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ABSTRACT

A comparative evaluation of cryoprotective compounds
for deep freezing of ram spermatozoa in tris diluent was
carried out. The experimental work is presented in four
sections. The first section contains the experiments which
screened the effect of some cryoprotective compounds on post-
thawing survival of ram spermatozoa deep frozen in tEris
diluent. The viability of spermatozoa was influenced by
cryoprotective compound concentration, dilution rate of the
cryoprotective compounds concentration, dilution rate and
post—-thawing incubation. The optimum concentration for most
of the cryoprotective compounds wused in this study was found
to be 0,.5M while 1:4 (semen:tdiluent, v/v) dilution rate was
best. There was a general decline in post-thawing motility
with increase in incubation time. Compounds such as DMSO,
polyethylene glycol and acetamide gave no appreciable
protective effect to ram spermatozoa during freezing. But
glycerol, erythritol and ethylene glycol gave protection to
the +Freezing ram spermatozoa. The experiments revealed
interactions between some of the factors examined.

In section 2 a comparative evaluation of the cryoprotec—
tive compounds (used in section 1) was carried out. These
wae no significant difference in post-thawing survival of
spermatozoa when thawed at 37°C, but there was a poor post-
thawing survival after thawing at 27°C. Ram spermatozoa can
be frozen in highly concentrated form without greatly
affecting the post-thawing recovery rate. Freezing at
concentrations of up to 2 x 10% cells per ml gave
satisfactory post-thawing recovery rate following two-step
dilution technique. BGlycerol, erythritol and ethylene glycol
showead the best post-thawing motility. There were inter—
actions between some of the factors examined.

The third section dealt with the effects of combination
and substitution of some cryoprotective compounds on post-
thawing survival of ram spermatozoa deep—frozen in tris

diluent. The combination of glycerol and erythritol offered
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better protection to Ffrorzen sparmatozoa than glycernl.
@thviene glycnl aor erythritol as =single compounds or combi-
nation of all three. In the substitution technigque which
involved a two-step dilution, glyrerol as an initial compound
gave the highest post-thawing motility compared to ethylene
glycol, acetamide, DMS0 and erythritol. There was a highly
significapt interaction (P < 0.001}) between initial and
freazing cryoprotective compounds which was mainly due to the
prezenca of glycerol as  the initial cryoprotective compound,
The cambination and substitution technigues demonstrated the
tolerance aof ram spermatazoa to high osmotic pressure of more
than 1000 mosm. The post-thawing motility was substantially
ioproved following substitution and combination techniques as
thaere was no significant decline in motility, during the & hr
post—~thawing incubation. This +indings is of practical
importance when it cames ta artificial insemination since the
semen could bhe thawed and kept at 3I7'C without much decline
in morility. ;

in these experiments the acrosaomal menbrane integrity
and live-dead ratio were examined after freezing. The integ—
rity of acrosomal membrane was influenced by some cryoprotec—
tive compounds and post-thawing incubation. It was observed
that with frozen—thawed ram spermsatozoa it wag not possibie
to categorize the acrosomal damages. The damage appear uni-—
form irrespective of cryoprotective compounds used. The live
and dead ratio was generally influenced by crvoprotective
compound treatments and incubation time.

In section 4 fertility trials weres raeported. Though
cryoprotective compounds treatment was the only factor
cansidered, there were some variations in the four fairtility
trials. Use of PMSE and insemination dose and insemination
technique were varied. Generally the overall lambing rate
following insemination with deep~frozen sesman after esbtrus
synchronization was poor. However, important in fertility
was aobserved after inseminatinn at the second esirus aftor

synchronization.
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INTRODUCTIDN

The greatest advances artificial insemination have come
from development in taechniques for the dilution and storage
of semen. Simple isctonic media can be used for dilution of
semen that is to be inseminated within a short time atter
callection. For storage however, the medium should provide
samea buffering capacity and perhaps some suhstrates For
metaboliam, but in addition, i1t should also provide protect-
ian against what has been termed "dilution effect" on sperma-
torpa (Polge, 1973). Good storage medium usually contains
protein, and the addition of eqgqg yolk or milk to a simple
phosphate or citrate buffer has proved to be very satis-
factoary for most species. Egg yolk and mil) provide proteck-
ion against deleterious effects of chilling, and semen
diluted in these miedia can then be cocled to temperatures a
l1ittle above O'C without damage., Motility and metabolizm of
the spermatozoa arg thereby reduced and their survival in
vitro is considerably extended.

In all the available technigues before 1949, the period
df storage was very strictly limited, but a great step for—
ward was made when methods were discovered that permitied the
lang-term preservation of spermatozoa at very low tempera-
tures. Normally spermatozos are killed i+Ff the semen is
frozen. Most cryobinlogists date the beginning of the modern
ora of cryobiology from the discovery of the cryvoprotective
properties of glycernl against lethal effects of freering and
thawing on spermatoroa by Polges ot al. (1249, This served
az the key that opened the door to future developments in the
preservation of zemen by deep freezing. With this discovery
it was possible to store semen in the frozen state almost
indefinitely. Since tbﬂ?Hm%ﬁ%?ﬁ@ﬂﬁ f};ﬁ:;ify, cryoprotective
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agents have been used to secure the swvival of many
living systems after storage at low temperatures. Despite
this impressive degree of success, few cryopreservation
techniques today permit 100 per cent survival after freeezing
and thawing. The preservation of many important living
systems has proven unsatisfactory or unsuccessful. In other
words, cryoprotectants are generally not panaceas, even when
used at optimized cooling and warming rates (Fahy, 19856).

Most of the research work on semen preservation and
artificial insemination in sheep carried out elsewhere were
specific on exotic breeds such as the merino. Despite the
presence of four main breeds of sheep in Nigeria, there is no
concerted effort on artificial insemination in sheep. The
breeds of sheep include Yankasa, Balami, Uda and West African
Dwar+. Each of these breeds has its own merit over the
others, ranging from fast growth of Balami to disease resis-—
tance of Yankasa. These breeds could be improved through
selection and cross breeding. Where natural mating is not
possible, artificial insemination could be an alternative.
Aleo, with the breeds located in various ecological zones, it
would be much cheaper to trancport semen from one part of the
country to the other rather than transporting the live
animals. Even if trancported, the animals might die before
adjusting to the new environment. At present, a crop of
Nigerian elite livestock farmers are coming up who might
appreciate artificial insemination in sheep.

The need For artificial insemination for sheep is
becoming increasingly apparent. In an intensive system
utilising controlled reproduction, artificial insemination is
required to simplify management and to increase the number of
ewes that can be mated to an individual ram at a synchronized

oestrus under field conditions. In addition, artificial



insemination is important because of its potential Ffor
exploiting the genetic merit of superior rams. The applica-
tion of artificial incemination to sheep is presently not
practised in Nigeria. The country being in the tropics, the
keeping quality of fresh semen and even extended semen at
ambient temperature would be limited. Deep frozen storage of
ram semen could be the answer since such semen keeps inde-
finitely only to be used when needed. However, if the econo-
mics, conveniences and advantages that can be realised
through artificial insemination are to be made available to
the sheep industry, artificial insemination procedures suited
to Nigerian conditions must be developed.

The survival and fertilizing capacity of frozen sperma-
tozpa are good for some species but poor in the majority of
species. Not all factors involved in the frozen storage of
semen have been fully investigated. Many specific sffects of
cryoprotectants are not fully understood. For example, some
known cryoprotectants become damaging when concentrated hy
freezing (Lee, 19713 Show et al., 1975 and Fahy, 19854).

The present study was decigned to investigate the use of
various cryoprotective compounds on deep frozen storage of
ram spermatoroa. The main objective of the study was to
develop improved crypreservation techniques for ram sperma-—
tozoca which could be used in the sheep industry. The speci-
fir objectives of this study were to evaluate the efficacy of
various cryoprotective compounds, singly or in combination,
on the post-thawing recovery, survival and Ffertilizing
capacity of deep frozen ram spermatozoca. The experimental

work was conducted as follows:



1. Screening of zseveral cryoprotective cospounds while
detarmining optimum semen dilution rate and cryprotectant

concentration.

2. Undertaking a comparative evaluation of cryoprotectants
salected for their cryoprotective action on ram

spermatoz2pa.

3. Ewvaluating the pffocts of combination and substitutrion of

s#lected cryoprotective compounde on ram sparmatozoa, and

4. Fertility tests with ram semern frozen using single andg
combhined cryoprotective compounds, following ocestrucs

synchronization.



1. REVIEW OF THE LITERATURE



1.1 Cryoprotective Compounds

To deep freeze cells and tissues, it is necessary to
add cryoprotective compounds to the diluting medium. The
type and concentration of the cryoprotectant is very
important. RBRasically there are two kinds of cryoprotective

compounds (Meryman, 19713 McBGan, 1978):

1. Penetrating cryoprotective agents: These include
glyrerol, dimethylsulphoxide (PMSD), propanediol,
erythritol, acetamide, ethanol and other alcohols.

Even though Sherman (19563) ohserved that intracellular
glycerol was not essential for maximum survival of
certain cells, it was found that these compounds must
penetrate into the cell in order to produce their maximum
protective effect. The effects of these substances
mostly occur in multimolar concentrations (1-4 M). Rapid
and thorough penetration is necessary to produce the

best protective effect. However, the danger of toxicity

is guite considerable.

2. Non-penetrating cryoprotective agente: Examples are
polyvinyl pyrollidone (PVP), polyethylene glycol-4DD
(PEG), sucrose, glucose, mannitol and other sugars.

Their protective effect is produced outside the cell.
The effect is generally greater at low molar concent-
rations (D.D1-0.2M). 1In general; these substances are
considerably less toxic than the penetrating {intra-
cellular) cryoprotective agents.

Racically there are three possible ways in which the

protective effect of cryoprotective agents are believed to

worlks:



&. They redure damage from solution effect and intracellular
freering (Farrant, 19265; Lepock et al., 1978y. Blyrcerol,
far example, redures the sodium ion concentratian in the
extracellul ar medium quite considerably (Rall et af.,
1978).

b. They lower the temperature at which intraceliular freezing
occurs between —35 and —-45*C wher a cryoprotective agent
is present (Leibo et al., 197B). 1In its absence free-
zing will occur at about -10%C.

¢. They stabilize the cell membrane (Mawre, 1978}, though the
exact mechanism of the protective effect is yot to be
undgrstuud. 

