh (1967)
added egg yolk to the skim milk diluent for ram semen and
reported that percentage motility and live spermatozoa
remained significantly higher in skim milk-yolk diluents
after 72, 120 and 168 hours of storage than in any other
diluent tested. Joshi and Singh (1968 b) also tested the
livability of ram spermatozoa in skim milk diluent series.
The result of the test showed that there was a gradual

decline in motility from O to 144 hours of storage in skim



milk-yolk-glucose, and skim milk-glucose-fructose diluents.
The decline was sharp up to 48 hours and much below 50% after
storage in egy yolk-citrate, skim milk-yolk, skim
milk-glucose-glycine, and skim milk-yolk-glucose-bicarbonate.
The authors suggested that the superiority of skim milk
diluents over egg yolk-citrate may be ascribed to the
presence of glucose and fructose in the milk diluents, as
sources of energy for the spermatozoa. Carmenate and Gamicik
(1984) tested 3 milk diluents namely: powdered
milk-glucose-lactose, glucuse-powdered milk-sodium citrate,
and powdered milk alone, against egg yolk-citrate-glucose
diluent. They observed that after 12 hours of storage at SoC,
the motility of ram spermatozoa stored in egg
yolk-citrate-glucose diluent was poor compared to that stored
in the milk diluents. This seems to support the fFindings of
Joshi and Singh (1948b), who found the presence of exogenous

sources of energy such as glucose or fructose, in milk
diluent to improve Lhe survival of the spermatozoa.

Other compounds have been tried as diluents for chilled
storage of ram semen. These include Glucose-phosphate (GPS)
solution (Chang, 1943), and tomato Jjuice (Joshi and Singh,
1968c ). The tomato juice was reported to have maintained
spermatozoa motility over 3 storage periods of 48, 96 and 144
hours, better than egg rolk-citrate. In vitro studies have
shown that the addition of fractions of extracts from egg

yolk to the glucose-phosphate solution and used for the



storage of ram semen improved Lhe survival of the spermatozoa
chilled to S5°oC (Watson and Martin, 1975a). Martin and
Richardson (1979) showed that ram  spermatozoa survived
better during incubation at 37 or S5°C after dilution if
glucose was replaced by an equimolar amount of inositol in
the diluent. In addition, some organic buffers have been
tested as substitutes for phosphate buffer usually included
in diluents. The response of ram spermatozoa to these
compounds closely followed that of bull (Jones and Foote,
1972). The compound 2-(N-morpholino)-ethane sulphonic acid
(MES) was selected as a better pH buffer than phosphate for
ram semen diluents. Lapwood and Martin (1972) used synthetic
diluents consisting of various levels of buffers, inorganic

and organic sodium salts, and sodium salts of volatile acids.

2:1:1a. Diluent Additives

The inclusion of certain compounds in semen diluents
have been observed tu improve the survival of ram spermatozoa
during storage. These compounds include cryoprotective
agents, sugars, electrolytes and antibiotics.

For low temperature storage of ram semen, the use of
cryoprotective agents have been found to enhance the survival
of the spermatozoa. Several compounds have been used as
cryoprotectants. Lardy and Phillips (1939) first reported the

cryoprotective properties of egg yolk. Since then egg yolk



has become a major component of most semen diluents. Attempls
have been made at isclating the factor in the egg yolk that
is responsible for the protection accorded spermatozoa during
storage. It was suspected that the factor may be either
lecithin or a similar phospholipid which may occur freely or
in combination with other proteins (Blackshaw,1954; Mayer and
Lasley, 1945). But it has been shown that both the
lipoprotein and phospholipid fractions derived from egg yolk
are capable of this action. Smith et al. (1956) reported that
there were other factors in the egg yolk which can support
spermatozoa metabolism such as glucose. The authors stated
that the physical protective action of egg yolk on the
spermatozoa was due to lecithin, but that the factors
responsible for spermatozoa survival were asaociated with
cholesterol. Watson and Martin (1973) observed that egg yolk
had two effects on Lhe spermatozoa. It was said to contain a
certain substance which preserves the motility of L he
spermatozoa during both chilled and deep frozen preservation.
This substance was observed to be a regular component of the
hen's egg, non-dialysable and remained stable up to 28 days
after laying. The response of the ram spermatozoa to this
substance increased with increase in the level of the egg
vyolk added to the diluent. However, this was to a limited
extent, because at higher egg yolk levels, a second factor
which, hitherto, had been inactive was activated and had a

detrimental effect on the acrosomal membrane. In solutions



containing about 15 mg/ml of soluble egg yolk solids, more
than 50% of the spermatozoa survived 72 hours of storage at
50C. The protective action of egg york was later attributed
to the activity of low density lipoproteins present in the
egg yolk (Watson and Martin, 1975 a).

Watson (1981) investigated the role of 1¥pids and
proteins in protecting ram spermatozoa at 5°C. He reported
that both low density lipoprotein fractions of egg yolk and
lecithin liposomes provided an equal measure of protection
for ram spermatozoa subjected to cold shock. The low density
lipoproteins gave greater protection than lecithin during low
temperature storage especially at 5°C. These protective
properties were not modified by subfractionation procedures
that did not alter the molecular organisation of the
lipoprotein. Removal of the protein from the surface of the
lipoprotein fraction altered the lipid:protein ratio which
resulted in particles that were not good at protecting the
spermatozoa. The author also showed that the absolute lipid
content in the lipid:protein complex was more important than
the ratio of lipid:protein as far as spermatouzoa protection
was concerned. He concluded that the phospholipids of low
density lipoprotein fraction provided protection to the
spermatozoa membrane, and that the proteins dissolved the
lipid and were bound to the cell membrane.

Holt and North (1988) also investigated the role of

membrane active lipids in the protection of ram spermatozoa



during storage or cooling. The results showed that liposomes
containing wvarious preparations of phosphatidyl choline
(lecithin) and cholesterol enhanced spermatozoa viability
during storage at 5°C, assessed in terms of both motility and
acrosomal integrity. A membrane [luidising agent, A2C, was
slightly deleterious in this respect. Cholesterol containing
liposomes were not more effective than those prepared without
cholesterol. Thus, stabilisation of the plasma membrane by
cholesterol may be unimportant. Using sodium vanadate as a
fFunctional probe for membrane integrity, the authors Ffound
that despite increased plasma membrane permeability, the
cryoprotective effect of the lipids was apparent. Incubation
of spermatozoa with positively charged liposome containing
stearylamine caused considerable loss of motility and
acrosomal damage coupled with cellular aggregation. The
presence of calcium lessened the effectiveness of 1iposomes
in protecting Lhe spermatozoa against damage during éouling.
Other compounds that have been used as cryoprotective
agents include glycerol (Polge et al. 1949), Dimethy!l
sulphoxide (DMSO) (Bishop, 1959), ethylene glycol (Platov,
1965), sugars and macromolecules such as lactose and
polyvinyl prrollidone (PVP) (Doebbler, 1966), as well as
phospholipids, lipoproteins and proteins (Jones and Martin,
1965; Fisher et al., 1981). Of these, glycerol remains the
best and most widely used cryoprotectant in most semen

diluents. During chilled storage, addition of glycerol to



certain semen diluents have been reported to improve the
survival of the spermatozoa of some species. Holt (1953)
reported that a 4.3% increase in 3-month non-return rates was
achieved when bull semen was chilled in a diluent containing
glycerol. However, with ram semen it seems the results of
chilled storage with glycerol-containing diluents have not
been reported.

Emmens and Blackshaw (1950) found that the addition of
sugars, particularly the pentoses improved the survival of
mammalian spermatozua aflter deep freezing. Similarly,
viability and fertility studies of chilled bull, ram and cock
semen have revealed that the addition of sugar improved the
survival of the spermatozoa. The most effective sugar was,
however, said to vary with both the storage temperature and
animal species. For instance, glucose was found to be
beneficial in improving the motility of cock spermatozoa
after storage in hypertonic, isotonic and hypotonic diluents
at room temperature (Wales and White, 1958a). Fructose added
to phosphate diluents improved both motility and fertility of
the spermatozoa when stored at 10°C. Habibulin (19463)
reported that ram semen diluted in citric-yolk-arabinose had
better spermatozoa motility than when diluted in glucose
-yolk-citrate diluents and stored at 7°C for 4 days. Under
some conditions, replacement of electrolytes with sugar in
semen diluents led to improved survival rates of the

spermatozoa. Martin (19460) showed that by replacing part or



all of the sodium chloride (123 mM) with lactose in a
phosphate buffered saline diluent improved the survival of
ram spermatozoa stored at 37 or 5°C was improved. Further
studies showed that there was no difference in spermatozoa
survival rates in diluents containing 185 mM of either
fructose, glucose, lactose or sucrose at 59C. Lapwood and
Martin (1966) reported that at 37°C the use of maltose,
lactose , sucrose or raffinose in diluents was equally
beneficial in improving the survival of ram spermatozoa. But
of these, and for storing semen at 5°C, the sugars of choice
were ribose, arabinose, xylose and galactose. The use of
glucose and manose was said to reduce the survival rate of
the spermatozoa at this temperature.

Salisbury et al. (1939) first drew attention to the
risk of transmitting pathogenic bacteria in semen, and the
need for the control of these in view of their possible
effect on the spermatozoa during storage. The advent of egg
vyolk diluents which permitted semen to be stored for longer
periods also provided suitable media for bacterial survival
and growth. These gave rise to many publications on the need
for the use of bacteriocides/bacteriostatic agents in semen
diluents. The inclusion of chemotherapeutic agents such as
sulphanilamide; (usually at a rate of 300 mg/100ml) resulted
in increased spermatozoa survival (Salisbury and Knodt, 1947;
Foote and Salisbury, 1248; and Branton et al., 1949).

However, Knodt and Salisbury (1946) doubted whether these



increases were due to anti-bacterial action alone, since with
sufficient sulphanilamide included in the diluent to keep
bacterial multiplication at a low level over 72 hours there
was also a stimulation of glycolysis and reduction in oxygen
uptake. Foote and Salisbury (1948b) also found  that only
sodium  sulphamezathine and carboxyl-sulphathiazole  were
super ior to sulphanilamide in prolonging spermatozoa
motility. Further use of these and other bacteriostatic
agents was limited by the fact that they were not so
effective in controlling bacterial growth. Attention was
turned towards the use of antibiotics, especially penicilin
(Foote and Branton, 1950b), and streptomycin (Almquist, 1951;
Foote and Branton, 1950 b). Other antibiotics tried were
more or less toxic to the spermatozoa. The risk of toxic
effects with penicillin, though slight, was  however,
reported. Foote and Salisbury (1948b) reported that
occasionally penicillin treated samples may become toxic.
Knodt and Salisbury (1946), and Sykes and Mixner (1951) found
that at 1000 i.u. per millilitre of diluent the toxicity of
penicillin to spermatozoa stored at 5°C was less. The
beneficial effect of penicillin on conception was observed
with levels up to the 1000 i.u./ml of diluent. Thus
penicillin has become the most widely used antibiotic in
semen diluents. For most practical purposes, 1000 wg of
streptomycin per millilitre of semen diluent appears to be

widely used.



There are extensive literature on the use of
combinations of antibiotics in semen diluents (Almguist et
al., 1948; Campbell and Edwards, 1955; Willet and Ohms,
1955). These reports are often contradictory. Commonly
reported are the use of combination of streptomycin and
penicillin. Streptomycin is used at a concentration of 1000
ug/ml and penicillin at 1000 i.u./ml. Other antibiotics that
have been tried include oxytetracycline (Stallcup and
McCartney, 1953). chlorotetracycline (Foote and Branton,
1950), Chloromycetin (Easterbrooks, 1951) and neomycin
(Diliello et al., 1957).

The use of gases as components of semen diluents have
been reported. These have been reported to improve the
survival of the spermatozoa during storage. The most commonly
used gases are nitrogen, oxygen and carbon dioxide. VanDemark
and Couturier (1958) reported gassing semen samples with
nitrogen and oxygen through dialysis in the supply flask at a
rate of 15 ml per minute over a period of 2 hours before the
samples were stored at 5 or 26°C for 7 days. These gases were
found to be detrimental to spermatozua motility. But carbon
dioxide was beneficial under the same conditions. Salisbury
and VanDemark (1961) also reported finding the bubbling of
carbon dioxide in an egg yolk-citrate diluent beneficial
during the storage of bull semen. Leon Crespo (1966) diluted
ram semen in yolk-citrate-glycol, with or without the

bubbling of carbon dioxide. The result showed that



spermatozoa survival rates as indicated by percentage
motility was slightly improved by carbon dioxide. However,

the reported increase was not significant.

2:1:1b peH and Osmotic Pressure of the Diluent

Most investigators seem to agree that pH and osmotic
pressure of diluents interact. This relationship and its
effect on the survival of the spermatozoa is further
complicated by their single or combined Iinteraction with
other factors such as temperature and cation concentration of
the diluent. The effects of diluent pH and osmotic pressure
on the survival and metabolism of spermatozoa during chilled
or deep frozen storage has been studied in most species of
farm animals (Johnson et al., 1956; Cragle and Salisbury,
1959; Steinbach and Foote, 1267; Salamon and Visser, 1972;
Fisher et al., 1984). Blackshaw and Emmens (1951) reported
that provided diluents were buffered and Isotonic to the
semen, the spermatozoa motility was not affected by changes
in the levels of glucose and sodium chloride in the diluent.
However , spermatozoa survival rale was greatest in isotonic
diluents and least affected by hypertonicity than
hypotonicity. But this depended on the rate of dilution of
the original semen sample. Johnson et al (1956) did not find
any significant difference in the survival of spermatozoa

when diluents with freezing point depression (FPD) of -0.50



or -0.70°C, and pH of 6.2, 6.6, or 7.0 were used for liquid
storage of bovine semen. Cragle and Salisbury (1952), on the
other hand reported that a diluent having a low pH and high
potassium concentration had an inhibitory effect on the
metabolism of bull spermatozoa during liquid storage.

Quinn and White (1969) reported the adverse effect of
hypotonicity on the motility of ram spermatozoa. This
occurred when the spermatozoa were exposed to rapid changes
in osmotic pressure. Good motility scores were however,
maintained at low tonicity when care was tLaken to avoid
osmotic shock during semen dilution. The best results were
obtained when the pH of the diluent was 7.0. Fisher et al
(1984) observed that during deep freezing, ram spermatozoa
motility improved with increasing osmolarity of the freezing
solution. Diluents of 600 and 750 mOsm gave the highest
motility scores immediately after thawing. Inclusion of
sugars in these diluents was found Lo be beneficial to
spermatozoa survival. However, glucose proved to be more
suitable than fructose or raffinose. The amount of glucose
required wvaried with the tonicity of the diluent. In a
hypertonic Tris diluent, relatively low concentralions (27.75
mM) of glucose are required while in hypotonic media a higher
glucose level (150 mM) improved sperm cell recovery (Salamon
and Visser, 1972).

The response of mammalian cells to the tonicity of

storage media is not unique to spermatozoa alone. Human red



blood cells in culture and Chinese hamster ovary cells
(Griffith, 1978) exhibited relatively greater tolerance to
hypertonic solutions than hypotonic ones. Human embryonic
epithelial cells exhibited improved survival rates after
freezing in a hypertonic medium (Tenchini et al., 1980). The
cells were found to be well adapted to the medium, and could
be conditioned to survive at higher tonicity after initial
exposure to moderate or lower hypertonic medium (Bolognani et

al., 1976; Dal Pra et al, 1978).