Cryoprotective agents can reduce or prevent freeszing
damage but they themselves can damage the cells as a result
of osmotic changes (Rall et al., 19783 Fahy, 1986}, The
osmotic conditions in the medium altor dramatically with the

addition of the cryoprotective agents. Addition of 1.0-1.4 M

of glycerol can raise the osmctic pressure of the diluent

from about 300 pDem  to aboutr 1500 mDsm  (Niemann, 1982, 1t

is recognised that cryoprotective agents should be added in a

stppwize manner to give the sensitive cells sufficient time

for equilibration. The spsrmatoczoon has the same basic
requirements of protectinn as other mammalian ceils against
thermal and osmotic damage. Water is removed #rom sclution
during freezing with a resultant ice crystal Formation and
concentration of solutes {Foote, 1272). Certain unprotected
celis such as red blood cells and a few nuclaeated mammalian
cells can survive freezing in water oF in simple salt solut-
ion i+ they are cooled at optimum rate. These ceells will
survive better if a protective additive such as glycerol is
prezent. Various phospholipids, lipoproteins and proteins,

provide some protection to the spermatozoa during cooling and



freezing. However, buffered eqg vyolk or milk are
generally superior to various organic extracts in their
protective activity, particularly against cold shock.

The cryoprotective effect of glycerol was discovered by
Polge et al., (1949}, It remained the most effective
cryoprotectant until Lovelock and Rishop (1959) demonstrated
protection by dimethyl sulphoxide (DMSO). However , other
solutes, chiefly sugars and macromaolecules such as lactose
and polyvinyl pyrrolidone (PVP) can protect some cells under
certain conditions (Doebbler, 19&5%). Several cryoprotective
compounds have been used for the precervation of spermatozoa
of various animal species (Graham and Crabo, 19723 Wilmut and
Polge, 1972; Salamon et al., 197F; Hanada and Nagase, 1980;
Jeyendran and Braham, 1980). A wvariety of agents such as
erythritol, adonitol, acetamide, dimethy! sulpbhoxide, poly-
vinyl pyrrylidone have been recognised for their ability to
protect red blood rcells, ova, cells in tissue culture, and
spormatozoa of scsome speciecs other than farm animals during
deep freezing. The degree of cryoprotection offered by these
compounds has been found to vary considerably from one type
of cell to annther, as well as between similar types of cells
from different speciec of animals. Some compounds have been
evamined for deep-freezing of ram spermatozoa, but relatively
few of them offered sufficient cryoprotective action.

Platov (1945) reported that 1.75% and 2% ethylene glycol
gave satisfactory recovery rates <cimilar to 3.5% glycerol,
after deep—freezing ram spermatozea. Jones (1945a; 196Sh)
obeerved the toxicity of DMS0 to ram spermatozoa. Salamon
(19568) investigated glycerol, ethylene glycol and DMSO
ceparately and in combination as cryoprotective compounds for
freezing of ram spermatoroa. It was observed that glycerol

(S%) gave better protection to spermatozoa during freezing



than ethylene glycol (8% o DHMED (3%} o their combi-
nation.

Despite the cnnéiderable investigations on cryoprotec-
tive compounds for mammalian spermatoroa, glycerol remains
the mozst widely wsed agent for deep~freerzing spermatozoa
{(Balamon, 1%4B3; Feote, 19783 Jeyendran and Graham, 1980).
The optimum level of glycerol in the diluted ram comen was
observed 1o be about 4% (Fraser, 192468; Jones, 19493 Johnson
et al., 1974y Colas, 19758, Howsver, other investigators
ueed as high as 11.5% glycercl (Fiser et al., 1981), &Btill
other workers used values helow the reported optimum and
obtained satisfactory gspermatozoa recovery rates. Pilatov
(1955) used 3.5% glycerol while Salamon (1970) observed that
glycerol in 2)% concentration was sufficient to obtain satis-
factory revival of frozen ram spermatozoa. The latter author
speculated on the possibility of further decrease in or even
exclusion of) glycerol when freszing. Colas (1975) observed
that the tepdency towards a decrease in glycerol level might
probably be used to improve results obtained when zemen was
diluted tn a constant conrentration of 900 x 10® sgperma-
tozoa/m}. Py this the quantity of glycerol per cell remained
more constant than at a rconstant diluwtion ratio of 1:4
{semenzdiluent, v./v) when the yguantity of glycerol per cell
would Be variable, because opf the variation in number of
spermatozoa between samen camples. This sesms to suggest
that the optimum level of glyrcerpl in diluted semen is
perhaps related to its firnal concentration, relative to the
spermatozoa. This relationship does not appear to have been
considered by other workers and may bLe one reason for the
divercity of published findings on freezing pDé ram sperma-
tazaa. o '

Salamon (1948B) ohserved that optimum glycerol level ceams
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to be dependent on type of sugar used in the diluent.
Lactose gave acceptable survival with only 14 glycerol or
even without glycerol. The type of sugar used also appeared
to determine whether glycerol should be added at ID°C (one-
step) or after cooling tec 5'C (two-steps). In either case an
equilibration time of 2.5 h appeared beneficial especially
after the two-step dilution. In a recent pvaluation of
cryoprotective compounds for bull  spermatoroa, addition of
the cryoprcotective compounds appeared to be better at 35°C
than at S*°C (Jeyendran and Graham, 198D).

It has been observed that apart +from cryoprotectants
added to semen diluent, egg yplk also provides some cryo-
protection to the spermatozoa. FPace and Graham (1974)
reported that glycerol provided 1little protection during
freezing in the absence of egg vyolk. Infact it has been
observed that some cryoprotective compounds do not protect
spermatozoa in the absence of egg yolk (Graham and Crabo,
1972). This suggests that egg vyolk and glyceronl interact
with each other or with the sperm membrane to yield a
synergistic effect during +Freezing. Jeyendran et al.
(1979) ohecerved a macromolecular interaction bestween egg yolk
and seminal plasma proteine. The use of fluorescent prohes
has demonstrated a coating of eqg yolk proteins on the
spermatozoa membrane (Smith and Polge, 1950). 1t therefore
appears that this interaction between egg yolk and seminal
plasma proteins may be responsihle for coating the spermato-
zoa surface which then aids in cryoprotection. A low
molecular weight compound such as glycerol may influence
occurrence of the above interaction.

Most cryoprotectants appear to protect against solution
effects rather than against intracellular freezing as demon—

strated by Ma-ur (1970; 1977). He observed that increases in
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the concentration of glycerol raiced the survival of
slowly conled stem cells and cow and huaman red blood cells
more than that of rapidly cooled celle: The recovery rata of
rapidly cooled cow and human red blood cells were effectively
decreacsad {(Mazur, 195383 Rapatz and Luyet, 1268). It has heen
demonstrated that glycersnl and DMSD offer protection on a
molar bacis, and thst the two compounds arct hy reducing tha
elactrolyte concentration in  the residuzal unfrozen =clution
in, and around 3 cell at any given temperature (Lovelock,
1953 . Lovelock (1954) concluded that only low molecalar
weight hydrophilic solutes with low eutectic points could
protect cells, bhecause only such solutes could vield sclut-
iong af high molar corncentration at sufficiently low tempe-
rature. He also stated that +to be protective, a solute must
permeate a cell, or else it would not prevent a rise in
intraceliular electrolyte concentration during freezing.
Meryman (1944) reached a similar conclusion about additives
an the hsis of this hypothesis, ascribing a solution effect
damage to cemotic forces.

Although protection by glycerol; DMED and most other low
mol ecul ar weight solutes is explicable pn the basis of mola-
rity and solubility (Lovelock, 19543 HNash, 1962), protection
by macromolecules is not. Dasbhleor and Rinfret (1285 found
that when red blood cells are suspended in PYP, polyethvylene
glycol, sorum albumin, or in dextran solution, they survived
freering at a2 cooling rate of ZDRC/minute. Protection at
that cooling rate was correlated, not with the molarity of
the additive, but with the malarity of the potential hydrogen
bonding groups on the solute. An alternative explanation of
the anomalously high +$reerxing point depression (FPD) by PVP
is that the preferential binding reduced the ambunt of free

water available for the solution of electrolytes and actually
~AGHIME TBRARIM LIBRARY

ARMEDU BELLD UMIVERSITY
"ARWA G RIREC A



1™

raised their concent-ration in the residual unbound water.

The protection by macromolecules raises gquestions about
lovelock's and Meryman’s conclusion that protection requires
permeation. Penetration of mores than tracre quantitiecs of
molecules with molecular weights greater than 10,000 into
rells seems unlikely. There is some doubt whether glycerol
has to permeate in order to protect. Lovelock (1953) obser-
ved that the recovery of frozen human red blood cell was
poorer (L3 recovery) when glycerol pormeation was blocked by
copper ions than when it was not (974 recovery). However,
the resultz cobtained when glycerol permeation was blocked was
far better than the 2% recovery rate in the absence of
glycerol. I+t was suggested that the ability of a cell to
survive freezing may depend more on protection of the cell
surface than on protection of the cell interior. Perhaps the
cell interior is protected by the high concentrations of
macromolecules normally within it (Sherman, 19633 Pickett et
al., 1984).

Meryman e+ al., (1977) obhserved that glycercl offered
cryoprotection partly on the colligative basis by reducing
further the amount of intracellular ice. It was Ffurther
obecerved that the protection could be kinetically mediated
through increase in the time taken #for water to leave the
cell. This was found toc be in recsponse to a decreased vapour
pressure of adjacent ice, by inrrepasing viscosity of extra -
and intracellular =olutions. It is the surface membrane that
prevents ice from nucleating in cells at temperatures above -
10 to -20°C. The permeability of the membrane to water is
also the chief determinant of whether celle will equilibrate
by dehydration or by intracellular freezing at lower tempera-
tures. Furthermore, cells that are injured either by solut-

ion effecte or by intracellular freezing undergo damage to



surface and internal membranes. The damage from the
"splution effects"™ can be reduced by the use of certain
additives that appear to act at the cell surface such as

dextran and polyethylene glycol.

4 Diluent and Dilution

The requirements which should be met in providing a
suitable environment for spermatozoa have been described by
Foote (1972), Among those factors important for diluents
used in deep freezing are osmotic pressure, pH, energy
source, bacterial contrpol, exclusion of toxic products,
dilution effect, gaceous environment, protection of sperm
from cald shoclk and freezing injury. The post-thawing
recovery rate has been used as the main assessment criterion

in judging the suitability of the diluting media.

1.2.1 Diluent Composition, pH and Osmotic Pressure

Many diluente previously used Ffor liquid and Ffrozen
storage of ram semen were adapted from bull semen extenderes
(Salamon and Robinson, 19623 Sorensen, 1979). Dne extender
was made utilising egg vyolk—-glucose citrate and heated cow
milk by Salamon and Robinson (1962). However, Nagase and
Niwa (1953} developed the most common extender for ram semen
which consisted of egg yolk (25%), lactose (71.5%), and
glycerol (Z.5%). Diluents containing tris (hydroxy-methyl
aminomethane) as a main component were initially used for
frozen storage of bull (Davis et al., 195%3 Yassen and
Foote, 19&4; Hahn et al., 1946%9) and boar semen (Rohloff,
19673 Groove et al., 19683 Salamon, 197%; Osinowo,1975).

The use of the tris-bacsed diluent was later adopted for
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pellet freezing of ram spermatcozca by Samouilidis (1970)
and Salamon and Visser [1972),

According o Salamon and Vieser (1972) ram spermatozna
can tolerate a re=latively wide range of tris concentrations
in the freezing diluent. They discovered that the type of
sugar included in the tris diluent was important and that the
performance epf this diluent was influsnced by the composition
used for thawing the frozen semen. Steinbach (19487) examined
triz concentrations ranging from 150-350 mM for freezing bull
spermatozoa. It wma=s observed that 200 mM wazs the optimum
concentration in the tris—fructoce egg vyolk diluent, adjus-
ted to pH 4.5. Tris at 3I50 mM concentration in the extender
mae uncuitahle for freezing bull spermatozoa. Salamon and
Vigser (1972) reported that ram spermatozoa tolerated a
relatively wider range of trics molarities. The most accept-
able rate of cell survival following freeze-thaw procedure
were observed in the range of 250 teoc 400 mM tris concentrat-
ions in diluent adjusted to pH 7.0.

The effects of diluent pH and osmotic pressure on
survival and metabolism of spermatozoa during liquid and
frozen storage have been studied most extensively in the bull
than in other species (Johnson et al., 19563 Cragle and
Salisbury, 1959; Steinbach and Foote, 1947). Most of these
investigators indicated that pH and osmotic pressure inter-—
acted, and that thics relationship wacs further complicated by
interactions with other factores such as glycerol and cation
concentration of the diluent. Johnson et al. (195&) did
not find any significant difference in the survival of bull
spermatozoa when diluent with freezing point depression (FPD)
of -0.50°C or -0.70'C and pH of &.2, &£.5 or 7.0 were used for
liquid starage of hovine semen. On the other hand, Cragle

and Salisbury (1959) reportad that a diluent with low pH and
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high potassium concentration KRS inhibitory to the
metabolism of bull =permotozoa during liquid ctorage. In a
systematic investigation be Gteinbacrh and Foote (1%47) bull
semen was oxtended and deep froren in egg yolk—¥ructoce
extender buffered with Five concentrations of teis (0,15,
0.20, H.30 ond 0.3% M) adjusted to four pH lavels (4.0, &.5,
7.0, 7.5} and containing two levels of glycerol (4.8 and
B.8%). The FPDs of the non-glycerel  fraction of the extren—
ders ranged from —0.958*C to -0,.955"C. It was observed that
the post-thawing motility of the spermatozroa was signific-—
antly affected by the tris molarity, pH and glycerol levels
within the ranges examined. Yhe investigators +Found an
interaction between pH4 and osmotic pressure, with the higher
pH levels tanding to he detrimental at the low tris concent-
rationg, and the lower pH levels showing a similar tendency
at the higher tris concentrations. This relationship was
further complicated by a significant second order interaction
involving the +tris molarity, pH and glyceral levels. The
best oversll] result was obtained with an exvtender adjusted to
pH 6.5 and containing .20 M trig, &.47% glycerol, with a FFD
of =0.62°C in the non—glycerol portion.

A similar study was carried out by Fiser et al. (1984)
o ram spermatozoa  frozen in skim-milk diluent. It was
rheerved that spermatoxoca motility improved with incraasing
osmolarity of the freszing solution. Diluents of 600 and 750
mDeEm resulted in the highest motility, immediately after
thawing. Inclusion of sugars in tris diluent was found to be
beneficial to spermatozoa surviwval. Howaver, glucose proved
to be more suitable than fructose o raffinose. In esarlier
works, only fructose (55.% aM) was included in trie extender
in bull (Steinbach and Foote, 19487) and ram (Samonilidis,

1970 semen. It became evident that the amount of glucose
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required in hypertonic tris extenders was relatively
emall (27.75 mM). Higher sugar concentrations had some
depressing effect on the survival of spermatozoa following
the freeze-thaw process (Salamon and Visser, 1972). However,
in hypotonic tris media (150 mM), increasing sugar concent-
rations improved sperm cell recovery.

Recent reports have emphasized the importance of hyper-
tonic conditions on the wviability of several mammalian
somatic cell types (Bolognani et 3l., 19763 Dzl Pra et
al., 1978; Griffith, 1978: oand Tenchini e+ al., 1980).
The tolerance of spermatozoa to hypertonic conditions is not
unique. Human red blood cells in culture, and Chinese
hamster ovary cells (Griffith, 1978) exhibit relative tole-
rance to hypertonic splutions. Human embryonic epithelial
cells exhibited improved survival rate, after freezing in
hypertonic medium (Tenchini et 2l., 1980). The cells were
found to be well adapted to the medium and could infact be
conditioned to survive higher hypertonicity after initial
exposure to moderate/lower hypertonic medium (Bolognani et
al., 19763 Dal Pra et al., 1978). The best post-thawing
motility of ram spermatoroa was ocbhserved in hypertonic
diluents which ranged in osmolarity from &00 mDsm/kg to 750
mDsm/kg (Fiser et al., 1984).

Induced resistance to hypertonicity may give added
protection against "solution effects" as the suspension of
cspermatozoa begins to freeze. Hyperosmotic diluents will
alsoc result in partial removal of freezable water from sperm
even before freezing and so reduce the volume of potential

intracellular ice formed during freeczing.
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1.2.2 Dilution of =amen

Factore which influence semen dilution inciude holding
time from collection wntil dilution, dilution tempe-rature,
dilution method and rate of dilution. Considerable variation
exists bhetween the practices adopted by different
investigataors for the dilution of ram szmen. HNo theoretical
basis has vyet besn established regarding the holcding of
freshly collected semen for a pertod of time before dilution,
though it hag been used by a number of investigators (Grabham
et al., 1971; Wilmut and Polge, 1972; Pursel and Johnson,
19747 . '

Jones and Holt (1974)  phserved that epididymal plasma
had a slight initial stimulatory effect on motility of ram
and bull szperm, but it had neo effect on sperm suervival.,
Seminal plasma on the other hand had marked initial stimul a-
tory effect on motility of ram spormatozoa, hut was found to
be detrimental to surviwval dwring storage. Even 3 15-minute
axposure to the fluid reduced sperm survival rate.

Hplding time before dilution could adversely affect tho
survival of ram spermatozoa. Ther2 was & claim by Braham and
Crabo (1972} that holding boar spermatozeoa in its own seminal
plasma might result in a protein cost that was protective.
The bplding time that has been used during processing of boar
semen for deep freezing ranges from 35 minutes (Wilmut and
Polge, 1972) Yo 2 hours (Johoson e% z)., 19783 Pursel and
Johnsan, 1974). BReyond 2 h holding time, sarvival was sigri-
ficantly depressed. Acrording to Osinowo (197%), holding
boar semen Ffor a length of time after collection befors
dilution had np beneficial effect on post-thawing survival
following deep frescing. The same could apply to ram

spermatoxpa,
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Dilution temperature varies betwean workers but
three approaches seem predomipant. These are, dilution at
near body temperaturse (ID-3Z7°L), at room temperature (14 -
24*C) or at S°0. Dilution at 30-27"C iz most commonly used.
PBilution at 5*°€ in most caces involves o 2—stap dilution, the
first being a2t 2 higher temperature (R0-Z7"C). The dilution
temperature which have been most coamonly used in various
reports is O' (Balamon, 1968 Salamon, 19703 Salamon and
Visser, 19723 Visser and Balamon, 1%73; Colas, 17753 Fiser
et al., 1981). Dilution methods +for ram czemen are either
one-step or two-step. The one—-step dilution involwves slow
addition of the glycerclated diluent to the semen, followed
by gentle mixing (8alamon, 1248}, It the case of two~step
dilution, the semen is initially dilutad containing no
cryoprotective compound. The other fraction with cryoprotec-—-
tive agent is added after cooling the Ffirst fraction te 5°
tSalamon, 194683 Colas, 1975). Multi-step dilution i= another
method carried out by adding three or more equal portions of
glyceralated diluents at certain time intervals (Colas,
1973Y. Dilution is carried out either on a volume par volume
basis of semen and diluent, or alternatively to a fixed cell
concentration. In a systematic study of the effect of
dilution rFate on the survival of ram spermato2oa, Salamen
{1958 found a highly significant interactiorn betwean type of
diluent and dilution rate.

Fresh semen may be diluted to a fived cell concentration
fHess ot 21., 1950 or the seminal plasma may he remaved by
centrifugation and the spermato-os resucspended with diluent
tn a fined cell concontration or to the original volume (Vis—
ser and Salamon, 1972). In the two-step dilution of =emen,
valume to veolume dilution may be carried out at the first
step, while the concentration of spermatozoa is  taken inta

account at the second stage of the dilution (Salamon, 19468).
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rate when spermatozoa were equilibrated for more than

5 h. But First et al. (1959) and Hill et al. (19&69)
nheerved no differences after equilibration for 0.5, 1 or 18
h. Balamon (194B) equilibrated ram spermatozoza at S°C for
2.5 h before ¥freezing and reported an increase both in
motility and percentage of motile spermatoroa. The effect
was more beneficial when glycernl was added after cooling to
5ttC. However, in another observaticn by Salamon (1970),
equilibration for 1-4 h prior to freezing gave similar survi-
val rates. Colas (1975) obtained slightly better result
after equilibration for 2.5 h which suggests that glycerol
penetration into the ram spermatoroa is not as rapid as has
been shown in the bull (Berndtson and Foote, 1972), or boar
(Wilmut et al., 1973). By contrast, Lightfoot and Salamon
(1949h) found that there was no significant advantage in
equilibration longer than 1 h when pelleting cemen on dry

ice.

1.4 Methods nof Deep Freezing Semen

Spermatoroa are generally deep—frozen in straws, ampoules
or in pellets., The methods used for pellet freezing could be
classified into two:

1. Pellet freezing on dry—-ice (Magase and MNiwa, 195643 Salamon
and Lightfoot, 19693 Salamon, 1970).

2. Pellet ¥freezing in Yiquid nitrogen vapour or directly in
liquid nitrogen (Salamon, 1970).

Generally the frozen semen ic stored in liquid nitrogen
irrespective of method of freezing. The successful develop-
ment of pellet freezing on dry-ice, and its relative simpli-

city, probably have rendered it more suitable than the other
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methods. However, for international trade in frozen
semen, straws are preferred. Pellet freezing which ics the
most commonly used method, eliminates the need for & pack-
aging container and 1liquid nitrogen wvapour during freezing.
The technique allows freezing of concentratad semen sample in
small volumes, Survival and fertility of ram spermatonzoa
following freezing by the pellet method on dry ice (Nagase
and Niwa, 1944) have heen examined in a number of studies
(reviewed by Salamon and Lightfoot, 1969, 1970). Ealamon
(1970) reported on the survival of ram spermatozoa after
freezing in pellet form at various temperatures below -79°C.
Infact the result was very encouraging after freezing on
stainless steel plate conled to between -12 and -14°"C. The
survival of ram spearmatozoa following pellet freezing on
stainless steel plate at 12 and -100 to -1&60°C were not
significantly different from freezing on dry ice at -79°C.
Notwithstanding the possibility aof very rapid freecing of ram
semen at the indicated temperature, pelleting on dry ice

(-79°C) at the present stage seems more advantageous due to
itse simplicity and resultant consistent survival rates.
Although various freezing temperatures on the metal plate and
on dry ice were not directly compared, it is noteworthy that
spermatozoa tolerated the low temperatures at freezing range
of =-79°C to —-1BO°C on dry ice better than on the metal plate.
Freezing in synthatic straws which has bren reportsd to give
good results with bull semen (Cassou, 1988; Macpherson and
King, 1944} was lecs effoctive with ram semen (Salamon,
1968). However, frezring of straw- in liquid nitrogen vapour
was superior to freezing of straws on dry ice. Freezing in
ampoules at a =low rate offers good results for ram spermato-—
roa. However, recovery wac poor when ampoules were plunged

into a dry ice—-alcohol bath at -~79°C and only a few
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spermatozoa were motile after dropping extended csemen
directly inteo liguid nitrogern {Balamon, 1970).