2:1:2 DILUTION

The extent to which mammalian semen can be diluted
during artificial insemination has been shown to be critical
to the survival of the spermatozoa. This dilution effect,
seen mostly as an inactivation of the spermatozoa at high
dilution, occurs in ram semen as in that of other species.
The effect occurs irrespective of the nature of the diluent,
unless it contains protective agents (Koger, 1951; Blackshaw,
1953; Dauzier, 1956; Roy et al.,1956; Schindler and Amir,
1961). Factors associated with semen dilution that affect the
viability of spermatozoa during storage include holding time
(period ©between collection and dilution), dilution
temperature, dilution method and dilution rate.

There seems Lo be nu established theoretical basis for
holding freshly collected semen for sometime before dilution.
Many investigators such as Graham et al. (1971, Wilmut and
Polge (1972) and Pursel and Johnson (1974) have investigated
the effect of holding time on the survival of spermatozoa
especially during deep freezing of bull and boar semen. These
authors observed that holding time did not affect motility or
release of the enzyme glutamic oxaloacetic transaminase.
Graham and Crabo (1972) suggested that holding boar
spermatozoa in its own seminal plasma might result in a
protective protein coat being formed around the spermatozoa

which improves their survival. From the literature, this



added advantage of holding semen for sometime before
dilution may not be applicable to ram spermatozoa. Morozov
(1954) reported not finding any difference in spermatozoa
viability when the semen was diluted less or more than 1 hour
after collection. Blackshaw (1953) had shown that the
dilution effect could be partially prevented by suspending
the spermatozoa in cell free supernatant Ffrom the same
species, for example the accessory secretions of a
vasectomised ram. Jones and Holt (1974) observed that leaving
bull and ram spermatozoa in epididymal plasma had a slight
initial stimulatory effect on motility, but had no effect on
spermatozoa survival. The same initial stimulatory effect on
motility was observed when seminal plasma was used. But
exposure of ram spermatozoa in seminal plasma for even 15
minutes reduced the spermatozoa survival rate. Osinowo (1975)
also observed that holding boar semen for a length of time
after collection before dilution had no beneficial effect on
the post thawing survival of the spermatozoa after deep
freezing.

Various temperatures at which semen dillution can be
done have been adapted. There seems to be three approaches
to the dilution of ram semen. These are dilution at near body
temperature (30 - 37°oC), at room temperature (14 - 25°C) or
at 5°C. 1In mosl cases dilution at 30 - 379C is widely used.
Dilution at 5°C involves a 2-step dilution. The first is at

30 - 37°C during which a cryoprotective agent is added, and



cooling to 5°oC before the second dilution (Polge and Rowson,
1952a; Miller and VanDemark, 1954). Dilution at 30-37°C has
been widely used for ram semen especially when chilled
storage is to be employed. The 2-step dilution method is
mostly used during deep freezing (Salamon, 1968; Colas,
1975).

Semen dilution is either carried out on a wvolume to
volume (semen:diluent) basis, or to a fixed sperm
concentration. In a systematic study of the effect of
dilution rate on the survival of ram spermatozoa, Koger
(1951) reported that there was a negative correlation between
rate of dilution of semen and the length of time motility is
maintained. Salamon (1948) reported a highly significant
interaction between type of diluent and dilution rate on the
survival of ram spermatozoa. Roy et al (1956) had reported
successful storage of ram semen for a long time in
glycine-yolk diluent at 1:10 to 1:100 dilution rates. This
was comparable to the results obtained when the dilution rate
was 1:10 to 1:50 in yolk-citrate. Wiggan and Clark (1947)
used a dilution rate of 1:5 with relalively good success.
Tewari et al. (1968) showed that there was a direct
relationship between spermatozoa survival and dilution
rate. Motility was best maintained in a 1:10 dilution rate
and worst at 1:1.

Hess et al (1960) showed that fresh semen may be

diluted to a Fixed cell concentration provided the total



number of spermatozoa does not fall below a certain limit
generally accepted as 50 x 10¢4/ml (Koger, 1951; Morozov,
1954; Emmens and Robinson, 1962). Salamon and Robinson
(1962a) stated that semen may be diluted at least 1:4
without impairing both the survival and fertility of the
spermatozoa. A general experience of most workers has been
that storage results in a decline in spermatozoa wviability,
at a dilution rate of 1:4 moderately good results were
reported with boar semen after 24 hours of slorage. Almquist
and Wickersham (1962) also reported that diluting ram semen
to provide about 15 million motile spermatozoa  per
millilitre, resulted in successful inseminations. While Foote
(1970) wused a higher dilution rate to give a final
concentration of 8 million motile spermatozoa per millilitre.
There seems to be a general consensus among investigators
that semen could be diluted to a certain level (50x104
spermatozoa/ml, or 1:4v/v,semen:diluent) without any‘adverse
effect on the viability of the spermatozoa. But at higher
dilution rates, say 20 Lo 0.06 x 104 spermatozoa/ml, the
spermatozoa motility is greatly reduced or lost completely

(Blackshaw, 1953).



2:1:3: COOLING AND COOLING RATE

Ram spermatozoa behave in the same wa, as any other tissue
in their response to temperature changes. When exposed to
sudden fall in temperatures, they suffer an irreversible loss
of wviability generally refered to as cold shock. Associated
with this phenomenon of °'cold shock® is a reduction in the
rate of glycolysis and dehydrogenase activity which may be
responsible for the loss of motility of the spermatozoa
(Blackshaw, 1958a). Although egg yolk and cryoprotectants
greatly reduce the risk of cold shock, rapid cooling of
diluted semen adversely affect spermatozoa motility. Several
methods of cooling ram semen to SoC prior to storage have
been adapted. However, the methods wvaried from one
investigator to the other. Almquist and Wickersham (1962)
reported that after diluting the semen to about 15 million
motile spermatozoa per millilitre, the samples were cooled to
59oC over a period of hours. Salamon (1970) used 1.5 hours,
Salamon and Visser (1972) and Colas (1975) used 2 hours,
while Visser and Salamon (1973) used 1 hour. The most widely
adopted method is placing the ejaculate in test tubes and
standing them in a water bath at either room temperature or
between 30-37°C before transfering them into a refrigerator.
This allows several hours to elapse before the cooling is
completed, thus avoiding the adverse effects of rapid cooling

on the spermatozoa (Emmens and Robinson, 1962).



SECTION 2.2:  MORPHOLOGICAL AND BIOCHEMICAL CHANGES IN RAM

SPERMATOZOA AFTER STORAGE

Introduction

The viability of spermatozoa measured before, during and
after storage has been the basis for the development of
methods of semen preservation in research laboratories. Man’s
efficiency in developing successful methods of semen
preservation is dependent on the relationship between test of
semen quality and fertility after such preservation (Saacke,
1982b). Estimation of spermatozoa motility or percentage
motile cells before and after storage has been used as
criterion for predicting the fertility of the semen. These
have become inadequate in explaining the often large
fertilization failures encountered with ram semen stored
beyond 24 hours. It has been shown that ram spermatozoa lost
their fertility long before any visible loss of motility Iis
observed (Baudet et al., 1956; Schindler and Amir, 1961).
Thus attention has been focused on the morphological and
biochemical changes that may occur in the ram spermatozoa
during storage for possible explanation. The correlation
between these changes and the fertilising ability of vram
spermatozoa has not been clearly established.

This review is carried out in 2 sections. The Ffirst
section deals with morphological changes and covers topics
such as acrosomal damage, membrane rupture and the

relationship between the altered stlructures and the



functional integrity of the spermatozoa. The second section
deals with biochemical changes including changes in enzyme,
DNA, phospholipid, fatty acids structure and concentration
and changes in cation concentration. Closely related
observations made in spermatozoa of other species have also

been included for comparison.

2:2:1 MORPHOLOGICAL CHANGES

Austin and Bishop (1958), and Saacke and Marshall (1968)
gave detailed descriptions of the morphology of the mammalian
spermatozoa. Damages to the spermatozoa structure can occur
at the various stages of semen processing prior to storage,
and during storage. The most vulnerable structures have been
observed to be Lthe acrosome and plasma membrane (Milovanov et
al., 1970). Tasserson et al. (1977) stated that about 40% of
the cummulative damages to Lhese structures can be detected
by ordinary 1light microscopy, and about 70% by electron
microscopy .

The  acrosome has been given more  attention in
morphological studies of spermatozoa, probably because it
exhibits the most visible changes. Damages to both the
acrosomes and plasma membrane of ram spermatozoa have been
characterised by moderate protrusion, swelling and/or
disintegration. The percentage of spermatozoa with these
abnormalities were observed to increase with time of storage

(Smagulov and Martynov, 1968; Schleicher and Bruckner, 1973).



Jones and Martin (1973) observed some vacuolation of the
acrosomes in a small proportion of ram spermatozoaa. In
addition there was a general loss of cellular materials
(enzymes such as acrousin), which leaked out of the damage
cells. Slight decrease in the length and breadth of ram
spermatozoa head following slLorage have been reported
(Mukher jee and Dott, 1960; Rathore and Mukherjee, 1961;
Kharche et al., 1976). Rathore and Mukherjee (1961a) also
reported observing stored ram spermalozoa having roughly
shrunken acrosome with some degree of vacuolation. The
decrease in the size of the spermatozoa head may be
attributed to the shrinkage of the acrosome as result of loss
of cellular materials associated with the damaged spermatozoa
structures.

Although the acrosome and the plasma membrane are
observed to suffer most from preservation damages, other
structures have been shown to suffer similar damages though
to a lesser extent. Quinn et al (1969) found that structural
changes occurred in the midpleces especially in the matrix of
the mitochondria which makes up the mitochondrial sheath of
ram spermatozoa. Jones and Martin (1973) also reported a
significant proportion of spermatozoa in diluted ram semen
had damaged acrosome, while the mitochondria lost materials
after storage at 35°C for 2 hours. The mitochondria were
scored as pale in 80.5% of the spermatozoa compared to only

13.5% in the control samples. Both the acrosome and



midpieces were affected by cooling at 5°C and storage at this
temperature for up to 72 hours. The midpieces showed
condensat ion of the mitochondria and loss of material.

Similar structural changes observed with preserved ram
spermatozoa have been reported in other species. Somade et
al. (1974) reported changes in bull spermatozoa ranging from
loosening of the plasma membranes to complete loss of
acrosomes following storage. Kunze et al. (1973) carried out
detailed investigation on the structural changes that
occurred in boar spermatozoa after freezing and reported that
apart from slight swelling and rupture of the plasma
membrane, no other cell damage was found prior to freezing.
However, there were considerable ultra-structural changes in
the head region of the spermatozoa especially the acrosome.
Visser and Salamon (1974) observed that the degree of damage
to the acrosome of boar spermatozoa following freezing also
followed the same pattern with that of bull and ram, ranging
from slight to severe damage and complete loss.

Comparative studies have shown that Lhere is species
variation in resistance of the spermatozoa to structural
changes following storage. Varnaskii (1970) reported that
similar structural damage was observed in both the acrosomes
of ram and bull spermatozoa, but the proportion of damaged
acrosomes was about twice as high for ram as for bull
spermatozoa. Watson and Martin (1972) also reported that the

acrosome in ram spermatozoa appeared to be more severely



damaged than bull’s. Similarly, Healey (196%9) found that both
boar and ram spermatozoa were more susceplible to freeze
damage than either bull or stallion spermatozoa. Watson and
Martin (1972) compared acrosomal changes that occurred in
deep frozen ram and bull spermatozoa. They reported that a
highly significant deterioration of the acrosome occurred in
48.3% of ram spermatozoa compared Lo 22.7% of Dbull
spermatozoa. Jones (19735) also showed that the plasma
membrane of bull spermalozoa was more resistant to breakage
than those of either the boar or ram when stressed by
dilution or fixation.

The proportion of spermatozoa with damaged structures,
and the type and extent of the damage could be influenced by
a number of factors associated with processing. Rathore and
Mukher jee (1961) observed that the preservation of ram semen
for 72 hours in egg yolk-phosphate or egg yolk-boric
acid-sodium bicarbonate diluent decreased the size of the
spermatozoa head. Similar decreases in the spermatozoa head
were observed in egg yolk-citrate diluent. But Schleicher and
Bruckner (1973) observed that there were considerably fewer
structurally altered spermatozoa after 72 hours of storage
in Tris diluents than after 24 hours in either egg
yolk-citrate or egg yolk-phosphate. The same Lype of
morphologically altered spermatozoa heads were found in all 3
diluents. Tasserson ét al. (1977) investigated acrosome

damage in ram spermatozoa during dilution, cooling and



freezing, and reported that about 50% of the damage occurred
during dilution and cooling alone. Jones and Martin (1973)
stated that swelling of the acrosome was caused by cooling to
S5oC. It was further observed that acrosomes and midpieces
were most affected by cooling to 5°C and storage at this
temperature for up to 72 hours. Freezing and thawing
processes are also responsible for the disruption of the
acrosome and damage done to the midpieces. According to Jones
and Stewart (1979) any further loss in viability of bull
spermatozoa that could be attributed toc semen processing
probably occurred during the freezing and thawing process.
Wiggine and Almguist (1974) investigated the effects of
equilibration time and thawing rate on the acrosomal damage
of bull spermatozoa. The mean percentage spermatozoa with
normal acrosomes increased for each increase in thawing rate.
There was, however, an interaction betwcen thawing rate and
equilibration time. Shorter equilibration periods coupled
with rapid thawing resulted in a lower percentage of
spermatozoa with damaged acrosome. Pursel et al. (1974)
reported that the changes in acrousome morphology of boar
spermatozoa during liquid storage is influenced by type of
diluent and temperature. Jones (1973) found that cooling of
boar spermatozoa to 5°C in diluents containing glycerol
increased the incidence of spermatozoa showing various stages
of wvesiculation. These findings were similar to those

reported by Jones and Martin (1973) with ram spermatozoa.



Lindemann et al. (1982) discussed in details freezing injury
to cells and methods for its prevention. It has not been
clearly established whether the changes in cell membranes are
results of a selective effect of the freezing process on the
cell membrane alone or are a single manifestation of
generalised damage to the entire cell structure. Although it
is possible to demonstrate that specific structures are
damaged during preservation, it is usually not possible to
determine which cell structures are left unaffected.

The relationship between the morphological damages and
the lowered fertilising ability of stored ram spermatozoa has
not been fully established. Gunn et al. (1942) suggested that
the occurrence of even a 1% abnormal spermatozoa in the semen
will reduce fertility from 80-100 to 60%, and more than 10%
abnormal spermalozoa was associated with severe infertility.
Rathore and Mukherjee (1%961b) stated that although the
decrease in the size of the spermatozoca head due to
preservation is associated with decrease in the fertilising
ability, the shrinkage may not be responsible for the loss of
fertility. Better conception results were obtained with semen
stored in diluents that prevent (or present minimum)
shrinkage of the spermatozoa head (Gokhale, 1958). Jones and
Martin (1973) observed a relationship between structure and
function of ram spermatozoa, which is useful in evaluating
semen quality. However, factors at the molecular level must

also be considered since ultrastructural changes do not



explain the reduced fertility due to processing and storage
of ram semen. Visible acrosome deterioration during liquid
storage rendered boar spermatozoa incapable of initiating
fertilization and markedly reduced the capacity of the
spermatozoa to attack the zona pellucida of the ovum (Pursel
et al., 1972). Bolh ram and bull spermatozoa suffered the
same type of structural damage to wvarying degrees. This
damage was not enough to constitute the sole factor
responsible for the observed difference in fertility
following insemination (Watson and Martin, 1972). Martin and
Richardson (1976) stated that the capacity of ram spermatozoa
to fertilize appeared to have been damaged before defects in
morphology could be detected. Once Lhe spermatozoa with
structurally damaged acrosomes and midpieces enter the fluid
of the genital tract of the ewe, their rate of
transportation may be greatly hampered. Baker and Degen
(1972) have observed Lhat both dead or damaged spermatozoa
may be transported within the reproductive tract of gilts,
but the rate is slower. Krzanowska (1974) indicated that in
the mouse, the utero-tubal Jjunction may serve as a barrier
against morphologically abnormal spermatozoa especially the
severely damaged. More information is needed on the
structures of a spermatozoon capable of fertilising an ovum,
and the relationship between damage Lo these structures which
may be associated with the observed reduced fertilising

capacity of structurally damaged spermaltozoa.



2:2:2 BIOCHEMICAL CHANGES

Several authors have observed that associated with
morphological damages are biochemical changes that occur in
stored mammal ian spermatouzoa. These changes in composition of
the spermatozoa have been studied with the aim of
establishing a relationship between them and the loss in
fertility of the spermatozoa. In some instances, the loss of
extracellular materials has been used to assess the extenl of
cell membrane damage during in vitro storage of spermatozoa
(Crabo et al., 1970; Bower et al., 1973: Foulkes and Watson,
1975). Commonly observed biochemical changes in spermatozoa
of most species have been reported as changes in enzymic
activities, deoxyribonucleic acid (DNA), phospholipids and
fatty acid content of the sperm cells.

The biochemical changes that occur in ram spermatozoa
during storage have been shown to depend largely on the
properties of the diluents, the degree of dilution,
temperature and light (Crabo et al., 1970). These authors
reported that dilution of semen caused a release of the
enzyme glutamic oxalacelic transaminase (GOT) from
spermatozoa, although the amount released varied with the
type of buffer used. High glycerol concentration was observed
to increase the rate of GOT loss (Bower et al., 1973).
Graham et al. (1970) also observed a relationship between
cell damage and the loss of intracellular enzymes into the

extracellular medium during storage of spermatozoa. There



were large differences in the amount lost between samples
subjected to minimal or maximal cellular damage. The authors
reported that there were increases in the activities of GOT,
lactic dehydrogenase (LDH) hydluronidase, acid phosphatase
and alkaline phosphatase in the extracellular fluids of bull,
boar, stallion and turkey semen, subjected to maximal
cellular damage than those with minimal damage. Kurilov
(1972) further observed Lhal the extracellular activities of
glucose-phusphate isomerase (GPI) and alkaline and acid
phosphatase in "boar semen did not increase following
freezing, although aldolase increased more than 2-fold.
Osinowo (1981) observed similar significant losses in glucose
phosphate isomerase, as well as lactic dehydrogenase from
ram and bull spermatozoa. This, tLhe author stated followed
the washing of the spermatozua . Resuspension of the washed
bull spermatozoa caused an immediate release of enzymes from
the cells. Pre-incubation of ram spermatozoa with 0.025%
formaldehyde rather decreased LDH than GPI levels in the
intracellular fluid. He suggested that enzyme release from
spermatozoa may occur in the absence of apparent cellular
damage .

Osinowo (1981) speculated that the leakage of
intracellular materials could be a mechanism for eliminating
osmotic differences between L he intracellular and
extracellular fluids, in order to control cell wvolume.

Similar assertion had been made earlier by Kharche et al.



(1976). These authors observed that although ram spermatozoa
head length and breadth are reduced in stored semen than
fresh samples, the decrease was less in samples diluted with
diluents containing potassium ions, where there was a free
shifting of potassium ions between the sperm cells and the
diluting medium. This confirmed the reports of Blackshaw
(1953) and White (1959). These authors had earlier observed
that potassium ions maintained the internal osmotic pressure
and the integrity of spermatozua. Fisher et al. (1984) found
that spermatozoa survived longest in isotonic solutions than
in hypotonic solutions. The poor survival rates in the
hypotonic solutions could be associated with the leakage of
materials from the cells to make up for osmotic imbalance
between the two media (intracellular and extracellular
solutions).

There appears to be no established correlation between
the leakage of materials from the spermatozoa during
processing and  subsequent storage and the loss of
fertilising ability of the spermatozoa. However, Graham et
al. (1970) proposed that the amount of enzymes left in the
cells after such procedural manipulations could be very
important to the potential fertilising ability of Lthe
spermatozoa. A sequential study showed that the amount of
hyaluronidase released and amount GOT left in boar
spermatozoa were poorly correlated with motility or acrosome

damage (Crabo and Graham, 1972). There were, however, high



correlations between intracellular hyaluronidase and
extracellular GOT (r= 0.68), percentage of spermatozoa with
normal acrosomes and hraluronidase (r= 0.63), and between
motility and intracellular hyaluronidase (r= 0.56).

Changes in deoxyribonucleic acid (DNA) content of bull
spermatozoa during stourage has been more intensively studied
than any other species in relation to the loss of fertilising
capacity. Quinn (1968) suggested that the loss of DNA
materials Ffrom ram spermatozoa may be due to the action of
the enzyme deoxyribonuclease present in ram seminal plasma.
Degradation of DNA into dialysable compunents occurs at a
slow rate 1in senescenl ram semen. But the process is
accelerated in semen that has been cold-shocked or frozen
(Quinn and White, 1926%). Quinn et al. (1969) however,
reported that there was no loss of DNA material from
cold-shocked or frozen ram spermatozoa during 30 minutes of
incubation, but on incubation for 6 hours at 37¢9C, loss of
material was cbserved.

A loss of about 30% of the initial DNA material in bull
spermatozoa, foullowing storage at S°C or deep freezing has
been reported by Salisbury et al. (1%961). At wultralow
temperatures of about -192°C, Shikima (1965) reported no
structural changes in the double helix of the DNA of bull
spermatozoa. But Hanada et al. (1968) reported
non-significant changes caused by dilution, equilibration and

freezing. The authors also found no correlation between DNA



content and post- thawing motility or fertility of the
spermatozoa. Significant decrease in the DNA content of boar
spermatozua was reported by Anard et al. (1967) after storing
the samples for 1 day at 37°C. This was related tu the
sub-fertility of aged boar spermatozoa, and increased
incidence of embryonic mortality. With ram spermatozoa,
Martynov (1970) reported that storage for 12, 24 and 48
hours, resulted in a loss in DNA content of about 1.5, 8.8
and 12.2% respectively, compared to the content in fresh
semen samples. Conception rates after insemination with the
semen samples were 61.6, 46.5 and 30.6% respectively. The
authors suggested that the variation in the conception rates
could be attributed to loss in DNA materials.

Platov (1970) carvied out a study of the wvariation in
the adenosine polyphosphate content of bull and ram semen
following storage at O and 5°9C. It was found that both ADP
(adenosine diphusphate) and ATP (adenosine triphosphate)
contents of the spermatozoa decreased at a faster rate
following storage than did the motility of the spermatozoa.
There was no correlation between the ADP and ATP content in
the spermatozoa and spermatozoa motility. The relationship
between the two cellular compunents was affected by the
nature of the diluent and degree of spermatozoa activities.
Iljinskaya and Kazantseva (1972) found that 50-60% of the ATP
content of boar spermaltozoa was destroyed by freezing and

thawing.



Poulos et al. (1973), and Darin-Bennett et al. (1974)
observed that the susceptibility of spermatozoa to cold shock
was affected by poly-unsaturated and saturated fatty acid
ratio of the phospholipids content of the spermatozoa.
Cholesterol has been shown to play an important role in the
low tLemperature tolerance of most cells (Rotten et al.,
1973). The role of this lipid in promoting close packing of
other phospholipids especially those wilh unsaturated fatty
acid chains has been demonsltrated (Benedetti and Emmelot,
1968; Philips, 1972). The structure of Lthe spermatozoa
membrane and its subsequent ability to withstand stress such
as cold shock seems to be correlated to the ratioc of
cholesterol to phospholipids, and poly unsaturated to
salurated fatty acids. The amount of cholesterol in cold
shocked semen samples has been found to increase
significantly compared to that in control fresh samples
(Bonadonna and  Roychoudhurry, 1969). The different
interaction of cholesterol with both  saturated and
unsaturated fatty acids has been well documented in model
membrane systems (Philips, 1972; Hauser and Barrat, 1973;
Jason et al., 1973). Relatively large amounts of saturated
fatty acids in the spermatozoa result in a more rigid
structure than is the case with unsaturated acids (Benedetti
and Emmelot, 1968). The nature of the fatly acids also
affects the ability of cholesterol to decrease membrane

permeability (Daniel et al., 1968).



SECTION 2:3 INSEMINATION TECHNIGUES IN SHEEP

Introduction

Success in artificial insemination of sheep has depended
largely on the proper use of fertile semen at the time of
insemination for maximum fertility. This has been made
possible by the development of effective methods of semen
processing.  In addition, successful development of effective
methods of detecting ewes in oestrus su that they can be
inseminated at the right time, and proper techniques of
handling and inseminating ewes, have also made valuable
contributions in this regard.

In this section, various techniques of artificial
ingsemination in sheep are reviewed. Emmens and Blackshaw
(1956) reviewed literature on semen collection and
processing, methods of restraining ewes, equipment for
introducing semen, spermatozoa number and volume of
inseminate, Lime of insemination and number of inseminations
during an oestrus, oestrus synchronization, heterospermic
insemination and site of semen deposition. The present review
covers only volume of inseminate and number of spermatozoa,
timing and number of Iinseminations during an cestrus, and the

site of semen deposition.



The optimum period during which satisfactory conception
rates can be expected following the onset of cestrus is of
utmost importance in the artificial insemination of sheep.
Thibault (1967) and Terrill (1975) gave estimates of the
fertile life span of ovine ova as 12-24 hours, and that of
the spermatozoa within Lhe ewe’'s reproductive tract as about
24-48 hours. These are very impourtant factors in
fertilisation following insemination. Maximum fertility will
result if viable healthy spermatozoa are found in sufficient
numbers at the proper site in the female reproductive tract,
and at the optimum time in relation to ovulation. This,
however, depends on the time of insemination and the rate of
transportation of the spermatozoa within the female
reproduct ive tract - estimated to take from a few minutes to
about 8 hours (Killeen and Moore, 1970a; Mattner and Braden,
1969). The rate of Lransportation of the spermatozoa is said
to diminish in late oestrus. Thus it is apparent that
insemination of ewes should be done when both the spermatozoa
and ova are at their optimum fertile 1life and when the
transportation of Lhe spermalozoa within the ewe’s
reproductive tract is at its most efficient. Questions have
been raised as regards the time within the oestrus cycle
which is right for Lhe insemination tu take place. Several
reports of trial inseminations of ewes at wvarious periods

during oestrus have been made. Most authors tend to agree



that for maximum conception rates, inseminations carried out
mid-cestrus have the greatest probability of success, with
Lhe least probability in lale ovestrus. Duran Del Campo (1960)
could not make any conclusive inference on Lhe result of
inseminating ewes at various time during the heat period. He
however stated that inseminations were less likely to result
in pregnancies if done very early or after 24 hours in the
heat period. In a study of the optimum conditions for
spermatozoa delivery in the ewes Salamon (1972) observed that
the percentage of ewes lambing was belter when t he
spermatozoa were inseminated 15-17 hours after detection.
Inseminations carried out in early or late oestrus often
resulted in lowered fertility. It appears from the reports
of most authors that inseminations carried out 12-18 hours
after the onset of veslrus have higher probabilities of
resulting into pregnancies. Those done al about 24 hours have
reduced chances, while beyond 24 hours into the oestrus, the
inseminations may not resull into any pregnancy. In most
cases, the general praclice is Lo inseminate the ewes between
18-24 hours after drafling for high conception rates (Moss et
al., 1979).

To fincrease the conception raltes several authors have
suggested that multiple inseminations be carried out within
an oestrus. Early workers such as Peregon (1936) reported
that repeated inseminations during one heat period was

beneficial and yielded good results which were significantly



above the llock average. They however noted that in itself,
multiple insemination could not be regarded as the only
reason for the increase in conception rates. Other factors
such as genetic and physiological state of the animal, and
environmental factors may affect the process. Aamdal and
Hogset (1955), Lopyrin et al. (1957 ) and Salamon and Robinson
(1962a) did not find any significant difference in conception
rates between single and double inseminations carried out
within one oeslrus. Kazakov (1963) reported that
inseminations with semen diluted and used fresh gave 58.3%
conception rate out of 49 ewes inseminated once, while double
insemination at 24 hour interval on 250 and 400 ewes gave
64.3 and 94.4% onception rates respectively. aAamdal and
Anderson (1968) in a double insemination experiment with
frozen semen obtained a non-return rale of between 61.0 and
62.5%. In 2 separate tests, Salamon (1971) found that
insemination of ewes 1-2 hours or 15-17 hours after heat
detection resulted in 42.9 and 51.3%, and 69.1 and 75.7%, of
the ewes lambing respectively. |If Lhe ewes were inseminated
again 10 hours later, then Lhe average increases in lambing
rates were 13-15 and 6.2% if inseminated early or late in the
oestrus period respectively.

Both salamon (1971), and Visser and Salamon (1973)
observed that two inseminations carried out within one
oestrus always gave slightly higher levels of fertility than

single insemination. This is so because the time between the



onset of ocestrus and ovulation is more variable in ewes in
natural oestrus and between breeds, thus the chances of
contact between male and female gametes are improved by
increasing the number of inseminations within an ocestrus.
Firth (1976) conclusively attributed the increase in the
lambing rates following multiple Iinseminations within an
oestrus Lo a better timed insemination rather than larger
number of spermatozoa as a result of double insemination.
However, the difference in ferLility between single and
double inseminations within one ovestrus is most often small
that it may not Jjustify the extra effort involved in carrying
out the second insemination.

Most of Lhese suggestions and conclusions were drawn
based on ewes observed in natural oestrus. With the advent of
oestrus induction Lthrough the use of exogenous hormones,
these conclusions may not hold true. In a series of
experiments carried out on ewes that were treated with
Repromap (Upjohn) wvaginal sponges for 13 days, Gemert and
Hloogenkamp (1975) reported that conception rate of ewes
inseminated at first ocestrus following withdrawal of the
sponges was 55.3% compared to 66.0% obtained following
inseminations carried out during the second oestrus. In a
separate experiment, the ewes were inseminated at 3 periods,
40, 65 and 90 hours after sponge withdrawal, the conception
rates ranged between 40.8, 55.0 and 76.7% respectively.