Lightfoot and Ealamon {12?49h) ohserved that the rate of
conling within the semen droplet placed inte the cavity of
dry ice iz not uniform, but the difference in cooling rate
threughout the peliet became less apparent with decrease in
freszing teamperature. It i= possible that wariation in
copling rate within the pellet rcould have some biblogical
effect on the cell. NMovertheles=s, droplet volumes of (0.0X
and 0.7 m@ml, with different surface-to—solume ratios gave
similar results wheﬁ frozen. Trere was no interaction
between volume and temperature of pelleting.

Cooling velercity affects the physical-chemical events in
cells during freezing. I¥Y 3lcsa affects cell survival rate.
The relatianchipg between coocling velocity and survival is
that maximum swrvival occure at an optimum freezing rate.
Howaver , the specific value of the optimum freezxing rate for
different cell types variss over a wide range, ¥ram
1.8"C/minute for marrow stem cells to about 3000"C/minute for
the human erythrocyte (Mazur, 1970).

| Thers ras bpen a tendency among Investigators to
consider freezing as a single strese. But the epristence of
an optimum temperature refutes this view, for it indicates
that survival iz  affected by at lezst two opposing factors
dependent on cooling wvelocity. It iz 3 widely accepted
practice to conl cells at  1"C/minute. SBmith (19461) deter-
mined thic coeling rate te be the optimum  for bull sperma-
tozaa. It 3l=sn vyields high survival rate for other cells
(Polge and lLovelock, 19525 Smith, 19&41; Meryman, 1924656).

The suggestion has been made that an optimum conling
rate arises because of the interaction of the two classes of

freering events - dehydration and intracellular ice formation



Mazur, 1980; Pickett »t 3J., 1984), Arcording to this
suggestion, solution effects are responsible for injury when
cooling is slower than optimal! and intracellular freezing is
responsible for injury when cooling is faster than optimal.
The optimum rate, then, is a rate that is slow enough to
prevent productior of intracellular ice and yet is rapid
enough to minimize the length of time cells are exposed to
solution sffects.

There iz evidently a2 connection between intracellular
ice formation and the ¥freezing rate on cne hand and cell
death on the aother (Farrant and Woolger, 1972; Leibo et al
1978). The extent to which intracellular freezing is lethal
toc cells depends, first on the amount of ice formed and
secondly, on the size of the ice crystals (Whittingham =¢
al., 19793 Mazur, 1980; Picket et al., 1984). Rapid
freezing rates produce small intracellular ice crystals which

are not damaging to the cell.

1.5 Thawing and Thawing Solutions

An important factor azsociated with the thawing process
ie the thawing rate. The thawing rate depends on physical
factors such as the thawing temperature, thermal conductivity
of the container, use of thawing solution, <ize or schape of
the frozen samplez and the concentration of spermatozpa. In
addition, the properties and composition of the freezing
diluent and of the thawing solution may also he important.
it should be mentioned, however, that the physico-chemical
mechanisms involved during thawing of deep frozen mammalian
spermatozoa are not fully understoocd. Both the recovery rate
after thawing and the survival of spermatozna during post-

thawing incubation are important measures of cell viability
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(Saacke, 19872},

There are numerous reports bpn the effect of thawing
température on revival of spermatozoa after freezing, but
there is no agreement among investigators (Pickett gt al.,
19435y ., Salamon {(1968B) indicated that rapid thawing o
regquired in order to pbtain maximum recovery of spermatozoa
after fast-¥frepczing. Many ctudips, espocially with bull
sgmen, have clearly shown tnat injury to the sperm is lags
when semen is  thawed rapidly  [(Aamdal and fAnderson, 19683
Rajamanan and Graham, 192&4B; Robbhins et 2l., 1972; Alequist
and Wiggins, 19733 Meryman, 1974; Ennen et al., 19763 Fiser
et al., 1984).

Salamon (1969 reported that temperature of thawing had
a marked effect on recovery of frozen ram spermatozaoa, the
hect venult heing obtained with thawing at 20 and 40D and
the poorest at I1S*C. In the ram, Lolas {1979 observed that
recavery rate was lower Ffollowing thawing at 25'C than at
Ig°C or SO'C. Generally, uzing higher temperatures and short
thawing pericds result in hetter sperm recovery.

Slow thawing rate has depressing effect on post—-thawing
.recovery rate for samples frozen in ligquid mitrogen. Salamon
st al., 11977} reported that thawing pellets of frozen boar
semen at 3I7'C was superior to thawing at a2 lower temperatura,
and further increaze of the thawing temperature te 50'C or
£0*C was only slightly advantageous. Salamon (1970) pbserved
that thawing frozen ram semen at 37 and 45"C yielded cimilar
rescl s, Howesver, significant interacticon was reported
between thawing tempoerature and dilution rate a3t thawing.

Salambn (1970 phserved that pellets prepared under a
wide range of freeszing condition showed c=cimilar recnrverg
after thawing at & rate of 1:3 (pellet:thawing solution, v/v)

at either I7 or 45°C. However, the same author ohserved that



*hawing frozen pellets in thawing salution at 3I7°C at the
rate of 1:2 (pellatrthswing solution, v/v) gave good resulis

Ingreasing the pre-freezing dilution of =semen which
increases the volume of thawved semen compensated only partly
for the berefit gained by using a thawing medium {(Lightfoot
and Salamon, 1948%a), Concomitant examination of both free-
zing and thawing mediz revealed that & relationship exists
between their compositions (Lightfoot 2rd Salamon1989).
Further svidernce rconcsrFning such & relationship indicated
that variation in the constituents of the {freering diluent
could reqguire a change in the campgsition of the thawing
gsolution in order +tao obtain maximum cell recovery. A
appropriate thawing splution may offer comse Yind of “repai-
ring"” action, esperially o spermatorca which are not leth-
ally injured during freszing in thes abksence of cryoprotect-
ant. Surh effpct could be additive to the protection given
by a cryoprotectant.

The choice of thawing solutiorn was less critical in
tris-based diluent when Qlucose was present  than when fruc-
Yonse o raffinnsEe was combined with the tris  {(Salamon and
Visssr, 1772). Howaver, when optimum btric concentraticn of
IN0D oM wazs comhined with glwrocse, fructose o lactose in the
fresezing diluent, spermatoroa recovery rate was improved by
thawing in zolutions consisting of inositol citrate or of 250
to 00 aM trics combined with citrate, glucose or fructose
(Lightfoet and Salamon, 1P4%h;  Salamon and ®randon, 1971),
This indicates that a sclution which acts bensficially at
thawing i= not necessary the optimal mediue for maintaining

the viability of sperm cells.,
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1.4 PFost-thawing Survival of Spermatozoa

- Sperm wviability mescured before, during and after
stnragé has hkeen the kacsis for development of methods of
semen precervation in  the research laboratory. For artifi-
rial ireemination, sparm viahility bRecomes a measure of man’s
interaction with the semen. Man's effeciency in developing
successtul metheodes of semen precervaticon is therefore contin-
gent upon  the relationship of tests nf semen gquality to
fertility {(Saachke, 1982h). In the case of fresh ram semen,
an pstimation of motility or the percentage of motile cells
after dilution gives &8 good idez of its Ffertility. After
frepring, the relationship hetwsen the fertilizing ability
and in wvitro semen characteristics is more difficult ta
establish. |

Different in vitro fests to predict the ¥fertility of
frozen ram semen have been progposed. The most coammon is the
recavery rate immediately after thawing. But this has been
found to be imprecice, at least for certzin diluents, as it
dor= not take intn arcount  the curvival ability of the cells
which iz known ta be reduced after freeciog. When only the
recovery rate is used, the assasement can be mislsading, =s
the survival of the spermatozoa during subsequent In witro
itncubation may ke poor, dospite gecd initial post-thawing
mokility (Martin, 1245). Burvival rate during post-thawing
inrcubation theorcfarn zZeemse ¥0 be 2 bottor  criterion for
Judging the funstional integrity of spermatozca atter free-~
zirg. Though schjective, post—thawing metility in conjunce-
ion with deteraination of -~ - 3l intggrity is widely used.

Resultz have boen contradictory on the value of incubat-
ion of frozen semen at IS5 te 37T, post-thawing, prior to

evaluation. Dne report revealed that semen evaluation after



incubation for 2 to 4 h post-thaw is more clocsely related
to fertility than wviability measured immediately after
thawing (Saacke and White, 1982). Other workers observed
that viabhility measured immediately post-thaw is equally or
more clesely correlated with fertility than that measured
after incubation (Parce, 1980; Saacke et 2!1., 1980; Pace
et al., 1981}, Salamon (1972) incubated thawed semen at
3I7°C for & h and assecssed the post-thawing survival by moti-
lity after pvery 2 h of incubation. Colas and Courot (1979
chserved a significant correlation (r = 0.4&4) boatwueen
survival and post-thawing motility of spermatozoa at 0 and 1}
hour incubation at 3I8°C. Basically, evaluation of csemen
after incubation at or noar body temperature following
preservation by freesrzing appears raticnal, because spermato-
zoa must maintain viahility at that temperature for some time
in the female genitalia, However, in vitro incubation in
preservation medium i= probably diffsroant from that encounte-
red by sperm in vitre where they herome surrounded hy the
fluid=s and conditions of the female genitsl track. Wright
and Bondieli (1981) chowed that spermatozoa, when incubated
in vitre, achisved higher in vitro oocyte penstration than
did spermatoroa incubated in vitro. The use of more than
cne measure nof viahility to pvaluate pethode of cemen proser-
vation appear=s o be decirable. But, cince motility is
highly regarded as an important characterictic of fertile
cpermatozna it ic most often used. However, sperm trancport
in the female genitzlia and penetration of the ovum are only
partially dependent upon motility (Overstreset and ¥atz, 1977;

Overztreet et 31., 1978: Katz and Dvercstreet, 1980).
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1.7 Morphbological Changes

The morphology of mammalian spermatnzoa has been
deecribed by fiustin and Pichop (1958) and Saacke and Marshall
(1958). Spermatazoa can be damaged during 211 the stagee of
dilution, cooling, freezing and thawing, resulting in morpho-
lagical changes. These result in a cummulative acrosomal
damage af about 40%Z, detected by light microscopy and about
70%, detected hy electron microscopy (Tasseron et al.,
1977). The higher percentage of damage detected by slectron
microscopy after freezing and thawing consisted mzinly of
moderate bubbling and swuelling of the acrosome. The acrosome
receives more attenticn in morphologicral cstudies of sperma-
toroa, probably because it exhibits the most visible changes.
Freezing causee profound change= in the acrosome morphelogy
of ram (Duinn ot 2f., 19493 Tasseron et al., 1977), bull
(Somade et al., 1974) and boar spermatoros {Kunze et al.,
127%). Cranges in the structure of the middle-piece and tail
of spermatozoa have heen studied %o a lesser extent. Elect-
ron microscopy has revealed that cold-shock and Ffreezing
cause rhange= in the appearance of the acrospomes of ram
spermatozoa. In addition, structural changes in the middle
piece, particularly in the matriy of the mitochondrial
sheath, were observed (Quinn et al., 1969).