Aguer and Provost (1976) recommended that ewes in which



oestrus synchronisation has been carried out should be mated
or inseminated at predetermined intervals after pessary
withdrawals: Double inseminations should be carried out S0
and &0 hours after pessary removal in the case of lactating
ewes, and a single insemination 55 hours after pessary
withdrawal is recommended for dry ewes. Deas et al (1979)
recommended double inseminalions carried out at S0 and 64
hours after pessary withdrawal, or a single insemination at
about 57 hours. They pointed out that conception rates
following a single inseminaltion were generally not more than
7% lower than the double insemination, which may not warrant
the extra cost involved in carrying out the second

insemination.

2:3:2. Yolume of inseminate and number of spermatozoa

Studies have been carried out on the minimum and maximum
number of spermatozoa required per insemination to achieve
good conception rates. Koger (1951) found a linear
relationship between the number of spermatozoa introduced and
conception rates. The author observed that for good
conception rates of more than 50% the spermatozoa number
should not fall below 50 x 10% spermalozoa per insemination
dose. Terrill (1960) reported successful conceptions with
spermatozoa number as low as 5 x 104. Emmens and Robinson

(1962) asserted that a dose of 50 to 150 x 104 spermatozoa



in either diluted or undiluted semen should yield conception
rates in the range of 55 Lo 60%. In a preliminary work with
Awassi sheep, Schindler and Amir (1973) obtained about equal
conception rates with 120, 80 or 40 wmillion spermatozoa
diluted in reconstituted milk. Similarly, in a 2-year study,
Zlatarev (1961) inseminated a Lotal of 6517 ewes with 0.2 ml
doses of semen diluted in egg yolk-citrate, stored at 0-3°C,
Each semen dose contained either 40, 60, 80 or 100 million
spermatozoa. The conception rate was highest (67.0%) for the
80 million spermatozoa dose.

Lapwood et al. (1972) showed that with a single dose of
50 x 10¢ spermatozoa per ewe inseminated, the fertility of
ram semen was improved by centrifugalion of the diluted semen
to return the concentration to that in the original semen
sample. Entwinstle and Martin (1972) used the Lechnique of
centrifugation and reconcentration of ram semen diluted
10-fold to prepare doses of semen containing 50- or 100 x 104
spermatozoa in wvolumes of 50 or 200 wl. There was no
significant difference in fertility rales between Lreatments
or between diluted and undiluted semen. Martin and Watson
(1976) also tested the Fertility of ram semen diluted and
centrifuged to produce insemination doses of between 25 and
100 x 10¢ spermatozoa per volume (50 and 250 wl). They found
that the initial dilution rate and the use of spermatozoa
number of about 25 x 104 significantly lowered the conception

rates. El-Gaafrey et al. (1987) observed that it was not



advisable to use less than 200 and 400 million spermatozoa
in the insemination dose for either fresh (or short term
stored), and frozen semen respectively.

It has been reported (Quinlivan and Robinson 1969; Hawk
and Conley, 1975) that hormone Ltreatment of ewes often
resulted in lowered fertilily especially after artificial
insemination. This was attributed to the lowered rate of
spermatozoa transportation in the reproductive tract of the
treated ewes. Thus it is often necessary to inseminate
progestagen treated ewes with large numbers of spermatozoa to
overcome this problem. Since it has been shown that there is
no advantage in inseminating more than once at the optimal
time (Salamon, 1971; Visser and Salamon, 19735 Firth, 1976;
Colas, 1979; and Langford et al, 1982), the desire to
determine the smallest number of spermatozua which could be
used in a single insemination of progestagen treated ewes
without compromising fertility has been stressed. Gemert and
Hoogenkamp (1975) used a 500 x 104 spermatozoa number in an
insemination dose and reported that the average conception
rate was 81.8%. Colas (1979) reported that insemination of
300~ to 400 x 10¢ spermalozoa stored for less than 5 hours in
a skim milk-citrate diluent resulted in a 65% conception rate
in progestagen treated ewes on pasture. Langford and Marcus
(1982) reported that the fertility (number of ewes lambing)
after insemination with 400- Or 200 x 10% spermatozoa was

(68%) was similar to that obtained after natural service at



progestagen induced ocestrus. When less or equal to 100 x 104
spermatozoa were inseminated, the fertility fell markedly and
the number of lambs born per ewe inseminated also decreased.
The authors further observed that insemination of 200 x 104
spermatozoa, 1.e. less than 10% of the number in a single
ram ejaculate, allowed normal conception rates in progestagen
treated ewes. The smallest number of spermatouzoa that gave
the maximum fertility in such treated ewes (200 x 104) was
more than twice Lhe number reported tou provide maximal
fertility in ewes mated at natural ocestrus (Salamon, 1962;
Zlatarev, 1976; Entwinstle and Martin, 1972).

When a similar number of total live sperm cells is used,
insemination volume Is relatively of less importance.
According to Sinclair (1957), there seems to be no added
advantage in introducing more than 0.1 ml of semen into the
first fold of the cervix. Doses as low as 0.05 ml have been
reported to give satisfactory results if the semen is of good
quality. Mies Filho and De Almeida Ramos (195L5) found that
there was no difference in fertility when volumes of semen
ranging from 0.05 ml to 0.1 ml were used for inseminating
ewes with semen diluted in milk or undiluted. The 0.1 ml
volume has been Lhe most widely used in most studies with
fresh undiluted or diluted semen. However, Tjupic (1959)
reported that lambing rates of 47 Lo 56% were obtained with
vaginal inseminations of between 0.5 and 1.0 ml of semen

diluted 1:10 or 1:20, and 70 to 72% when 1.0 ml dose of semen



diluted 1:2 or 1:4 were used. Reconcentration of the
spermatozoa has allowed the use of very low volumes of semen
during inseminations. Entwinstle and Martin (1972), and
Martin and Watson (1976 ) used ultra-low volumes in the range
of 50 or 200 wl and reported obtaining no significant
difference in the fertility of vam semen. Martin and
Richardson (1979) also reported that the volume of the
insemination dose had no effect on the fertility of stored
ram semen when the sample were of good quality. From these
reports, it appears that there is no standard insemination
dose wvolume for stored ram semen. It could be concluded
that since under normal storage conditions the number of
motile spermatozoa reduces due to cell death, a large volume
of inseminate is required Lo carry the same number of
spermatozoa needed for good conceplion rates. However ,
centrifugation of the diluted semen samples to reconcentrate
spermatozoa number close to that in the initial semen sample,

can be used to reduce the volume of the inseminate.

2:3:3. gite of semen deposition.

The reduced viability of stored ram spermatozoa within
the ewe's genital tracl slimulated research on the optimum
site for depositing semen during artificial insemination, to
maximise fertility. Generally, insemination should be done as

close as possible to the site of fertilization, or at a site



that will allow both spermatozoa and ova to meet when they
are at their most fertile life. 1In cattle, Salisbury and
vVanDemark (1951), and Stewart and Melrose (1952) obtained
very goud conceptions with cow inseminated at the cervix,
uterine body and ulerine horns. Though the uterine
inseminations gave Lhe best results. Since then the common
pracltice has been to deposil the semen in cow into the
uterus. Access to the uterus is gained by means of rectal
palpation to locate Lhe uterine end of the cervix, and the
catheter is slowly manipulated into the uterus through the
cervix.

The rectum in the ewe is so small that that it does not
allow the recto-uterine method of insemination to be carried
out . Thus, the wusual site of semen deposition during
artificial insemination of ewes has been at the cervix,
usually to a depth of not more than S mm. Koger (1951), and
Mies Filho and De Almeida Ramos (1955) found no difference in
conception rates when inseminaltion were carried out at the
cervix or in the vagina. But Tjupic (1959) stated that
although wvaginal Iinsemination was quite successful, most
studies showed the cervical method to be considerably
superior. The efficacy of Lthe cervical insemination however
depends on the efficiency of finding the cervical orifice,
and the form of the os cervix. The form of the o0s cervix
varies from animal Lo animal and with the age of the animal

( Inskeep, 1974). Cervical Insemination remained popular



until it was observed Lhat deposilion of the semen deep into
the cervix often resulted in increases in conception rates.
According to Boyarskil (1984), even within the cervix, when
semen was deposited further at a depth of 2.5 cm as against
2.0 cm mostly wused, tLhere was marked increase in the
conception rate. The cervix constitutes an initial barrier
to the ascent of the spermalozoa, such that only a relatively
small proportion of the deposited spermatozoa reach the
uterus to effect fertilization (Lightfoot and Salamon,
19/0a). Thus, attempts have been made Lo by-pass the cervix
and place the semen directly inLo the uterus. One of the
methods developed is the intra-uterine technique. Two types
of intra-uterine insemination have been tried. These are
deposition of the semen in the uterine horns after laparotomy
(Lightfoot and Salamon, 1970a), or a fourceful entry into the
uterus through the cervix (Anderson et al., 1973; Fukui and
Roberts, 1976).

It was assumed that gaining access to the ewe uterus
was almost impossible because of the small nature of the
cervical wall and the variation in length of the cervical
canal from one animal Lo Lhe other. These, Loyether with the
numerous annular folds in the cervix, make it difficult to
penetrate the cervix. But Anderson et al. (1973) descibed a
technique of non-surgical intra-uterine insemination of ewes.
Inskeep (1974) also shuwed thal with a concious effort, it is

possible to reach the uterus in some ewes with a tapered



inseminating tube, or with 12-guage metal inseminating tube
36 cm long. Fukui and Roberts (1976) carried out a study of
the non-surgical intra-uterine inseminat ion techniques
similar to that described by Anderson et al.(1973). They
reported that insemination with frozen semen resulted in
comparable fertilization and lambing rates similar to the
use of fresh undiluted semen. A further study of the
technique and its effects on the Lransportation of
spermatozoa in the ewe’s genital tract (Anderson et al.,
1976 ) revealed that the technique significantly increased the
number of spermalozoa recovered from Lhe oviduct. Moreover,
far more of the spermatozua found in the oviduct were intact
(i.e. not tailless) after uterine insemination, compared to
cervically inseminated spermatozoa. Il was concluded that the
deposition of semen into the uterus by non-surgical methods
increased the chances of the spermatozoa passing into the
oviduct without damage or loss of fertility. This might have
accounted for the high fertility recorded with the method.
The repeatabililty of penetraling into the uterus via the
cervical canal by the non-surgical inlra-uterine technique of
insemination in the cwe was reported by Fukui and Roberts
(1977) to be 0.745. The current techniques of non-surgical
intra-uterine insemination of ewes are Ltime consuming as
penetration of the whole length of the cervical canal must be
completed. The success also depends on the nature of the

cervical orifice (Fukui and Roberts, 1978). The complexity of



the cervical canal was observed tu be greater in older ewes
than maidens (Dun,1955). Fukui and Roberts (1978) applied
carbon dioxide gas pressure to the intra-cervical walls of
freshly slaughtered ewes Lo improve the ease of penetration
with relatively good success. However, attempts at this
approach with live animals seems not to have been reported.

Similar improvement in fertility of ram semen following
surgical intra-uterine inseminations have been reported.
Salamon et al. (1977) repourted that alfter surgical
insemination the egg flertilisation rates for 2- and 4- day
old semen were high and similar to that of fresh semen, but
decreased for semen stored beyond 4 days. When normal
cervical insemination was performed, Lhe fertilisation rates
for fresh and 2-day old semen were indistinguishable. No
fertilised eggs were recorded using semen stored for 4-days.
Killeen and Caffrey (1982) described another technique of
intra-uterine insemination of ewes by means of laparoscopy.
Preliminary resulls of insemination by this method indicated
that high levels (69%) of egg fertilisation could be obtained
in ewes following intra-uterine insemination with fresh or
frozen semen via laparoscopy (Killeen et al., 1982).

Studies of inseminations at various sites have been
carried out. Tervit et al. (1984) reported that in ewes
inseminated at the 2nd oestrus after synchronisation,
recovery ol fresh or frozen semen deposited once or twice

into the cervix, wvagina, onto the ovaries, or into the



uterine horns was undertaken. Very poor results occurred
after ovarian insemination. The ranking of the insemination
position (best to worst ) was uterine, cervix and vagina. A
single wvaginal inseminalion of fresh semen gave a lambing
rate of 64% which was Just slightly lower than for cervical
insemination (69%), and the intra-uterine technigque gave good
results with both fresh and frozen semen. Kerton et al.
(1984) also compared fertility following insemination by
cervical, wvaginal or intra-uterine techniques. Their results
showed that conception rate for vaginal Insemination were
gignificantly lower than for the other 2 methods which were
different from each other. Conception rates to uterine,
cervical and wvaginal inseminalions were 56, 53 and 31%
respectively. Maxwell (1986) also reported significant
difference in conception rates following wvaginal, cervical
and intra-uterine inseminations. The intra-uterine method was
superior to the cervical, which was better than the wvaginal
method. Haresign et al. (1986) alsu reported the same
observations. They further compared deposition of semen at
the top, middle or bottom of the uterine horn. The percentage
of ewes lambing following inseminaltion at the various sites
were 43.6, 52.8 and 42.4% respectively.

Killeen and Caffrey (1982) described another technique
for intra-uterine insemination in ewes via laparoscopy.
Preliminary results of insemination by the technique showed

that high conception rates in ewes could be obtained with



both stored and fresh semen. Maxwell et al. (1984) reported
increase in conception rate with time of insemination, using
intra-uterine insemination with the aid of laparoscopy.
El-Gaafary et al. (1987 ) reviewed the technique of
intra-uterine insemination by laparoscopy and cbserved that
the technique resulted in 4 cunsiderably higher rate of
fertilization than any other method (cervical or vaginal). In
addition the method was considered more efficient in that
relatively small doses of semen (as low as 0.02 ml)

containing 20 x 10% spermatozoa can be used with great

sSuccess.



SECTION 2:4. FERTILITY OF CHILLED RAM SPERMATOZOA

Introduction

The wultimate measure of the functional integrity of
stored vram semen is the fertilising capacity of the
spermalouzoa. Motility estimation and analysis of the
biophysical and/or biochemical changes may serve as useful
tools for laboratory evaluation of the spermatozoa. They
however have some direct or indirectL bearing on the Final
fertility of the spermatozoa. The literature in this section
is reviewed under 2 sub-headings: fertility results with
chilled ram semen and factors that influence the fertility of

the chilled spermatozoa.