Comparative studies have revealed that the spermatozoa
of the bull, ram and boar differ in their resistance to
frepezing injury. Watson and Martin (1972) reported that the
acrosome appeared to be more severely damaged in ram than in
bull spermatozeca. Healey (1959) observed that both boar and
ram spermatozna were more severely damaged by freezing than
bull and =stallion spermatozoa. An investigation by Jones

(1973a) showed that the plasma membhrane of bul) spermatozoa



was more resistant to breakage than that of the boar or
ram, when stressed by dilution and fiwvation. The author
suggested that this could k= the reason why bull spermatozeoa
are more resistant to damage. According to Jopes and Martin
(1979) there is a relationship between structure and function
of spermatozoa whick may be of use in evaluating semen
quality. However, Factors at the molecular level must also
be considererd since ultrastructural changes alorne do not
explain the reduced fertility due to processing and storage
of ram zemen. More informstion is required on the structure
of a spermatorocon which is capable of fertilizing an ovum.
1t has heen suggested that acrosome =w=slling may not prevent
the acrocsome reaction and fertilizaticon, and that much of the
plasma memhrane brealage observed occur during fivation. 1t
is also noteworthy that the susceptibility of spermatozoa to
memhrane hrealage during Ffivation varies between males, and
within and between species (Jones, 1975).

The proportion of spermatozos with normal  acrocome
following deep freszing could be influenced by a variety of
factors acsoriated with semen processing. Such factors
include diluent type, dilution, conling and equilibration,
freezing and thawing (Tasseron et al., 1977). Visser and
Salamon (1974} ohserved that the mean percentage of boar
spermatozeca with normal acrosome after freezing, thawing and
incubation were higher for this than for glucose diluent. It
was generally accepted that post-thawing incubation at 3I0*C
for & h caused marked increaze in the proportion of sperma-
tozoa with sovere damage. Wiggins and Almguist (1974) inves-
tigated the effects of equilibration time and thawing rate on
the acrosomal damage of bull spermatozoa. The mean percent-—
age of cpermatozoa with normal acrosome increased Ffor each

increase in thawing rate. There was an interaction betwean



thawing rate and esquilibration time. The shorter the
equilibration time in association with rapid thawing the
higher the percentage of spermatozoa with normal acrosomes.
Tasseron et al. (1977} investigated the acrosome damage of
ram spermatozoa during dilution, conling nd freezing, and
reported that about S0% of the damaged spermatozoa were due
te dilution and coocling alone. They suggested that by
improving the diluent (raffinose-sodium citrate-egg yolk -S%
glycerol) the damage could bz r=aduced.

Swelling of the acrosome was mainly caused by cooling
spermatozoa ta 5°C (Jones and Martin, 1973). It was further
ohserved that acrosomes and mid-pieces were affocted hy
cooling to 5°C and storage at this temperature for up to 72
h. The acrosomal changes invelved =welling and vacuolation
of outer acrosomal membrane with rondensation of mid-piece in
a small proportion of spermatoroa Freering and thawing of
spermatozoa caused disruption of the acrosome and damage +o
the middle piece. Consequently, any further Yoss in viabi-
lity attributed tc the processing of semen probably occurs
during the freezing and thawing process  (Jones and Stewart,
1979). Healey (1969) chowed that freering and thawing caused
qualitatively similar acrosomal damage ¢o boar, chinchila and
ram —permatoroax. A detailed discussion of the literature on
frenzing injury to mells and methods for its prevention have
been mada by Lindemann et al., (1987). I* is not clear
however, whether th= changes in the cell membrane are the
results of a selective ~ffoct of the freezing process on the
cell membrana alone or are, infact, 5 single manifestation of
generali=ad damage to the entire cell structure. Although it
iz possible to demonstrate that specific structures are
damaged when a given cell type is subjected to freering, it

ic usually not determined which cell organslles are left



unaffected after freezing and thawing (Lindermann et

al., 1982).

1.8 Binchemical Changes

The biochemical changes in spermatozoa induced by deep
freezing have been investigated by several workers, with the
aim of estaklishing a relationship with the lpss in fertili-
sing capacity. In these studies, greater emphacis has been
placed on the changes in enzyme activity and deoxyribonucleic
acid (DNA) content of spermatozoa. Tn addition, the phospho-
lipid and fatty acid components have been examined to some
extent. The coffect=s pf l1ow temperatures and freezing on
enzymes and enzyms systems in biological organisms have been
reviewed by Tappel (19456).

Extracellnlar en~yme activities are sometimes usad to
assess cell membrane damage during i vitro storage of
spermatozoa (Crabo e+ 7., 1970; PBower et 21., 1973;
Foulkes and Watson, 1975). Scme attempts have bteen made to
relate acrneomal enzymes= to capacitation (Austin, 1948;
Allison and Hartree, 1970; Rogors and Martin, 1973). Gene-
rally, ths pattern of enzyme release by mammalian cells is
complew {Schmidt and Schmaidt, 1974} and differencesz botween
pathnlogical and physinlegical release are not clear.

The lpes of intracellular ernczymes into extracellular
medium during freering of =Spermatpozoa was examined by Graham
et al. (1970). The activitiaz of glutamic oxaloacetic
transaminase (60T), lactic acid dehydrogenase (LDH), hyalu-
ronidase, acid and alkaline phaosphataszes in the extracellular
fluid of bull, boar, stallion and turkey semen increoased in
proportion to the sxtent of cellular damage after desp free-

zing (Graham et &by 1970; Prown et al., 1971).



According to Kurilov (1972) the extracellular activities
of glucose phosphate isomerase (GFI) and alkaline and acid
phosphatases in boar semen did not i1ncrease follawing deep
freezing, although aldolase increased more than 2-fold.
However , Osinowo (1981) abserved that significant amounts of
LDH and BFI in ram and bull semen were lost by spermatozoa as
a result of washing. The release of certain enzymes may
therefore be poorly correlated with cellular damage. White
(1972a, b) observed that cytoplasmic droplets in spermatozoa
contained enzymes which leaked 1nto the extracellular medium
during dilution, cooling or freezing. 0Osinowo (1981) specul-
ated that leakage of intracellular material during dilution
could be a mechanism to eliminate osmotic differences between
intracellular and extracellular fluids, in order to control
cell volume. 1t has also been observed that enzymes leaked
from washed spermatozoa under conditions which seemed to
preclude cellular damage. Crabo et ai. (1970) reported
that the dilution of semen caused a releass of GOT from
spermatozoa, although the amount released varied with the
types of buffer used. It was observed that higher glycerol
levels could cause increase in the loss of GOT (Bower et
al., 1973). Graham et al. (1970) proposed that the amount
of enzymes left in the cell, after all procedural manipula-
tions, could be important to the potential ¥fertilizing capa-
city of the spermatozoa. In a subsequent study however,
Crabo and Graham (1972) observed that the amount of B80T left
in boar spermatozoa after deep freezing, and the amount of
hyaluronidase released were poorly correlated with motility
or acrosome damage. This indicates that enzyme leakage assay
mightnot be a good criterion for assessing frozen spermatozoa
viability.

The DNA content of spermatozoa has been intensively



studied in liquid and frozen semen in relation to  the
loss of fertilizing capacity. Sharobaiko et al. (1974)
found that in wvitro storage of semen did not affect the
nucleotide composition of the DNA of live spermatozoa. An
investigation on the effect of freezing and thawing on the
stability of the double helix of DNA was carried out with no
structural changes detected following #freezing at tempera-
tures as low as ~192'C (Shikama, 19653 Hanada et al.,
1968). It was reported that storage of bull spermatozoa for
up to 15 days at 4°C, or for 100 days at -79°C, or X-irradia-
tion, followed by storage for up to B days, did not signific-—
antly alter the denaturation temperature of the DNA (Berch-
told et al., 1971). The stability of the DNA component
component of spermatozoa during in wvitro storage has been
further confirmed by Blackshaw and Salisbury (1972).

Although there was no loss of DNA from cold-shocked or
frozen ram spermatozoa during 30 minutes period, loss of DNA
occurred when the spermatozoa were 1i1ncubated for 6 h at 37°C
(Buinn et al., 19469). The longer incubation required to
demonstrate the DNA loss from ram spermatozoa may be due to
the action of deoxyribonucleases. A highly active DNase-1 is
present in ram seminal plasma. This enzyme passes into the
spermatozoa on freezing (Buinn, 196B). Degradation of DNA
into dialysable fragments occurs slowly in senescent ram
semen. But the process is accelerated 1§ the semen has been
cold-shocked or frozen (Buinn and White, 19&6%9a).