2:4:1 Results of inseminstion with chilled ram semen

Results of artificial insemination of sheep has been
reviewed by Emmens and Robinson (1962). Most initial
fertility tesls conducted by early investigators were not
satisfactory and only few reported obtaining pregnancies. For
instance, Gunn (1942) reported obtaining 11 pregnancies out
of 129 ewes (about 8.5%) inseminated. However, with further
development in technigques of semen processing, storage and
insemination of ewes, claims of higher fertility results were
made. A further break-Lhrough was made with the development
of suitable diluents for extending the semen. Studies on the

storage and fertility of ram semen in various diluents at
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2-50C have revealed that conception rales with semen stored
for 12-24 hours varied between 6 to 25% in citrate, egg
yolk-citrate or egy yolk-phosphate diluents. It was up to 51%
when storage was done in heated cow milk without added
antibiotics rising to aboul 65% when antibiotics were added
(Dauzier, 1956). Albright et al. (19260) alsc reported that
ram semen extended in diluents composed scolely of milk
constituents performed favourably at 5°C and poorly with
prolonged storage at 379C. Salamon and Robinson (1262L)
compared an egg yolk-citrate-glucose and heated cow milk at a
dilution rate of 1:2 with or without the addition of 1000
Jj.u. of sodium penicillin per millilitre. After 72 hours of
storage at 5°C, the milk diluent wilthout antibiotic was
inferior Lo the egg yolk-citrate diluent. But there was no
difference between the two diluents when antibiotics were
added to the milk diluent. Fertility declined with length of
storage from 60% with fresh semen to 50% at 24 hours, 30% at
48 hours and 20% at 72 hours. These values were based on 80
ewes per group. Wiggan and Clark (1967) reported that for 3
groups of 18 ewes each, inseminated with semen stored in a
modified "Minnesota Go" diluent for 12, 36 and 60 hours at
5oC, conception rates to first service were 83, 67, and 22%
respectively. Firth (1976) reported not Finding any
significant difference between ewes inseminated with either
fresh, frozen or chilled semen. Lambing rates were 62.3, 55.7

and 52.6% respectively. Much better resulls were reported by
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Zlatarev (19746). He obtalined lamblng rates of 87.1 and 85.46%
v 62,1 and 47.2% alter sburage at 24 and 48 hours
respectively In 2 succesuive years respeclively . Carmenate
angd Gamicik (1984 repurted oblaining 57.8, &1.7 3.8, and
51.4% cunceplion rates after Inseminalling ewes wilh ram semen
Jiluted in 1) glucoze-lactose—powdered milk, 2)
glucuse-powdered milk-sudium vilrate, 3) powdered milk, or 4)
glucose-sodium citrate-egy yolk, and slored at 5oC for 12
hours respectivelyr.

Garcia Del Alba Reyes (1987) inseminated 288 ewes with
semen containing 400 x 10¢ gpermalozca per dose. 0f the ewes
inseminaled wilh fresh or refriderated semen diluted In  egg
yulk-lactose, $1.5 and 33.3% respectively lambed, compared to
40.2 and 40.0% Tor ewes inseminated wilh Fresh or
refrigerated semen diluted in milk diluents and 63 .6%
vbtained with naturally mated ewes. While Espana  Garces
(1987), reported Lhat inseminaltion of cwes wilh fTresh or
refrigerated sgemen stored 8-12 hours containing 1% x 109
vesulted im fairly high conceplion rates. In Four groups of
ewes  inseminaled pregnancies rates, detected by means of
ultvasonic test 60 days after insemination were 77, 50, 33
and  D1%. A summary uf Terlilily results wilh chilled ram
semen s gliven 1n Table 1.

There is a Turther possibility of improving the
fFertility of chilled ram spermatozoa wilh Lbe advent of

methods of inseminalion thabt involve cervical by-pass. The
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technigues have been shown to improve Lhe fertilily of hoth
fresh and frozen ram semen. Killen and Caffrey (1982)
described the technique for intra-uterine insemination of
ewes by  laparoscopy. Results of Lrial  inseminations  bave
shown thal high levels of sgg fFertilisalion are passible with
Lhe methods. Lightfoot and Salamun (1970a) described another
method of depositing semen into the uterus wvia surgical
incision. While Anderson et al. (1973) passed a catheter
through tLthe cervix  inta the ulerus. Ferlilisation ratesg
ranged frum B9 Lu 0% compared with 45 Lo 48% Four uterine and
cervical inseminations respectively.

Higher conception rates have been repurted when ewes are
inseminated more than once during the heat perviod. Keast and
Morley (1949 ) reported bLhat out ol &2 wvwes inseminaled Lwice
and one three times at 24-hour interval during theg heat
pericd, 37% of these conceived compared to 39% foar a
comparable  aroup of ewes inseminated only ounce. Bat in  a
series of experimerts involving single and multiple
inseminations, Salamon (19717, and Visser and Salamoun (1273)
both stated thal Juuble insemination of ewes wilhin one
vestrus perlod alwars Jgive slightly  higher  leovels o f
Teritility Lhan single inseminallons. This was attributed to
the fact that the time between the vnsel of ocestrus  and
ovulation is more variable 1n ewes especlally when in natural
ocestryus. Thus the chances of contacl belween Lhe male  and

female gametes are improved willi multiple lnseminations.

&b



Firth (1976) conclusively attributed Lhe increase in the
lambing rates of ewes inseminated twice within an cestrus to
a better timed insemination rather than larger number of
spermatozoa occurring at the site of fertilisation, or double
insemination itself. However, the limitation of the practice
is that the difference in fertility between double and single
inseminations is often so small that it may not justify the
extra energy expended in carrying out the second

insemination.
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Table 1: Summary of fertility tests with chilled ram spermatozoa

S/Ng. tength of No. of ewes  Conception  Lambing
Reference Diluent(s) Storage  inseminated  rates(%) rates (%)  Remarks
1. albornoz 800 80
Bustmante (1952)
2. Mies Filho [nseminatios were
and De Almeida Skim milk 12-24 hrs 2063 &1.7 carried out on several
Ramos {1954 ) farms with semen
diluted 1:5 or 1:t0
3. Aamdal and Egg volk 40 days 64 344 Concention rates to
Hogset (1955) citrate first inceminations.
Egg yolk 40 days 19 0
Citrate,
yolk-citrate
or yolk-
phosphate  12-24 hrs 6-25
4, DauziEr [1998) oo o e e e e e e e e e e e e
Skimmed cow 51.0 without antibiotics.
milk heated
to 95°C for 12 hours
10 mi. 45 with antibiotics.
5. Istvan (1956) Boiled cow
milk 535 79.5
2652 83.4 This was comaparable
83.1% obtained with
fresh semen,
b. Tiupic (1959) Yalk-citrate- 47-54 Vaginal inseminatiaon
glycol-
penicillin
streptomycin 75.0 Cervical Insemination
7. Dzkoca (1961) Skim milk- Range for semen stored
arabinose in both diluents. Ewes
Yolk-citrate 1.5-2 hr 61-71.4 were slaughtered at
3-6 weeks of pregnanc;
8. Roberts and Number of foetuses
Houlaham recovered as ¥ of ews:.
(1962) 2412 hrs 25 inseminated were 32%
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9. Dzumuroy
(1962)

10. Dzabrailov
and Sel "kon
(1962)

Skimmed and

Glucose-yolk
saturated with
Coz

Number of services
done were not stated.

Yolk-citrate-
glucose.

Low lambing rate was
attributed to the
small of ewes used (%)

Pasteurized
cow milk 10 hours

Ozkoca

(1964b)

Pasteurized skim
milk

4-6 hrs
Yolk-citrate
glucose

Yolk-citrate
glucose

Il1linois variable 24 hrs
temperature
diluent 3 hrs

These were conceptions
to first inseminations

Yolk-glucose- 12 hrs
citrate

Yolk-glucose- 12 hrs
citrate

71.2
92.9
8.5
96
90
40.7
73.9
71.8
48.3
66.6 49
49.0 49
29.0 33
46.5 61.4
30.6 39.4
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These were results of

16, Wiggan and Modi fFied 12 hrs 9%
Clark (1967) Minnesota inseminations carried
*G0" diluent 36 hrs 93 out in 2 oestrus
17. Ozkoca (1967) Cornell
University
Extender(CUE) 57.1-57.9
Yolk-glucose
citrate 47.8
18. Pavlovic and Diluents Conception rates to
Varadin containing 108 3-6 hrs 387 65 first insemination
(1968) gkim milk
19. Colas et al. Skim milk:
With catalase 74.6
Without catalase 76.0
CUE with catalase 69.4
Without catalase 62.9
20, Lopatko Diluent
(1971) containing Tris,
1.25 glucose 1 hr 115 73
per 100 ml
Glucose-yolk
citrate 99 61.6
21. Zlatarev Yolk-citrate 6219 &7 This was the result of
(1976) a year study using 0.2
mnl semen dose
containing BOx104
spermatozoa
22. llatarev Diluent based 24 hr 87 & 85.6 Lambing rates for 2
(1976) on sodium successive years.
citrate, with
20% yolk 48 hour 62.1 & 67.7
23. Firth (1976) Heated cow
milk or Tris
based diluent 97 5.7
24, Salamon et al. Tris based 2 days 94 .4 Being ¥ fertilised
(1977) diluents with 4 days 91.3 eggs recovered
14%yolk 6 days 75.0 following surgicla
8 days 52.9 insemination of ewes,



25. Martins and

Yolk-glucose 78 46 Semen diluted 20- to
Richardson Yolk-inositol 82 52 30 fold with phosphate
(1979) Yol k-NaCl 78 50 present in all diluent
Without glucose 80 58
26. Ozkoca (1980)  Yolk-citrate-
glucose+penicillin
tstreptomycin  4-6 hrs 81.2-91.3
27. lamfirescus 74 65 48.1 Inseminat ions were
et al.(1983) carried out at 3
oetrus periods
28. Carmenate and  Glucose-lactose-
Gamcik (1984) powdered milk 57.8
Glucose-powdered-
milk-citrate 61.7
Powdered milk 63.8
Glucose-citrate-
yolk 2.3
29. IZlatarev Golden fleece 24 hrs 13860 73.8 Number of lambs born
(1984) diluent+yolk per ewe lambing was
1.77
30. Garcia De Yolk-lactose 288 33.3
Alba Reyes
(1987) Milk diluent 288 40.2
31. Espana 8-12 hrs 154 77, 50 Pregnancies were ,
Garces 338 51 detected by ultrasonic |
(1987) means &0 days after
insemination in 4
groups of ewes.
32. Gokcen et al. Dried milk
(1987) with or without
added PGFza 250 34-48
33. Cordvasoto Sodium citrate 137 73.5
(1988) Milk diluent 137 68.9
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2:4:2. Factors affecting the fertility of chilled ram
spermatozoa

Attempts at extending and store ram semen for periods
beyond 24 hours have met with little success due to the
peculiar nature of ram semen which has been shown to loss
fertility rapidly with increase in storage period. Laboratory
studies of the motility and morphology of chilled ram semen
have not revealed any changes in the spermatozoa that could
be specifically associated with the rapid loss in fertility
of the spermatozoa. The capacity to fertilise appears to have
be lost long before any defect in morphology and motility can
usually be detected (Martin and Richardson, 1979). Several
factors, other than biophysical changes in the spermatozoa
during storage have been reported to greatly influence the
fertility of chilled ram semen. These include length of
storage dilution, dilution rate, type of diluent and
technique of inseminating the ewes viz site of semen
deposition, timing of of insemination, wvolume of inseminate
and number of spermatozoa per insemination dose. The results
of studies carried out on the extent of the influence of
these factors on the fertility of the spermatozoa are

reviewed in this section.

2:4:2 a. Effect of length of storage
Under normal liquid storage conditions, ram semen

cannot last longer than 1-2 days after collection without

showing loss in fertilising capacity. Generally conception



rates obtained with ram semen stored for over 24 hours have
been unsatisfactory. Fertility of the semen generally
declines With storage although good motility may be
maintained. ‘However, the extent to which the fertility is
lost depends on the type of diluent. Yoshioka et al. (1951)
reported that inm an "RH" soluticon, and boric acid-sodium
bicarbonate diluent, ram semen maintained its fertility for
up to 148 and 144 hours respectively. Investigations carried
out using egyg yolk diluents have also shown similar trends of
decline inm fertility of the spermatozoa with storage. Koger
[19751) reported that storage of semcn in either &gg
yolk-citrate ogr egg yolk-phosphate diluents for 24 hours
resulted in a significant drop (11%) in Fertility per day
over a period of 5 daye (from %3 to 0%). On the other hand
pamdal and HMHogset (1955} reported that ram semen stored for
24 hours at 4°C in yolk-citrate diluent gave 22 pregnancies
out of 44 ewsms inseminated. However, the inclusion of glycine
in this diluent reduced the conception rate to no pregnancy
in 19 ewes. Filimon et al. (1954) reported a large decline
in fertility with increase in storage period (20-20% Iin 24
hours), when either yolk-citrate or milk diluents were used.
Dauzier (1954) obtained low conception rates warying from
6-25% after inseminating ewes with semen stored for 12--24
hours at  2oC-49C in either egg yolk-citrvate or egg
yolk-phosphate diluents. By adding antibiotics and glucose

to the egg yolk-cilrate and saturating with carbon dioxide,



Bel jakov (1959) obtained no decline in fertility qF ram
spermatozoa following storage for up to 30 days. Ozkoca
(1961) reported that the conception rate to first
insemination ranged between 65.1 and 71.4% where both
penicillin and streptomycin were added to the egg
yolk-citrate glucose diluent. Salamon and Robinson (1962b)
obtained a linear regression of percentage fertility of ram
spermatozoa on duration of storage in both egg yulk-citrate
and cow milk diluents. These authors concluded that the
maximum duration of storage of ram semen in either of the 2
diluent was 24 hours, and that even this would probably
result in about 15% loss of fertilising ability of the

spermatozoa.

2:4:2b. ff f i nd d i Y

The effects of dilution on the fertility of semen have
been studied most extensively most farm animal species. The
dilution effect in bull semen is most often seen as an
inactivation of the spermatozoa, especially when the semen is
diluted at higher rates. This effect has also been reported
in ram semen and occurs irrespective of the diluent used
(Blackshaw, 1953; Emmens and Blackshaw, 1954). The rapid
inactivation of the spermatozoa during dilution has been
associated with leaking out of materials from the sperm
cells. There appears to be little evidence linking this to
the reduced fertility of diluted semen. However, Graham et

al. (1970) proposed that the amount of intracellular



materials, especially enzymes, left in the cells after such
losses could be very important to the potential fertilising
ability of boar spermatozoa. Gokhale (1958) asserted that
better conception results could be obtained with semen
extended in diluents that caused minimum leakage of the
intracellular materials.

A number of reports have inferred that ram semen may be
diluted without loss of fertilising ability. However ,
comparison of insemination results with diluted and undiluted
semen suggests that dilution causes a significant loss of
fertility. The effect is further compounded when the semen
is cooled and stored at 5°C. Keast and Morley (1261) reported
that dilution caused about 13% decline in fertility. Jones et
al. (1962) also reported that lambing rate following
inseminations with undiluted semen was 46.2%, but that after
dilution, this was lowered to about 246.2%. A similar drop in
fertility of ram semen occurred when cooled to 5°C. Storage
at this temperature further lowered the fertility (Martin and
Richardson, 1979).

While it is accepted that dilution of ram semen results
in the lowering of its fertilising ability, reports have
shown that the rate of dilution is wvery important in
determining the extent to which dilution affects the
fertilty of spermatozoa. Most reports seem to agree that a
1:1 or 1:2 (vw/v, semen:diluent) dilution rate is the most

that ram semen can tolerate without a severe drop in



fertility. But some authors have claimed to have obtained
satisfactory results with higher dilution rates. Forinstance,
Kardymowicz (1953) reported inseminating an average of 289
ewes with one ejaculate, and a maximum of &15. The mean
conception rate was 51%. While Lunca (1964) reported that
dilution rates of up to 1:46 resulted in conception rates to
single inseminations ranging from 50-90%. salamon and
Robinson (1942a) had earlier reported that dilution of ram
semen 1:4 did not affect the fertility (this gave similar
resulte to undiluted semen). Pavlovic and Varadin (1948)
reported that a dilution rate of 1:10 in diluents containing
10% skim milk gave the best results compared to when other
diluents were used. Lopyrin and Manilov (1967) claimed that
all ewes inseminated with ram semen diluted 1000x with
glucose-phosphate or sodium chloride, conceived. However,
Watson and Martin (1974) reported a significant decline in
non-return rates following dilution of ram semen 10- to
30-fold in a buffered glucose-saline solution containing 1.5
or 6% v/v egg yolk. This resulted in a significant decline in
non-return rates.