The different claims by investigators concerning the
stability of DNA content of spermatozoa during staorage can
partly be explained by the various methods and techniques of
DNA determination and analysis carried out (Bouters et al.,
1967; Hanada and Nagase, 1948; Blackshaw and Salisbury, 1972)

Relationship between the polyunsaturated and saturated
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fatty acid ratio of the phospholipides of spermatozoa  and
susceptinility teo cold-shock has been established (Poulpos
et al., 1973; Darin-Bennet e! al., 1974}, The rpole of
cholesteral in low temperature tolerance of other cells has
been obhserved (de Gier et al., 19468; Rottem et al., 1973}
and the ability of this lipid to promote close paciking of
phaospholipids, particularly those lipids with uwnsaturated
fatty acid chains (Benadetti and Emwmelotr, 1946B; Fhillips,
1972} is well recognized. The mean amount of cholesterol
found per 10% spermatozoa varied bhetweepn 2B0 to 560 g9
depending on the species. Ram spermatoroa hrad 279.0 £ 23.3
pg of cholaesterol /107 spermatozoa (Darlin-Bennet and White,
1977) while bull, rabbit and buman spermatozoa had higher
values. Vartation in the amount present in the diffarent
spacies iz not unusual, as significant guantitative diffe—
rences have been noted when comparing the steroid content of
membranous structures (Van Deenen, 126%). Ram and bull sperm
contain approximately halfd the amount of cholesterol present
in human and rabit spermatozoa. Hencitivity of spermatozoa
to cold-shack {(Walas and White, 193%) have bheen linked to the
polyunsaturated — saturated fatty acid ratio of their phos-
pholipids (Poulos et al., 1973). There appears to be a
correl ation between the structure of the spermatozoa membrane
which is strongly influenced by the ratio of cholesterol to
phosphpolipid, the ratio of polyunzaturated te saturated fatty
acide, and the subseguent ability of the membrane to with-—
stand strose such as cold-shock. The different interaction
of chiolesterol with saturated and unsaturated fatty acids is
well documented in model membrane systems (Chapman and
Walloch, 1968; Phillips, 1972; Hauser and Barratt, 1973;
Janson et al., 1973). Relatively large amount of saturated

fatty acide recults in a more rigid structure than is the



case with unsaturated acids {(Beneditti and Emmeliot,
1948). The nature of the fatty acids also affects the
ability of cholestarol to decrease membrane permeability
{Daniel et al,, 1968). The transition temperature of the
phospholipid is decreased as the level of unsaturation rises
and chain length decreases (Phillips, 1972). Thig might
explain why cholesterol, in combination with the more satur-
ated fatrty acids in the phophosiipids of the rabbit and husan
spermatozoa vield a membrane structure of intermediate flui-
dity that can withstand greater pnvironmental stress such as

freezing.

1.9 Fertility of Deep Frozen Ram Spermatozoa

Insemination methods invelving cervical bypass resul ted
in conciderably higher Ffertilization rate than did cervical
insemination (Bustafsson, 1974). Loginova and Zeltobryiuh
(19687 showed that insemination of frozen—thawed semen in the
oviducts gave B8BZL fertilization compared to oniy 12X obtained
at cervical insemination. A study conducted by Mattnper et
al. (1969} very clearly demonstrated the same phenomenon.
Frozen—-thawed semen yielded the same number of fertilized ova
ag did fresh csemen by intra—-uterine insemination wvia a sur-
- gical incision. Furthermore, the results obtained by Mattner
et al. (194%) indicated that with intra-uterine incemi-—
nation, the fertilization rate is comparable to natural
mating even with an insemination dose containing anly 30 x
10 motile mperm of frozen ram semen and 3 x  10% of fresh
Fam sSemen. A comprehensive study by Lightfoot and Salamon
{1970) which compared cervical and intra-uterine inseminat-
ions demonstrated that inseminating frozen semen into the

uterus via a swgical incision gave about 0L fertilization



rate compared to about 45%Z when inseminated into the
posterior cervix. BSimilar results were obtained by Anderson
et al., 1973)3 Fukui and Roberts, 1976 and Braham et al.,
1978) . However , Anderson et al. (1973) deposited the
semen intrao-uterine by psassing the catheter through the
cervix and obtained s conception rate of 89%L compared to 4B%
by cervical deposition.

Killeen and Caffroey (1982) deccribed a technique for
intra-uterine insemination in ewes by laparoscopy. Prelimi-
nary results by the technique indicated that high levels of
egg fert: ization could be obtained in ewes following intra-
uterine insemination with fresh or frozen-thawed semen. More
recently Maxwell et al. (1984) reported an increase in
fertilization and pregnancy rates with time of i1nsemination,
using intra-uterine insemination of frozen—thawed ram semen
with the aid of laparoscopy. They observed that fertiliz-
ation and pregnancy rates +following intra-uterine insemi-
nation with frozen ram semen 60 h after sponge removal were
not statistically different from the fresh semen when cervic-
ally inseminated as control. Furthermore, the intra-uterine
insemination technique is more efficient than cervical inse-
mination because of the relatively small dose of semen needed
(G.02 ml, containing 20 % 10% gpermatozoal. The intra-
uterine insemination technique is technically a very diffi-
cult and time-consuming procedure. The earlier techniques
(Lightfoot and Salamon, 1970a, b; Anderson et al., 1973;
and Fukui and Roberts, 1974) have not proved very successful
as they have relied either on deposition of semen in the
uterine haorns after laparotomy or a forceful entry to the
uterus throuah the cervix (Maxwell et al., 1984). Another
method to overcome the cervical barrier for easy sperm tran-

sport is the use of hormones. Substances such as oxytocin



(Bedford, 1972), relaxin (Salamon and Lightfoot, 1970),
and prostaglandin (Byagdeman and Holmberg, 19466; Edqgvist et
al., 19753 Bustafsson et al., 1977) have been tried either
on the ewe or incorporated in the semen diluent. Only pros—
taglandin showed some promise in improving the sperm tran-
sport in the female genital tract (Gustafsson, 1978).

Reports on embryo laosses due to insemination with frozen
ram semen are conflicting. ficcording to Anderson et al.,
(1973) the non-surgical intra-uterine technique did not
result in high 1ncidence of early embryonic loss. But
Maxwell et al. (1984) observed that there was considerable
embryonic loss between 2-3 and 100 days after insemination.
The embryonic survival rate was higher for inseminations at
48 and 60 h than at 24 and 35h after sponge removal (36/43 v
2/31).

This indicates that the survival rates of embryos were
lower when inseminations were performed too early. However,
according to Edey (197%9), embryonic loss in sheep is relati-
vely high even after natural mating. The situation may be
further aggravated after insemination with spermatozoa sub-
jected to frozen storage and/or ageing (Salisbury et al.,

1976).
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2. EVALUATION COF SOME CRYOPROTECTIVE COMPOUNDS FOR
DEEFP FREEZING RAM SPERMATOZONA IN TRIS DILUENY
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ABSTRACT

Six experiments were conducted to investigate the
optimum concentration of six cryoprotective compounds and the
most appropriate dilution rate for deep frozen storage of ram
spermatozoa in Tris diluent.

Glycerol, erythritol, DMED, acetamide, ethylene glycol
and polyethylene glycol-600 were found to bhave highly
significant (P < 0.001) effect on post-thawing survival of
ram spermatozoa. However, glycerol, erythritol and ethylene
glycol offered more cryoprotection to the spermatozoa. The
optimum concentration of these agent was O.5 M, while the
best dilution rate was 1:4 (semen:diluent, v/vi.

Among the cryoprotective compounds used, glycerol was
found to be superior to others which is in agreement with
previous findings (Platov, 19653 Salamon, 19468). Presumably,
the superiority of glycerol over the other compounds could be
due to its nature of being a normal intermediary product of
lipid metabolism in mammals. Erythritol though not routinely
used as cryoprotective agents in freezing ram spermatozoa
offered cryoprotection as good as glycerol. This observation
was similar to the findings of Wilmut and Polge (1973) and

Dsinowo (1975) who worked on boar spermatozoa.
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2.1 INTRODUCTION

The discovery by Polge et af. (1249} that glycerol
minimized the harmful effects of deep freezing on spermatozoa
opened the sra gf deep frozen storage of semen. 5S5ince then,
several other compeounds have been uss=d as cryoprotective
agents in deep frozen storage of spermatozoa and other cells
and tissues of wvarious species (Graham and Crabo, 1972y
Salamon, 1980:; Jeyverdran and Graham, 1980; Hanadsa and Nagase,
1980; Harvey, 1983). |

A varisty of compounds including erythritol, adonitol,
acetamide, dimethy]l sulphoxide (DMS0O) and polywvinyl pyrroli-
done (PYP) have heen recognized for their ability to protect
red hlood c=11ls, rells in tissue culture, ova, and spermato-
zoa of species other than farm animals during deep freezing.
The degree of cryoprotection by these compounds has been
found to vary considerably from one type of cell to another,
as well as between similar types of cells from different
species. Some investigations have therefore been carried aut
in search of compounds which could give better protection
than oglycerol during deep freezing of ram sSpermatozoa
(Platov, 19465: Salamon, 19&68). Of the compounds tested, only
ethylene glycol gave satisfactory recovery rates aftter deep
freezing of ram spermatozoa, similar to that by glycerol.
bDther compounds gsuch as DMSD which is routinely used as
cryoprotectant agent For deep Ffreszing of red blood cells
proved to be toxic to ram spermatozoa (Platov, 194653 Salamon,
19468).

The experiments in this section are aimed at screening
some compounds for possible cryoprotective action during deep
freezing of ram spermatozoa in Tris diiuent. The compound 50

screened were glycerol, DMS50O, ethylene glycol, acetamide,
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erythritol and polyethylene glycol-5600. Their optimum
concentrations for cryoprotection were also determined, as
well as the optimum dilution rate +for deep freezing ram

spermatozoa Tris diluent.

2.2 HATERIALS AND METHODS

Z2.2.1 Samen Collectioaon

Semen was collected by artificial wvagina from six
Yankasa rams. The sjaculates were pooled after checking for
good initial motility. The sperm concentration of the pooled
semen was than determined by photoelectric method wusing a
spectraophotometer (Hodel -400, Beckman) at &80 nm wava

length.

2.2.2 Semen Processing

biluent The Tris diluent used had the following composi-—~
tion: 00 mM Tris (hydroxymethyl aminomethane), 94.7 mM
citric acid, Z7.70 oM glucose, 154X (viv) $resh egg yolk, 1G00
IV per o1 penicillin 6 and 1 mg per ml streptomycin sulphate.
The diluent was prepered in double-glass distilled water
without warming {(Appendix 1). Biluents were either uszsed soon
after preparation or were stored at S5°C at doublie concent-
ration for use within 24 h. Fresh egg yolk was added to the

diluent on the day of each experiment.

Eryoprotective agents ' The cryoprotectants used were glyce—

rol, eryvthritol, ethylene glycol, acetamide, dimethyl sulph-
oxide and polythylene glycol, at 4.0, 0.5, 1.0 and 1.5 M

concentrations.
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Dilution and cooling The semen samples were oiluted

with the appropriate diluent in test tubes placed in a water
bath at 30°L. The dilution rates used in the esnperiments
were 1:3, 1:5, and 1:7 {semen:diluent, v/v). After dilution
at 30°C, the extended =semen samples in the test tubes=s were
pglaced in a beaker containing small quantity of water at 30°C
to cover the level of the extended semen in the test tubes.
The beaker was placed in the refrigerator to cool from 30°C
to 3*C in aboutr 2 h, covered with filter paper to prevent

water from dropping into the samples.