Some authors have associated the loss of fertility of
diluted ram semen with reduced number of spermatozoa in the
inseminate. Koger (1951) reported that for a conception rate
of over 50%, the spermatozoa number in the inseminate should
not fall below 50 million. Similarly, Salamon and RoLinson

(1942a) reported that provided the number of the spermatozoa



did not fall below SO million per inseminate, a t1:4 dilution
rate did not have any effect on the fertility of ram semen.
Lopyrin and Manilov (1967) obtained conception rates of 88.9%
with 150 million spermatozoa per inseminate in
glucose-phosphate compared to 75% in a control diluent.
However, there was a significant lowering of the conception
rates in both diluents when the spermatozoa number was
reduced to about 30 million per insemination volume. Further
poor results were recorded when spermatozoa doses of about 15
million were used. From these reports it appears that for
good conception rates (over 50%) to be obtained, the number
of spermatozoa inseminated should not fall below the 50
million level given by Koger (19251) and Salamon and Robinson
(1962a ). Also, the effect of dilution on the fertility of ram
semen depends largely on the initial number of the
spermatozoa in the ejaculate before the dilution. It has been
suggested that this initial spermatozoa Eoncentration should
be taken into account during dilution to avoid the adverse
effect of dilution processes on the fertility of the

spermatozoa.

2:4:2 c¢. The influence of time of jnsemination

The importance of accuracy in the timing of insemination
for successful conception of ewes has been stressed (Salamon,
1972; Moss et al., 127?2). Maximum Fertility will be realised
when viable spermatozoa are found in sufficient numbers at

the proper site in the female tract, and at the optimum time
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in relation to ovulation. This optimum time is critical
because of the poor wviability of the ovine egg after
ovulation. Estimates of its fertile life span range from
12-24 hours (Dauzier and Wintenberger, 1252; Thibault, 1947).
The ovum rapidly loses its Turtility wuwupon reaching the
isthmus, and is completely infertile after reaching the
uterus (Terrill, 1975). Fertility Failures following
ingseminations is partly due to improper timing.

Establishment of sufficient numbers of spermatozoa in
the fallopian tube before the arrival of the ovum is
important . However , this depends on the rate of
transportation of the spermatozoa in the ewe’'s reproductive
tract. Estimates of the time taken by the deposited
spermatozoa to reach the middle of the fallopian tube vary
from a few minutes to 8 hours (Robinson, 1959). The
efficiency of spermatozoa transportation diminishes in late
oestrus. Insemination late in the oestrus resulted in poor
lambing rates (Sinclair, 1957; Dunn and Restall, 1961), due
to poor establishment of sufficient spermatozoa in the
cervix, uterus and fallopian tubes. Increased resistance of
the cervical mucus to spermatozoa penetration during oestrus
could be responsible for these effects (Mattner and Braden,
19462). Raobinson (1973) also observed that penetration of the
cervix by spermatozoa and establishment of a cervical
spermatozpa populaton was related to the nature of the

cervical mucus. It is not certain whether the mucus score



gives a time scale of ocestrus or whether ewes display for a
considerable period a particular type of mucus or pogssibly
certain mucus types that may be correlated with a receptive
female reproductive tract (Restall, 19461). However, there
seems to be a relationship between fertility and mucus score
in the reproductive tract of the female. Keast and Morley
(19461) observed 3 types of vaginal mucus in ewes - copious
clear glairy, thick creamy (said to be characteristic of
termination of oestrus), and sparse sticky mucus - with
little lubricating values (associated with off season or
early stages of oestrus). Out of 21 ewes inseminated at the
second stage (creamy mucus stage) only 5 concieved, while out
of 10 ewes mated to rams 4 conceived. Theue results suggest
that insemination of ewes showing the creamy type of mucus
was less effective than of ewes showing the clear glairy
mucus type. Although it has been shown that ovulation occurs
about the termination of vestrus, it is possible that Lhis
type of mucus occurs well after ovulation so that the chances
of fertilisation may further be reduced.

Mattner (1948) suggested possible association of the
poar results obtained following late insemination of female
farm animals with the loss of spermatozoa t hrough
phagocytosis by leucocytes. The number of leucocytes was
observed to increase in the reproductive tract during late

oestrus.



2:4:2 d. Effects of cestrus synchronisation

Fertility following artificial insemination of ewes in
which oestrus has been synchronised by means of progestagen
treatment are generally lower than that obtained with
untreated ewes. This is more so when diluted semen is used.
The initial wuse of intravaginal sponges resulted in
apparently normal fertility following insemination with 0.2
ml of undiluted semen, or with natural mating (Robinson,
1965). But other subsequent investigations have shown that
while fertilisation rates measured in oestrus synchronised
ewes after insemination with undiluted semen have remained
within a fairly high range (Allison and Robinson, 1971),
ingemination with diluted semen on the other hand, have
resulted in very low conception rates, and subsequent
lambings (Moore et al., 19467; Robinson amd Moore, 1947).

Hancock (1962) postulated that an alteration in the
pattern of distribution of spermatozoa in the female
reproduct ive tract, hence the number available for
fertilisation, might be responsible for the lowered fertility
often observed in progestagen treated sheep and cattle.
Experimental! evidence for this was presented by Qﬁinlivan and
Robinson (1947). They observed that the pattern of sperm
recovery from the fallopian tubes of the ewes was altered at
the post withdrawal cestrus following sychronisation with
intravaginal sponges impregnated with a synthetic

fFluoro-progestagen (17a-acetoxy-%a thioro-11B~hydroxypregn-4-



ene-3,20-dione, Cronolone, Searl). This means that the
relatively poor conception rates of progestagen treated ewes
inseminated may be attributed to the reduced chances of large
number of spermatozoa entering the cervix. These group of
ewes (progestagen treated) were said to have an intrinsic
problem of spermatozoa transportation and survival (Quinlivan
and Robinson, 19267). Preliminary observations by Smith and
Allison (1971) indicated that the difference in the pattern
of production of cervical mucus might be implicated in the
poor transportation of the spermatozoa in the genital tract
of the progestagen treated ewes. There is an earlier peak
production of the cervical mucus in such ewes compared ta
normal animals. Davies and Dun (1957), and Robinson (1958)
had earlier suggested that this might be due to an early
onset of oestrus relative to the time of ovulation.

Moore et al. (1947), and Robinson and Moore (1967)
reported that dilution rate and number of spermatozoa in an
inseminate were more critical for ewes in which oestrus was
controlled than ewes in natural oestrus. Allison and Robinson
(1971) reported observing a linear relationship between
increasing spermatozoa concentration per inseminate and
increase conception rates in progestagen treated ewes. Emmens
and Robinson (1962) and Salamon and Robinson (1962) also
reported obtaining good conception rates in treated ewes when
semen was diluted 1:4 (v/v, semen:diluent) and spermatozoa

concentration of between S0-150 x 104 were used. The



aobservations of these investigators seem to suggest that to
obtain goog conception rates in progestagen treatcd ewes, low
dilution rates and high spermatozoa concentrations per

insemination dose should be used.

2:4:2e. Effects of site of semen deposition

The fertility of stored semen is significantly
influenced by the site of its deposition during insemination.
The cervix has remained the usual site for semen deposition
because the small size and complexity of the cervical canal
rarely makes it possible for a normal insemination pipette to
be passed through the cervix of the ewe ( Inskeep, 19274). The
cervix constitutes an initial barrier to the ascent of the
spermatozoa into the uterus. Thus few spermatozoa normally
succeed 1in entering the uterus to effect any fertilisation,
hence the low fertility. Attempts at deeper penetration of
the cervix have resulted in increased fertility of stored
semen, while deposition of semen divectly into the uterus has
given even higher conception rates. Within the cervix,
depositing the semen at a site 0.5 cm deeper than normal
resulted in a significant increase in the conception rate
(Boyarskii, 1986). Koger (1951) observed no difference in
conception rates between inseminations carried either in the
vagina or at the cervix. Tjupic (1959) reported that though
vaginal insemination resulted in good conception rates, the
cervical insemination was superior. Kerton et al. (1984)

reported conception rates of 56%, 53% and 31% following



inseminations at the uterus, cervix or vagina. Tervit et al.
(1984) reported obtaining similar differences in conception
rates following inseminations at the uterus, cervix or
vagina. Direct inseminations onto the ovaries resulted in
very poor conception rates. Tervit (1985) observed that the
percentage of ewes lambing was greater after intra-uterine
insemination followed by deep cervical and cervical
inseminations in that order.

The not iceable increases in fertilization rates
following insemination at greater depths in the ewe’s
reproduct ive tract may be attributed to the establishment of
a larger spermatozoa number at the site of fertilization.
Despite the advantages of Inseminating ewes using the
intra-uterine techniques, widespread application of the

method is limited by its complexity.



SECT : STUDIES DN RAM SEMEN PRESERVATION IN NIGERIA
2:5:1 Survival of stored ram spermatozoa

Much of the research work reviewed in the previous
sections were carried out mainly on the exotic breeds such as
the Merino and Karakul. Little concerted effort has been made
on the artificial insemination of the four main breeds of
sheep in Nigeria (Yankasa, Balami, Uda and West African Dwarf
sheep). The Yankasa breed seems to have been given more
attention in this regard than the other three. In a
preliminary trial, Osinowo (1982) compared artificial
insemination and natural mating using fresh semen diluted in
Tris-glucose-yolk diluent. Overall, natural mating gave a
significantly higher lambing rate than artificial
insemination (88.9 v 59.4%). In a similar study involving the
use of heated cow milk as diluent, 0Odaibo (1990) reported
that i Tut i r i e i Yheu!
significantly higher conception rates than when Tris diluent
was used (76.7 v 44.7% respectively). The lambing rates also
followed the same pattern with the milk diluent giving 44.7%
compared to 26.7% for Tris diluent.

Studies involving various methods of semen preservation
have yielded contradictory results. In a study on ambient
temperature storage of ram semen Pano (1983) observed that
based on motility of the spermatozoa after storage, 1llinois
Variable Temperature diluent (IVT) offered better protection

than 7Tris diluent. Better spermatozoa survival was also
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observed when Carbon dioxide gas was bubbled in both
diluents. There was no consistent pattern of response of
sperm to dilution rates. In the IVT diluent, there was a
decrease in motility with increase in dilution rate up to 1:6
(v/v, semen:diluent ), while in Tris-glucose diluent, motility
remained high even at higher dilution rates. Addition of
either glucose or fructose as sources of energy in Tris
diluent resulted in significant increases in spermatozoa
survival with glucose giving the best results (34.8 v 29.3%
for Tris-glucose and Tris-fructose diluents respectively).
Under these conditions, the author observed that ram semen
could last for only 2 days. In a more recent study on ambient
temperature storage of ram semen, Butswat (1989) observed
that ram spermatozoa were better preserved under a flow
dialysis method than in McCartney bottles over a storage
period of 10 days (45 v 31.4%) with the best results
obtained over a 4-day storage period (73 v 64%). With both
continuous and discontinuous flow dialysis techniques, the
use of low semen volume in the dialysis bags (0.5 and 1.0 ml)
resulted in better sperm survival rates.

Formaldehyde treatment of semen as a met hod of
spermatozoa preservation has been experimented with. O0Osinowo
et al. (1982) observed that apart from the reversible
inhibition of spermatazoa mot 1YL, ! vt iom,  Turmal-
saline had an added advantage of stabilizing and maintaining

the integrity of the spermatozoa membranes. The authors
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reported t hat recovery rate decreased with increased
dilution when 0.01% formaldehyde was used. While the pre-wash
incubation temperature bhad no significant effect on the
motility of the spermatozoa, it had a significant effect on
the proportion of eosinophilic spermatozoa. Osinowo et al.
(1988) reported that of the two methods of washing
formaldehyde treated ram semen - Centrifugation, aspiration
of supernatant and resuspension of the sperm pellet in a
simple medium and Centrifugation through a dense medium to
wash the spermatozoa free of seminal plasma - the ficoll
washing method caused loss of sperm motility although it
still maintained the plasma membrane integrity and wviability
after resuspension in diluents containing egg yolk or
phospholipids. In a similar study Onipe (1989) reported that
Tris diluent was a bhetter post-wash diluent than Phosphate
Buffered Saline (PBS) and Citrate diluents. Inclusion of
glucose in the pre-wash diluent resulted in superior motility
recovery after &4 hours of storage.

In their review, Osinowo et al. (1988) reported that
repeated washing of ram semen is associated with biochemical
changes similar to those due to dilution effect. The severity
of the cellular damages increased with the efficiency of
washing regardless of the type of diluent used - although
hypertonic media resulted in less cell damage compared with
hypotonic media. Enzymes are generally lost during washing

and there is also agglutination, increased eosin uptake and
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depressed motility as well as ultr-structural alteration as a
result of leakage of proteins and other low molecular weight
substances from the sperm cells. Osinowo (1981) had earlier
reported that the effect of temperature on enzyme leakage
patterns may be due to its effect n diffusion processes
generally and membrane structure.

Except for the work of Ahmed (1989) there is no reported
work on deep freezing of ram semen in Nigeria. 1In his study
involving a comparative evaluation of cryoprotect ive
compoundg for deep freezing ram semen, the author reported
that the wviability of spermatozoza during freezing was
influenced by the concentration of the cryoprotective
compound. The optimum concentration being 0.5 M at a dilution
rate of 1:4 (v/v, semen:diluent ). The best cryoprotectants
were glycerol, erythritol and ethylene glycol. The author
also reported that the maintenance of acrosomal membrane
integrity was influenced by some cryoprotectants. Damage to
the plasma membrane appeared uniform irrespective of the
cryoprotective agent used. With chilled method of semen
preservation, there seems to be no reported investigation in

the country.

2:5:2 rtifici i i n i h
For most of the reported insemination trials in Nigeria,
the cervix has remained the usual site of semen deposition.

Odaibo (19920) speculated that an insemination dose of 150 «x
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104 fresh spermatozoa in 0.25% ml of milk diluent deposited in
the cervix can result in conception rates of about B80% and
lambing rates of 70%. Deniran (1990) compared wvaginal and
cervical inseminations. The author reported that deep
cervical insemination resulted in significantly higher
conception and lambing rates than did vaginal insemination.
Ahmed (1989) also compared cervical and intra-uterine
insemination by laparotomy. The results showed that
intra-uterine insemination was better than cervical
insemination.

Reported results of sheep artificial insemination in
Nigeria are scanty and wvaried. Artificial insemination
involving the use of froo! ' nen gave fairly good results
(Osinowo, 1982; O0Odaibo, 1920) although this seems to depend
on the type of diluent used. A further improvement in both
conception and lambing rates was achieved following deep
cervical insemination compared to wvaginal insemination
(Deniran, 1990). Following ambient temperature storage, the
fertility of ram semen declined significantly over the
storage period: 5§5.46, 44.4 and 27.8% for 0, 1 and 2 days of
storage (Butswat, 1989). Insemination doses of either 250 or
500 x 104 spermatozoa in 0.25 ml of inseminate did not differ
significantly in terms of conception rates (44.4 v 40.7%).
The lambing rates also followed the same pattern as the
concept ion rates. Abmed (1989) obtained a generally poor

result following insemination with frozen ram semen.
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considerably good conception and lambing results, the need to
transport the semen from the processing centres to the farm
and the needs for short, medium and even long-term storage
have given rise to studies in the methods of preservation.
Some of the methods of preservation experimented with in this
country, e.g. the ambient temperature preservation by Flow
dialysis techniques (Butswat, 198%?) and deep freezing (Ahmed,
19892) have resulted in guod spermatozoa survival. But large
scale adoption of the methods has been limited by the high
cost of the equipment involved. Thus the need for other
cheaper and less complex methods has been stressed. The
present study was designed Lo investigate the possibility of
improving chilled storage as an alternative to the other

methods so far examined.
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Chapter 3
MATERIALS AND METHODS

Semen
Semen was collected by means of artificial vagina from
yearling Yankasa rams. The number of rams used varied with

the experiment and is stated under each experiment below.

Chemicals used

All chemicals used in the preparation of the diluents in
this study were analytical grade except where otherwise

stated. These are given in Table 1 below.

Table 2 : List of chemicals used in diluent preparation

i — — T ————— .

Name of chemical Mol. Wt. Manufacturer
D-Glucose 180.14 BOH Ltd Poole, England
Tris(Hydroxymethylaminoethane) 121.14 Fisher Sc. Co USA
Tri-Sodium citrate 294.10 BDH Ltd Poole, England
Citric acid monohydrate 210.14 BDH Ltd Poole, England
Fructose 180.16 BDH Ltd Poole, England
Ethylene diamine tetra acetate,

di-sodium salt 372.24 May-Baker Ltd England
Sodium penicillin G ——— Galenika, Yugoslavia

Streptomycin sulphate Remed. S.A (Bruxelles)

————————— ——— —— T — ————— S — G S ————




piluents

Four (4) types of diluents were used in this study.
These are Tris (hydroxymethylaminocethane) based diluent
(Salamon and Robinson 1972), Milk diluent (Salamon and
Robinson, 1962a), Fgg yolk-glucose-citrate (Salamon and
Rabinson, 19242b) and Tris-EDTA-fructose diluent (Visser and
Salamon 1974).

All the diluents were made up in 100 ml wvolumetric
flask without warming. The diluents were sealed in polythene
bags and kept in a freezer at -18°C until needed. The
original compositions of the diluents given by the above
investigators are listed in Table 3 a,b,c and d. The
original compositions were altered where necessary for

experimental purposes.

lable 3: Composition of semen diluents

a) Tris diluent (Salamon and Robinson, 1972)

o ——— i —— i — i ——— i — ——————— o —— —_—————

Component Concentration / 100 ml
Tris (hydroxymethylaminoethane) 300 mM o
Citric acid ?4.7 mM
D-Glucose 27.75 mM
Egg yolk 15% ,v/v
Sodium penicillin G 100,000 i.u
Streptomycin Sulphate 0.1 g

Distilled water made up to 100 ml

- ———— i — ——— o ——— —— T — o o o o o — i ———— —— ——



b) Egg yolk-glucose-citrate diluent (Salamon and
Robinson, 19242 b)

—————— . — T — o . . T o T o o o . i . o, s

Component Concentration / 100 ml
Tri—- Sodium citrate 2.9%
D-Glucose 27.75 mM
Egg yolk 15%, v/v
Sodium penicillin G 100,000 i.u
Streptomycin Sulphate 0.1g
Distilled water made up to 100 ml

o —— ——— T —— ot T T o o o T T o o o o o ot

c) Milk diluent (Salamon and Robinson, 1942 a)

e e e e e e e e e e e o ——— i ———————— o — . i

Component Composition / 100 ml
Egg yolk O TTTTTTTTTTTTTTTTTRsw, wse T
Sodium penicillin G 100,000 1i.u
Streptomycin Sulphate 0.1g
Fresh heated cow milk made up to 100 ml

——— ———— —— T ——— ———————————— T —— — . —— —— ———————————————— —————————

d) Tris-EDTA-fructose diluent (Visser and Salamon,

1974 )
'''' Component  Composition / 100 ml
Tris ___ TTTTTTTTTTTTTTTTTTTT 250 mM
Fructose 111 mm
EDTA 15 mM
Citric acid 72.5 mM
Sodium penicillin G 100,000 i.u
Streptomycin Sulphate 0.1g
Egg yolk 15%, w/v

Distilled water made up to 100 ml

— = ——————— i — o ———



Semen processing and storage

Semen samples were analysed for initial spermatozoa
motility and concentration. The motility was estimated by
observing a drvop of semen on a glass slide with cover slip
under a microscope at 400 x magnification. Only samples with
85-95% motility were used for the experiments. The
spermatozoa concentration was determined by photoelectric
method using a spectrophotometer (Beckmann, Model C-400),
calibrated against haemocytometer counts  at 600 M
wavelength. Average spermatozoa concentration in the semen
samples used was in the range of 2.5 3.0 x 10? / ml.

Semen dilution and storage was done in coded glass test
tubes placed in a water bath at 30°C. A dilutLion rate of 1:4
(v/v, semen:diluent) was used in all the experiments. The
diluted semen samples were transfered into beakers containing
some of the water from the water bath and stored in a
refrigerator set at SoC, At the end of each period,
replicates of the stored semen were taken out and warmed in
a water bath at 37°C for 30 minutes before examining them

for post storage motility estimation.

Destrus detectlion

Ewes between the ages of 2 and 5 years were checked
twice daily for oestrus at 0B0O0O-0200 and 1500-1600 hours
using wvasectomized rams. A total of 240 ewes were used in

this study.



Inseminat ion

Inseminations were carried out 24 hours after oestrus

detection. Two (2) types of insemination pipettes were used:

1. Normal straw insemination pipette.

2 A modified version of the straw pipette tapered at
one end and fitted with a micro-pipette tip for easy
penetration of the cervix.

The cervix was located during insemination by means of a self
illuminating vaginoscope. Each ewe was inseminated with 0.2
ml of either fresh or stored semen containing approximately

250 x 104 spermatozoa.

Non-return to ocestrus check

Inseminated ewes were checked for non-return (NR) to
oestrus using wvasectomized rams from 12-21 days after
insemination. Ewes not returning to oestrus during this

period were assumed to be pregnant.

Lambing rate check
Lambing rates were determined by observing the actual

number of ewes lambing about 150 days after insemination.

Experiments
Experiment 1

This was a 3 x 3 x 5 factorial experiment which compared
the effects of 3 types of diluents (Tris v egg

yolk-glucose-citrate v Milk) and storing for S periods (0 v 2



v 4 v & v 8 days) on the survival of ram spermatozoa during
chilled storage. Semen was collected from 23 Yankasa rams and

used as replicates.

Experiment 2

This was of a2 x 2 x 3 x 4 factorial design. The
effects of adding 2 types of sugar (glucose v fructose) at 2
levels (0 v 27.75 mM) as sources of energy in milk-yolk
diluent and storing for four periods (o v 2 v 4 v 6 days) on
the survival of chilled ram spermatozoa were compared.
Replicates of the treatments were made up from Semen

collected from 3 yearling Yankasa rams.

Experiment 3

This was a@a 3 x 4 x 5 factorial experiment. The effects
of varying the levels of glucose (0 v 13.875 v 27.75 v 41.625
v 55.5 mM) in milk-yolk-glucose diluent and storing for four
(4) periods (0 v 2 v 4 v & days) on the survival of ram
spermatozoa during chilled storage were compared. Semen
collected from 3 yearling Yankasa rams was used as

replicates.

Experiment 4

In this experiment (3 x 4 x 5 factorial) the effects of
3 types of diluents ( Tris v Milk v Tris-Milk) and storing
for 4 periods (0 v 2 v 4 v & days) on the survival of ram

spermatozoa during chilled storage were examined. Semen



collected from S5 yearling Yankasa rams were used as

replicates for the treatments.

Experiment 5
In this 4 x 4 x 5 factorial experiment the effects of

adding 5 levels of ethylene diamine tetra acetic acid
di-sodium salt (EDTA) (0 v 5v 10 v 15 v 20 mM) to
Tris-glucose diluent and storing for 4 periods (0 2 v 4 v &
days) on the survival of ram spermatozoa during chilled
storage were examined. Semen was collected from 4 yearling

Yankasa rams.

Experiment &

This was also a 4 x 4 x 5§ factorial experiment that
examined the effects of adding S levels of EDTA (D v S v 10 v
15 v 20 mM) to Milk diluent and storing for 4 periods (O v 2
v 4 v &6 days) on the survival of ram spermatozoa during
chilled storage. Semen was collected from 4 yearling Yankasa

rams.

Insemination experiment

This was a 2 x 2 x 2 factorial. The effects of the
following factors on the fertility of chilled ram semen were
examined: Type of diluent (Tris v Tris-Milk), storage period
(0 v 2 days) and depth of insemination (cervical v deep

cervical ). A total of 240 ewes divided into 8 groups of 30



each were used as replicates for the treatments. Each ewe was
inseminated with 0.2 ml fresh diluted or stored semen

containing approximately 250 x 104 spermatozoa.

Data analysis

Data from the in vitro experiments (experiments 1 -6)
were analysed using Standard Analysis of Variance following
angular transformation of the data. In the insemination
experiment Chi-Square analysis were used to test the relevant

main effects.
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RESULTS

Experiment 1

The result of this experiment is summarized in Tables 4
and 5. Type of diluent significantly (P<0.001) affected the
survival of ram spermatozoa during storage. Spermatouzoa were
better preserved by Tris diluent than by Cgyg
yolk-glucose-citrate and Milk diluents (43.0 v 37.7 v 27.3%
respectively ). Spermatozoa motility rapidly declined with
increase in storage period (81.1 v 57.8 v 27. 8 v 8.7 v 4.5%
for 0, 2, 4, 4 and 8 days ol storage respectively). There was
a significant (P¢0.001) interaction between type of diluent

and storage period.

Table 4: Summary of analysis of variance: Effects of type of
diluent and length of storage on the
survival of chilled ram spermatozoa (Experiment 1)

o ————— e e e e o ————— — —— ——— ——— —— i — — i —————— — —— ——

source DF MS
6;i;;;;L-i65_ o | 2 “ 951 .e7Rnn
Storage period (SP) 4 9692 . 22%nx

D X SP 8 198.89%%x
Error 30 20.56

————— ——————————— o — T —— . — o i S . . T — .

TESRY:




Iable 5: Effects of type of diluent and length of storage
on the survival of chilled ram spermatozoa
(Experiment 1)

Storage Period (days)

Diluent 0 2 4 b 8 Mean
Tris 81.7+43.3% 61.7+43.3 48.3+1.7 15.0+2.9 8B.3+1.7 43.0
EYGC 81.7+3.3 60.0+2.9 30.042.9 11.7+1.7 5.0+0 37.0
Milk 80.0+5.0 51.743.3 5.010 0 0 27.8
Mean 81.1+3.9 57.813.2 27.7ti2.3 0.9+2.3 4.3+1.7

* % motile spermatozoa (MeaniS.E)

Experiment 2

The result of this experiment is summarized in Tables &
and 7. The addition of either glucose or fructose to the Milk
diluent significantly (P¢0.001) improved the survival of of
ram spermatozoa during chilled storage. aAddition of glucose
gave better results compared to fructose. Overall mean
percentage motile spermatozoa were 45.4 v 36.3% for glucose
and fructose diluents respectively compared to 31.3% for
milk diluent without any sugar. There was a general decline
in percentage motile spermatozoa with increase in storage
period (86.3 v 38.3 v 10.8 v 8.8% fur 0, 2, 4 and & days
respectively ). There were significant interactions betuween
sugar and level, and bhetuween level of sugar and length of

starage (P(0.001).
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Table &4: Summary of analysis of variance: Effects of type and
level of sugar and length of storage on the
survival of chilled ram spermatozoa (Experiment 2)

—— - T i — — — — S W S — — T T . T i S S S . T D S o — - W — T —— — —— ——

source 0or M S
Sugar (S) 1 119 . 420nn
Level (L) 1 LHB2 , PO N
Storage period (SP) 3 6923, 4900
Sugar X Level 1 127 .94%nx
S X SP 3 12.29Ne
L X SP 3 b4 . 16M%"
S XL X SP 3 8.74ns
Error 32 6H.01
xxx p(0.001, n® = Non-significant.

Table 7: Effects of type and level of sugar and length of
storage an the survival of chilled ram

s

spermatuzoa (Experiment 2)

—— —————————————————— —————— i ———— i ——— —— — ———— o o — i — T o o

Storage Period (days)

Level —— - -=—= Mean
Sugar (mM) 0 2 4 6
0 84 .74+1 .7 28.3+3.3 5.0+0 5.0+40 31.3
Glucose Tl et Bl - e i . i . - s s e TG = . - e i
27 .75 90.0+2.9 S58.311.7 18.3+1.7 15.04+0 45.4
0 8540 20.341.7 46.741.7 5.040 31.3
Fructose o e e
27 .75 83.3+3.3 38.3+1.7 123.3+1.7 10.0+0 34.3

= ———— i —— o

* ¥ motile spermatozoa (MeaniS.E)

Experiment 23

The result of this experiment is summarized in Tables B
and 9. There was significant increase (P<0.001) in
gspermatozoa survival with increase in the level of glucose

used up to 27.75 mM but beyrond Lhis, there was a significant
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decline in sperm motility (30.92 v 35.9 v 40.8 v 37.9 v 39.4%
for 0, 13.875, 27.75, 41.625, and 55.5 mM respectively).
Increase in the length of storage also resulted in a
significant (P<¢0.001) decline in spermatozoa survival rates
(2.4 v 45.3 v 5.7% for 0, 2, 4 and &6 days storage
respectively ). There was a significant (P(0.05) interaction

between type of diluent and length of storage.

Table 8: Summary of analysis of variance: Effects of levels
of glucose in milk diluent and length of storage
on the survival of chilled ram spermatozoa
(Experiment 3)

L ——————— e ey

Source D F M S

Glucose level (0L ) 4 156 . 55%nxn

Storage Period (SP) 3 B222 .62nnx

GL X SP 12 21 .921%

Error 40 8.25

% p(0.05,  *®% pc.oo0t T oTTTTTTTTTTTTTTT

Table 9: Effects of level of glucose in milk diluent and
length of storage on the survival of
chilled ram spermatozoa (Experiment 3)

———————— i — i — T ——— i ——

Storage Period (days)
Glucose level

e — i —— o —— o —

(mM) 0 2 4 & Mearn
0 81.7+1.7 35.0%2.9 5.0i0 1.741.7%% 30.9
13.875 81.741.7 43.3+1.7 11.7%¥1.7 &6.7+1.7 35.9
27 .75 85.010 48.341.7 20.0+2.9 10.0+2.9 40.8
41.625 81.7+1.7 50.0+2.9 15.0+0 5.0+0 37.9
55.5 81.7+1.7 S1.7+1.7 20.042.9 5.0+0 39.4
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Experiment 4

A summary of the analysis of the result of this
experiment is given Tahles 10 and 11. There was a significant
(P¢w.o01) effect of type of diluent on the survival of ram
Tris-Milk diluent

spermatozoa during chilled storage.

containing 50% Tris and 50% Milk diluents was intermediate
between Tris and Milk diluents in preserving the spermatozoa
during storage. Mean percentage motile spermatozoa were 53.0
v 46.3 v 38.3% for Tris, Tris-Milk and Milk diluents
respectively. Increase in the length of storage also resulted
in a significant decline in motility (85.0 v 52.7 v 30.0 v
15.3% for O, 2, 4 and & days storage respectively).
Significant (P¢0.001) interaction between type of diluent

and length storage was also observed.