Freezing and storage: 8n cooling to 5°C the extended semen

was frozen on dry~ice in pellet form {(Nagase and Miwa, 1%44).
Three drops of semen were placed by FPastew pipette into
small indentations made on blocks of dry ice allowed to
freeze into pellets. The pellet volume was G.0%9 ml. After
the =emen was completely frozen, the pellets were transferred
into marked pre-cooled test tubes in liguid nitrogen for

storage at —~1946°C for at least 4B h before evaluation.

Thawing, incubation and motility ascessment: A minimum of

three pellets per sample were thawed in coded dry test tubes
in a water bath at 3I7*C. The test tubes were shaken gently
until the semen was completely thawed. The samples were
randomly presented for estimation of motility. Post-thawing
incubation was at I7°C For & h. _

The percentage of motile cells in each sample of thawed
semen was assessed under coverslip wsing a phase—contrast
microscope equipped with a warm stage kept at 37°C. The
motility assessments were carried out ismediately after
thawing at O h, and at 2, 4 and & h of post—thawing incuba-

tion. In all experiments three replicates were used and



examination of the spermatozoa was carriad oot at 400x

magnification.

2.2.% Experimental Decign

Six factorial experimente wore conducted to investigate
the optiomum concentration of six cryoprotective compounds and
the most approprisate dilution rate for deep frozen storage of
ram spermatozoa (Appendix 3.

Experiment 1 examined the effects of glycercl concent—
ration (0.0, G.5, 1.0 and 1.5 ™M) and dilution rate (1:3, 1:5
and 1:7, semen:diluent, v/v) on post—-thawing survival of deep
frozen ran spermatozoa.

Experiment 2 examined the efferts of dimethyl sulphoxide
(DMSQ) concentration (0.0, 0.5, 1.8 and 1.5 M) and dilution
rate {1:3, 1:5 and 1:7, sementdiluent, v/v) on post—thawing
survival of deep frozen ram spermatozoa.

In experiment 3, the effects of erythritnl concentration
(G.4G, 0.5, 1.0 and 1.5 M} and dilution rate (1:3%X, 1:5, and
1:7, saemen:zdiluent, +/v) on post—-thawing survival of deep
frozen ram spermateozoa in Trieg diluent were investigated.

Expevriment 4 involved investigation of the effects of
rthylene glycol concentration 0.0, 0.5, 1.0 and 1.5 M) and
dilution rate {1:3, 1:0 and 1:7, semen:diluent, v/v) on post-
thawing motility of deep Ffrozan ram spermatozoa in Tris
diluent.

In experiment 5, the effects ot acetamide concentration
(0.0, 0.5, 1.0 and 1.5 M} of acetamide and dilution rate
{1:3, 1:5 and 1:7, sementdilouent, v/v) on post-thawing survi-
val of deep +rozen ram spermatozoa in Trisc diluent were
investigated.

Experiment & eaexamined the etfects of polyethylene
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9lyrcol ~600 concentration and dilution rates (123, 1:5 and
i:7, semen diluent, v/v) on post-thawing motility of deep
frozen ram sparmatozoa in Tris diluent. The concentrations
of polyethylens glyenl—-4A00 used were 0.0, 3.0, 4.0 and 9.0
mM instead of 0.0, 0.3, 1.0 and 1.5 M used in expweriments 1-
S, because at higher concentrations the polyethyleng glycol-

&00 coagulated the egg yolk.

2.2.4 Statistical fAnalysis

Mokility data for each experiment were analysed, follo-
wing angular transformation (Steel and Torrie, 1%&60) using
the staristiral package For the social sciences  (6PES)
factorial analysis by regression approaach (Kim and Kohout,

1975} .
2.3 Results
2.5.1 Experiment 1

Regults of the Experiment 1 on effects of glycerol con-—
centration and dilution rate on post—-thawing survival of deep
frozen ram spermatozca in Tris diluent are presented in Table
1.1, Glycerol concentration and incubation period showed
highly significant P < 0.001) effect on post—thawing moti-
lity of ram spermatczaé. The qlycerol concentration which
produced the best result was 0.5 M. Motility of spermatozoa
during post—thawing incubation were 24.34, 20.8, 17.0 and
13.8% at O, 2, 4 and & h respectively. There was a highly
cignificant ipteraction (P < 0.001) between glycerol concent-
ration and dilution rate (Table 1.2). The interaction was
dua to the response to glycerol concentration which changed

with dilution rate. The optimum glycerol concentration at



45

1:2 dilution rate of 1:3 (semen:diluent, v/v) was 1 M,

while for 1:5 and 1:7, it was 0.5 M.

2.3.2 Experiment 2

In Experiment 2, dimethyl sulphoxide concentration,
dilution rate and incubation period showed highly significant
effects (P ¢ 0.001) on post—-thawing motility of spermatozoa
(Table 1.3). The dimethyl sulphoxide concentration which
showed the best result was 6.5 M, while 1:7 {(semen:diluent,
v/v}! dilution rate gave the best motility. Post-thawing
motility declined as the incubation period increased. The
mean motility was 13,34 at O h and 4.3%4 after 6 h of incuba-
tion. There was a siagnificant interaction (P < 0.05) between
dimethyl sulphoxide concentration and dilution rate (Table
1.4Y. The best motility was without DMSO at 1:5 and 1:7
dilution rates, while 0.5 M DMS0 concentration could be

considered the optimum level at 1:3 dilution rate.

2.%.3 Experiment =

Results of Experiment = on the effects of erythritol
concentration, dilution rate and incubation period an post-
thawing survival of deep frozen ram spermatozoa in Tris
diluent are presented in Table 1.5. Erythritol concentration
and incubation perind showed highly significant (P < 0.001)
effects on post-thawing motility of spermatozoa. The mean
percentage of motile spermatozoa for erythritol concentrat-
ions of 0.0, 0.5, 1.0 and 1.5 M were 17.7, 20.3, 20.46 and
21.4% respectively. The erythritol concentration which pro-
duced the best result was 1.5 M. The motility declined as

with incubation time, with the best motility of 23.46% shown



at O h, compared to 154X at & h.

2.%3.4 Experiment 4

In Experiment 4§ ethvliene glycol concentration (P <
0.001), incubation period (P < 0.001) and dilution rate (P <
0.01) had significant effects on post-thawing motility of
spermataozaa (Table 1.4). The mean percentages of motile
spermatozoa were 7.4, 13.%9, 13.3, and 10.4% for 0.0, 0.5, 1.0
and 1.5 M concentrations of ethylene glycol. The best moti-
lity was shown by 0.5 M ethylene glycol. There was no signi-
ficant difference in post-thawing motility at the three dilu-
tion rates, while there was a decline 1in motility with
increase in incubation time. There was a significant inter-
action (P < 0.05) between dilution rate and ethylene glycol
concentration. There was dus to a decline in post-thawing
motility at high dilution and high ethylene glycol concent-
rations. This was also a highly significant (P < 0.001)
interaction between dilution rate, ethylene glycol concent—

ration and incubation time (Table 1.7).

2.3.5 Experiment S

As shown in Table 1.8, post-thawing motility of ram
spermatozoa was significantly affected (P < 0.001) by
acetamide concentration and incubation period in Experiment
S. The mean percentage of motile spermatozoa were 4.0, B.B,
9.6, and &.1% For 0.0, 0.5, 1.0 and 1.5 M concentrations of
acetamide respectively. The acetamide concentration which
produced the best result was between O.5 and 1.0 M. There
was a decline in motility with incubation time. There was

also a significant interaction (P < 0.01) between dilution



47

Frate and concentration (Tahle 1i.9). This was mainly due
Yo a decline in acetamide in motility with increase in

acetamide concentration and dilution rate.

2.3.46 Ewperiment &

In Expariment & polyethylene glycol-600 (PEG-&0G) con-
centration and incubation period had highly significant (F <
0.001) affacts on matility of spermatozoa after freezing and
thawing (Table 1.10). The FEG-600 which prodiuced the bast
recsult was 3 mM. There was a decline in motility with an
increase in incubation time. The best motiiity was at 2 h
incubation. There was a highly significant interaction P ¢
0.001; bwiween PEG-&A00 concentration and dilution rate (Tabie
i1.11). The interaction was dus to an inconsistent motiiity,
with the highest at 1:5 dilution when the PEE-&00 concent-
ration was 3 M and at 1:7 dilution when the PEG-400 concant-—

ration was & mM.
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2.4 DBISCUSSION

In this study various compouinds were screensd to avalu-
ate their crvoprotective activities on deep—-frazen ran
asnermatozoa. Blycernl, ervithritol, DMS0O, aretamide, athylens
glycal and palvethyvlene glycol-&6G0 were found to have highly
gignificant (P < 0.001) effects on post-thawing survival of
ram spermatozoa deep Frozen in Tris  dilusnt. Gf these,
glycerol, ervythritaol and ethylene glycol appeared to give the
bast post-thawing motility rates. Genarally the optimum
concentration of these cryoprotective compounds was found to
be in the range of O.5-1.0 M. The hest dilution rate was 1:4
(gemen: diluent, /vy for m@most of the rcompounds screaned.
Howaver, where dilution rate had no significant effect on
post-thawing survival thare was a significant interaction
between dilution rate and cryoprotective agent concentration.
Incubation periad had highly significant (P < 0.061) effect
on post—-thawing survival of deep—+Frozen ram spermatozoa.
There was a general decline in post-thawing motility as the
incubation progressed.

Among crvoprotective compounds used, glycerol was found
to be superior, which ic in agreement with previous findings
(Piatov, 1945; Salamon, 1948). Presumably, the superiority
at glycerol aver the athar cryoprotective coapoundes could be
due to its nature of being a normal intermediary product of
lipid metabnlism in mammals.

Erythritol , though not routinely used as a crvoprotec—
tive compound for deep freezing ram spermatozoa, offered some
cryoprotection. When included in the diluenkt at a concent-—
ration range of 0.6 to L.5% M, erythritol offered cryoprotec—
tion as good as glycerol in respect of both post—-thawing

recovery and survival rates during post—-thawing incubation.



This observation agrees with the findings of Wilmut and
Polge (1973) and 0Osinowo (1975) who worked on boar sperma-
tozoa.

Ethviene glycol and dimethyl sulphoxide did not offer
any appreciable cryoprotection to ram spermatozoa. The
effect of ethylene glycol was in contrast to the findings of
Platov (1965) where it was observed that 1.75 and 2% ethylene
glycol gave protection to ram spermatozoa during pellet free-
zing similar to that of 3.5% glycerol. But it could be
speculated that the ethylene glycol concentration used in
this study was much higher than what Platov (1965) used in
his studies. It could be observed that ethylene glycol at
higher concentration on molar basis has given less protection
to the freezing ram spermatozoa.