Table 10: Summary of analysis of variance: Effects of type of
diluent (Tris v Tris Milk v Milk) and length of
storage on t he survival of chilled ram
spermatozoa (experiment 4)

Source DF M S

Diluent (D) 2 662 42 Nun
Storage Period (SP) 3 5962 .89 nxx

D X SP 4 104 .97 %%x

Error 48 15.37

%% p¢o.001 T TTTTTTTTTTTTTTTTTmTTTTTTTTTTTTTT
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Iable 11: Effects of type of diluent (Tris v Tris-Milk v
Milk) and length of storage on the
survival of chilled ram spermatozoa
(Experiment 4).

"""""""""""""""""""" Storage Period (days)

Diluent 6- - 5_._“ _ "ﬁ;ﬂuh_"ﬂ__-_;_-"ﬁ — Mean

Tris  B6.012.5%% 57.0:2.6 42.042.0 27.081.2  53.0

Milk 83.041.2 48.04+2.6 18.0%+2.0 4.0+1.9 38.3

Tris-Milk 86.0+2.5 53.042.8 31.0£%.9 15.041.6 446 .2

Mean 85.0  S52.7 30.0  15.3

“* ¥ motile spermatozoa (Meant 5.E)

Experiment S

Summaries of the analysis of the result of this

experiment are given iIn Tables 12 and 13. There was a

significant (P(0.001) increase in spermatozoa survival rates

with increase
to 10 mM but beyond t

spermatozoa.

45.4 v 492.1.0 v 52.8 v 52.2 v 41.3% for 0, 5,

mM of EDTA respectively

mM. Increase in the le

significant (P¢0.001) decline in survival rates (87.0 v

v 33.3 v 17.8% for 0, 2,
There was a significant

diluent and length of st

in the level of £DTA included in the diluent up

his, EDTA was detyimental to the

Overall mean percentage motile spermatozoa were

10, 15 and 20

’ The optimum level of EDTA was 10
ngth of storage period resulted in
54 .4

4 and & days storage respectively).
(P¢0.05) interaction between type of

orage .
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Table 12: Summary of analysis of varlance: Effects of level
of EDTA in Tris CEDTA glucose diluent and length of
storage on the survival of chilled ram
spermatozoa (Experiment 5).

Source " oF Ms

EDTA Level (EL) 4 176 .31 0%

Storage Period (SP) 3 7375 . HANWN

EL X SP 12 26 .59

Error 60 12.75

SRS, T RRRRwGLO0T T TTTTTTTTTTTT = =8

Iable 13: Effects of level of EDTA in Tris-EDTA glucose

diluent and length of storage on the
survival of chilled ram spermatozoa (Experiment
S)

""""" Storage Period (days)

L8vel of = S Y = o = ey e 3 . .

EDAT (mM) 0 2 4 & Mean

0 90.042.0% 48.812.4 31.342.4 11.3+2.4 45.4
5 83.8+1.3 57.543.2 33.8412.4 21.3+2.4 49.1
10 B7.513.2 62.5:3.2 37.5+1.4 23.B+1.3 52.8
15 20.0+2.9 58.8+2.4 37.543.2 22.531.4 52.2
20 82.842.4 42.5i2.5 28.8412.4 10.0+2.0 41.3

“Mean "87.0 54.0 33.8  17.8

* % motile spermatozoa (Mean_t S.E)

Experiment &

Tables 14 and 15 summarize the results of the analysis

of this experiment. EDTA was highly (P<¢0.001) detrimental to

spermatozoa survival when added to milk diluent (43.8 v 35.3

v 32.2v 29.1 v 24.1% for 0, 5, 10, 15 and 20 mM of EDTA
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respectively). Also, motility decl ined significantly
(P¢0.001) with increase in storage period( 90.3 v 33.5 v 4.8
v 1.0% for 0, 2, 4 and 6 days storage respectively). There
wag a significant interaction between level of CEDTA and

storage period (P(0.001).

4: Summary of analysis of variance: Effects of level
of EDTA in milk diluent and length of storage
on the survival of chilled ram spermatozoa
(Experiment &)

Source DF MS

EDTA Level (CL) 4 LA D] wwm
Storage Period (SP) 3 19525.16 %xx
€L X SP 12 138.28 x»x
Errar &0 20.47

e s — —————  — — — T ——— ———————— —————— o —

%% P(0.001

Table 15: Effects of level of CDTA in milk diluent and
length of storage period on the survival of
chilled ram spermatozoa.

Storage Period (days)

Level of ——— e - s
EDTA (mM) 0 2 4 6 Mean
8] 93.841.3* 60.04+2.0 18.842.4 2.5%1.4 43.8
5 87.5+4.3 40.0+2.9 11.3:2.4 2.5+1.4 35.3
10 91.312.4 35.013.5 2.5¢1.4 O 32.2
15 91.342.4 23.8+1.3 1,341.3 O 29.1
20 87.511.4 8.841.3 ) 0 24.1
“Mean 0.3 33.8 6.8 1.0

* ¥ motile spermatozoa. (Mean + S.C)
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Inseminat ion Experiment
Non-return rates

The result is shown in Ffigure 1. There was no
significant effect (X2=0.142, df=1, P>0.05) of type of
diluent on non-return rates (32.5 v 41.7% for Tris and
Tris-milk diluents respectively). Increase in storage period
however resulted in a significant (X2=7.874, df=1, P<0.001)
decline in the number of ewes not returning to cestrus (47.5
v 29.5 % for.0 and 1 day storage respectively). However,
inseminations carried out deep into the cervix resulted in
higher (X2=6.447, df=1, P<0.001) non-return rates than those

carried out at the cervix (45.8 v 28.3% respectively).
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Lambing rates

The result is summarized in figure 2. The lambing rates
also followed the same pattern as the non-return rates.
Lambing rates were significantly higher (X2= 4.35, d.f=1,
P¢0.001 ) following deep cervical insemination compared to
cervical inseminations (40.0 v 24 .2% respectively ). They were
also significantly higher (X2=8.32, d.f= 1 , P<0.001)
following insemination with fresh diluted semen than with
semen stored for 24 hours after dilution (41.7 v 22.5%
respectively ). There was no significant effect (X2=1.53, d.f=
1, P>0.05) of type of diluent on lambing rates (34.5 v 27.5%

for Tris+Milk and Tris diluents respectively).
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CHAPTER 5

DISCUSSION
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Chapter S

DISCUSSION

The results of these experiments show that for chilled
storage of ram semen at S°C type of diluent and length of
storage significantly influenced the survival of the
spermatozoa. Fertility of the spermatozoa was also influenced
by the length of storage and depth of insemination.

In experiment 1, the observed inferiority of Milk
diluent to other diluents especially Tris diluent for storage
of ram semen at 5°C agreed with the findings of Salamon and
Robinson (1942a) and Carmenate and Gamicik (1984). The
interaction of diluent and length of storage was due to the
poor performance of the Milk diluent in which spermatozoa
survived for only 24 hours of storage. The poor performance
of the Milk diluent could be attributed to the absence of
suitable sources of energy in it to support the spermatozoa.
This assertion was confirmed in experiment 2 in which the
addition of either glucose or fructouse to the milk diluent
resulted in a significant improvement in spermatozoa
survival. The better survival of spermatozoa in the
glucose-Milk diluent than the fructose containing diluent
could be as a result of the preferential wutilization of
glucose as an exogenous source of energy. Foote (1962) and
Salamom and Visser (1973) reported similar fFindings although
fructose is the natural sugar in the seminal plasma of most

farm animals including rams. The reason has been attributed
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to the greater affinity of glucose to the spermatozoa enzyme
hexokinase which is responsible for the phosphorylatiaon of
both glucose and fructose (Mann and Mann, 1981).

In experiment 3, the relatively poor spermatozoa
survival observed at low glucose concentrations could be
attributed to insufficient amounts in the diluent to support
the spermatozoa for longer periods. [ts detrimental effect
at higher levels may be a result of altered physio-chemical
properties of the diluent such as osmotic pressure beyond
optimal levels. The optimum level of glucose (27.75 mM)
obtained in this study is similar to that reported by Foole
(1969 ) and Salamon and Visser (1273).

In experiment 4, it is possible that the better
buffering capacily of Tris and the glucose added to Milk
diluent were the Ffactors responsible For the  observed
improved spermatozoa survival compared to Milk diluent.
Lapwood and Martin (1272) listed Tris as one of the buffers
that had a depressing or somelimes toxic effect on
spermatozoa in the presence of milk solids. This effect of
Tris was not observed in tLhe present study although
percentage molile spermatozoa in the Tris-Milk diluent were
lower than in Tris diluent (53.0 v 44.3%) but the difference
was not significant.

The beneficial effect of EDTA on the wviability of
spermatozoa during chilled storage was evident in experiment

5. Visser and Salamon (1974), Babicheva and Morgov (1971) and
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Macmillan et al. (19272) reported observing a similar
beneficial effect of adding EDTA to semen diluent on the
survival of the spermatozoa. Macmillan et al. (1972) alledged
that EDTA protects the spermatozoa against the toxic effects
of hydrogen peroxide formed by the oxidation of some amino
acids in the semen extender. Fur deep freezing of ram semen
Visser and Salamon (1974) gave the optimum level of EDTA as
15 mM but in the present study involving chilled storage the
optimum concentration of EDTA was 10 mM. The beneficial role
of EDTA in protecting spermatozoa during storage was not
observed when it was included in Milk diluent. Salamon et
al. (1973) and Visser and Salamon (1974) reported that the
protection afforded spermatozoa by CDTA depends on the type
and composition of the diluent used: the effect being more
pronoucid in Tris diluents than other types of diluents.,

The significant interaction between type of diluent and
length of storage in experiments 1 and 4 were due to the
rapid decline in spermatozoa motility in Milk diluent after
1 day of storage compared to other diluents. Similarly the
rapid decline in motility at higher glucose and EDTA levels
(experiments 3 and 5) accounts for Lthe observed interaction
between levels of glucose and EDTA and length of storage
period.

Fertility of chilled ram semen, indicated by the rate
of non-return of ewes to oestrus and lambing rates obtained

in the present study was not significantly affected by type
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of diluent. This conflicts with the reports of Schindler and
amir (1973), Zlatarev (1976), Ozkoca (1980) and Espana Garcia
(1987 ). It seems the mixing of 50% Tris and 50% Milk diluents
in this study did not materially afFfect the fertility of the
spermatozoa to bring about any significant difference in
conception rates following insemination compared to when Tris
diluent was used. The effect of storage on conception rates
observed in the present study agrees with the findings of
Salamon and Robinson (1262b), Wiggan and Clark (1967),
Zlatarev (1976) and Firth (1974). Fertility of the
spermatozoa seems to be lost somewhere between processing and
storage of the semen. It is possible that the reported
morphological and biochemical changes that occur in the
spermatozoa during storage (Gokhale, 1958; Graham et al.,
19270) may in one way or the other contribute to the decline
in fertility of stored ram spermatozoa. Gokhale (1958)
reported observing fertility of semen to be least affected
where there was a minimum leaking of materials especially
From the spermatuvzoa into the surrounding Ffluid. The
difference in conception and lambing rates following
insemination at the cervix or deep into the cervix agrees
with the findings of Tervit et al. (1984), Kerton et &al.
(1984) and Boyarskii (1784). These increases in fertility
could be attributed to the possibility of more wviable
spermatozoa reaching the site of fertilization. The cervix

has been reported to constitute an initial barrier to the
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movement of the spermatozoa into the uterus as a result of
which only a few spermatozoa reach the fertilization site. By
depositing the semen deep into the cervix, the chances of
viable spermatozoa reaching the ovum and ferltilising it are
increased, resulting in the observed high conception and
subsequent lambing rates.

From the results of the present study, it can be
concluded that for chilled storage of ram semen, Tris diluent
is the best diluent. 1Its performance is further improved by
the addition of 10 mM of EDTA. The performance of Milk
diluent for chilled storage of ram semen is improved by the
inclusion of either glucose or fructose, glucose being the
sugar of choice. The optimum level of glucose that can be
added is 27.75 mM. Under storage conditions as provided in
this study, chilled ram spermatozoa can last up to 2 days of
storage after collection. However, for good fertility the
inseminations should be carried out within 24 hours of semen
collection and dilution. Further increase in fertility of
chilled ram semen can be obtained if inseminations are

carried out deep into Lhe cervix.
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SEMEN EVALUATION BEFORE DILUTION

a) Experiment 1
Ram Tag

No .

b) Experiment 2
Ram Tag
No .
137
156

1720

APPENDIX 1

Sperm Concentration

(x 107)

2.738

Sperm Concentration

(x 107)

Motility
(%)

70
85

80

Motility
(%)

85
85
90
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c) Experiment 3

Ram Tag Sperm Concentration Motility

No. (x 10%) (%)
1407 3.252 25
111 2.738 85
170 4.281 20

d) Experiment 4

Ram Tag Sperm concentration Motility
No. (x 10?) (%)
161 3.639 70

173 2 D67 80

111 2.702 85

190 2.594 25

137 3.281 20

e) Experiment S

Ram Tag Sperm concentration Motility
No. (x 10?) (%)
111 3.025 70

173 2. 725 85

120 2.832 25

141 2.999 80
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f) Experiment &

Ram Tag
NO .
161
173
111
1?20

Sperm concentrabion
(x 10%°)
2.730

3.081

(B
w
e
w

o«
.

n
in
48]

g) Insemination experiment

Ram Tag

NG .

Sperm concentrat ion

( x 10?)

2,738
3.081
3281
2.233

2709

Motility

(%)

Motility

(%)

70
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Experiment 4
«
Factors: 3 x 4 x 5

1. Diluent: Tris v TristMilk-glucose v Milk
2. Storage period: 0O v 2 v 4 v 6 days

3. Replicates: S5 rams

Experiment 5
Factors: S x 4 x 4
1. Level of EDTA in Tris diluent: O v 5 v 10 v 15 v 20mM
2. Storage period: 0 v 2 v 4 v & days

3. Replicates: 4 rams

Experiment 4
Factors: 5 x 4 x 4
1. Level of EDTA in Milk diluent: O v S v 10 v 15 v 20mM
2. Storage: 0 v 2 v 4 v & days

3. Replicates: 4 rams

b) Factorial design for insemination expériment
Factors: 2 x 2 x 2
1. Diluent: Tris v Tris+Milk
2. Storage: 0 v 1 day
3. Depth of insemination: Cervical v Deep cervical

A total of 240 ewes were inseminated. These were divided

into 8 groups of 30 each.
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