There was a general decline 1in post-thawing recovery
rate with all concentration of dimethyl sulphoxide used in
this study. Though dimethyl sulphoxide is routinely used in
deep freezing embryos of various species, it proved toxic for
deep freezing ram spermatozoa. The findings i1n this study
confirmed earlier reports by Jones (1965), Meryman (1944) and
Salamon (1958) of toxicity of dimethyl sulphoxide to ram
spermatozoa and human red blood cells. There was an inverse
correlation between sperm recovery and DMS0O concentration
{(Kahn, 1978B).

Even though acetamide and polyethylene alycol-&600 have
not been reported as cryoprotective compounds for deep free—
zing ram spermatozoa, they gave some cryoprotection.
Acetamide could be said to have a mild cryoprotective effect
on recovery rate of deep frozen ram spermatozoa compared to
glycerocl or erythritol. On the other hand, polyethylene
glycol-600, the only high molecul ar weight compound used as a

cryoprotective agent in this study coagqulated the egg yolk in
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the diluent at higher concentrations. It performed
poorly even at lower concentrations, rarely giving any cryo-
protaction to the spermatozoa. This agrees with the findings
of Jeyendran and Graham (1980) on the effect of polyethylene
glycol on bull spermatozoa.

The effective concentration of most of the cryoprotec-—
tive compounds used in this study was found to be about 0.5 M
while 1:4 dilution rate was found to be optimal. There was a
decline in post-thawing motility with an increase in incuba-
tion time. The decline was generally gradual +rom 0-2 h of
incubation; after which there was a sharp decline in moti-
lity. The practical application of this finding could be
that, the thawed semen should not be kept for long before

insemination.
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3. COMPARATIVE EVALLUATION OF SOME CRYDPROTELDCTIVE AGENTS
FOR DREF FREEZING RAM SPERMATOZIDA IN TRIS DILUENT



ﬂ‘-l
(S

2.1 INTRODUCTION

The use of glycerol in the diluents for deep freezing
of bull, ram and boar spermatozoa stemmed from the discovery
aof its cryoprotective action by Polge et al. (1949). Other
compounds such as erythritol, acetamide, dimethyl sulphoxide
and ethylene glycol were used at various concentrations as
cryoprotective agents during deep freezing of various cell
types. For deep freezing of ram spermatozoa a number of
compounds have been examined, but relatively few have offered
sufficient cryoprotective action. Despite the considerable
amount of i1nvestigations on cryoprotective agents, glycerol
remains the most widely used for deep freezing ram sparmato-
zoa. A number of studies have been carried out to determine
its optimum level in the diluent. Investigators differed in
their report on optimum glycerol levels ranging from 1.0 to
11.5%4 (Salamon, 19703 Foote, 1978B; Fiser et al., 1981).

The effectiveness of some cryoprotective agents such as
glycerol is influenced by a variety of factors including
initial dilution rate and +final spermatozoa concentration at
freezing.

The experiments carried out here were to compare cryo-—
protective agents used in the previous experiments (Chapter
2), except DMSO and polyethylene glycol-&600, at their optimal
concentrations. The effects of initial dilution rate and
final spermatozoa concentration at freezing on the survival
of deep +Frozen ram spermatozoa in Tris diluent were also

examined.



%.2 "MATERIALS AND METHODS

‘2.2.1 Semen Collection

Semen was collected by artificial vagina from siw
Yankasa rams. The ejaculates were examined visually for any
contaminants and were pooled after checking for good initial
motility under a pbase contrast microscope (x 200). The
sperm concentration of the pooled semen was determined by
photoelectric method using a spectrophotometer (Model C-400,

Beckman) at &00 nm wave-length.

3.2.2 Semen Processing

Diluent: The diluent (see chapter 2) was used.

Cryoprotective compounds: The cryoprotective compounds exa—

mined were glycerol, erythritol, sthylene glycol and aceta-
mide at 0.0, 0.2, 0.4 and 0.6 M in experiments 1, 2 and 3.
In experiment 4, only glycerol was used at 0.5 M while in
experiment S, glycerol, erythritol, e&thylene glycol and

acetamide were used at either 0.5 or 1.0 M.

Dilution and cooling: The dilution and cooling of semen was

carried out as in the previous experiments. Dilution rate of
1:4 (semen:diluent, v/v) was used in all the experiments
except experiments 2 and 4 where 1:2 or 1:4 and 1:2 or 1:6
dilution rates were examined respectively. In experiments 4

and 5, two-step dilution was used.

Freezing and storage: The cooled, extended semen was deep

frozen in triplicates on dry ice in pellet form (Nagase and

Niwa, 19464) and stored in liquid nitrogen at -1946'C for at



least 48 h as in the previous experiments.

Thawing, incubation and motility assessment: A minimum of

three pellets per sample were thawed in coded dry test tubes
at I7°C in a water bath, except in experiment I where thawing
was at 27, 37 and 47°C. The test tubes were shaken gently
until the semen was completely thawed. This procedure was
common to all experiments except experiment 4 where thawing
solution (Tris 300 mM, citric acid 94.7 M and fructose 55.5
mM) was used for thawing the pellets at a uniform concentrat-
ion of 1.0 x 10" cells/ml. The samples were randomly
presented for estimation of post-thawing motility. Fost-
thawing incubation was at 37°C for & h.

The percentage of motile cells in each sample of thawed
semen was assessed under coverslip usinag a phase contrast
microscope equipped with a warm stage kept at 3I7°C. The
motility assessments were carried out immediately after
thawing at O h, and at 2,4 and 6 h of post-thawing incuba-
tion. In all the experiments, three replicates were used and
examination of the spermatozoa was carried out at 400 x

magnification.

3.2.3 Experimental Design

Five experiments were carried out to futher exmine the
optimum concentration of four cryoprotective compounds.
Experiment 1 was conducted to examine the effects of diffe-—
rent concentrations (0.0, 0.2, 0.4 and 0.6 M) of glycerol and
erythritol on the post-thawing survival of deep frozen ram
spermatozoa 1n Tris diluent.

In experiment 2 four concentrations of glycerol and

erythritol (0.0, 0.2, 0.4 and 0.6 M) were investigated at 1:2



and 1:8 (semen:sdiluaent, v/v) dilution rates, Ffor their
effects on the post-thawing motility of spermatozoa.

Experiment 3 involved investigating the effects of con-
cantrations (0.0, 0.2, 0.4 and 0.6 ™M) of glvceral, erythri-
tal, acetamide and sthyiene glycol on the post-thawing survi-
val of spermatozoa thawed at 27, 37, and 47°0C.

Experiment 4 examined the effects of three initial
dilution rates {1:2, 1:4 and 1:4, semen: diluent,v/v) and
three spermatozoa concentrations at  freezing (0.5, 1.5 and 2
¥ 10" cells/mly on post-thawing motility of spermatozoa
using gqlyceral as cryoprotective compound. In this experi-—
ment, thawing solution {(Tris 300 mM, citric acid 4.7 mM,
fructose 55.85 M) was used For thawing the pellets at uniform
concentration of 1.0 » 107 cellis/ml.

In experiment & the temperature of cryoprotective com-
pound addition was investigated, using glycerol, ethylene
glycosl, acetamide and erythritel as the cryoprotective com-
pounds. The experiment involved two—stage dilaution at 30°C
and S"C. An overall dilution rate of 1:4 (semen:zdiluent,
v/v) mas used, with the diluent fraction containing the
cryoprotective compound added either at 30°C or 50, or at 30
and S3*L. The cancentration of each cryoprotective compound
varied in the diluent depending on whether it was added once
(at 30 ar 5°C) or twice (at 30 and S"Ch. These concentra-—
tions were 1.0 M and 0.5 M for one and two additions.

All the post~thawing motility data were anzlysed by
factorial analysis of wvariance with a regression appraach

{Kim and Kphout, i975), after angular transformation.



3.23.1 Experiment 1

Results of Experiment 1 are summrised in Tables 3.1.1
and Table 3.1.2, Post—-thawing motility was significantly
affected (P £ 0.001) hy the type and concentration of cryo-
protective campound and 1ncubation time. The mean percent-—
ages of motile spermatozoa for glycerol and erythritol were
34.7 and 30.1% respectively while the cryoprotective compound
concentration which produced the best result was 0.6 M.
There was a decline in post—thawing motility with increasing
incubation time.

The mean percentages of motile spermatozoa {for the
incubation periods of 0, 2 and & h were 37.7, 34.4 and 28.1%
respectively. There was a significant interaction (P < 0.05)
between type and concentration of cryoprotective compounds
(Table Z.1.2). The interaction was mainly due ta an increase
in post-thawing motility with increase in glycerol concent-
ration, while erythritol increased at 0.2 M, declined

slightly at 0.4 M and increased appreciably at 0.6 M.

3.3.2 Experiment 2

In Experiment 2, type and concentration of cryoprotec-—
tive compound, dilution rate and incubation period had highly
significant effects (P { 0.001) on motility of spermatozoa
(Table 3.2.1). The mean percentages of motile spermatozoa
for glycerol and erythritol were 23.0 and 146.B% respectively.
There was a highly significant interaction (P < 0.001)
between type and concentration of cryoprotective agent (Table

2.8). The interaction was mainly due to an increase in
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motility with increase in concentration of glyceral with
optimum at 0.4 M, while the response of erythritol changed
with its concentration, rising at 0.2 M, and declining at 0.4

M and 0.5 M.

3.3.2% Experiment 3

The result of this experiment are summarized in Tables
3.3.1, 3.3.2 and 3.3.3. Type af cryoprotective campound,
thawing temperature and incubation period showed highly
significant effects (P < 0.001) on Fost—-thawing motility af
ram spermatozoa. Blycerol produced the best result followed
by ethylene glycol. Thawing at 37 or 47°C had equal effects
on post-thawing motility. Percentge of motile spermatozoa
averaged 26.2, 2B.6, 21.8 and 15.4% at 0, 2, 4 and & h
respectively. There were significant interactions between
type of cryoprotective agent and thawing temperature (P <
0.001), and between type of cryoprotective agent and incuba-
tion time (P < 0.001). There was a general increase in
motility for all types of cryoprotective agents as the
thawing temperature was raised from 27 to 47°C (Table 3.3.2).
There was a general decline in motility across all cryopro-
tective agents with increase in incubation time from O to & h

(Table 3.3.3).

3.3.4 Experiment 4

Results of this experiment on the effects of initial
dilution rate, freezing concentration and 1incubation period
on post-thawing motility of ram spermatozoa in Tris diluent
are presented in Table 3.4.1. Sperm freezing concentration

and incubation period showed highly significant effects
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(P < ©0.001) on past—thawing motility. Freezing concent-
rations of 0.5 % 10 and 2 x 107 cells/ml produced post-
thawing motility of 246.7 and 20.8%Z respectively. The post-
thawing motility declined with increase in incubation period:
23.2, 28.2, 24.0 and 20.7%Z for O, 2, 4 and & h incubation

respectively.

3.3.5 Experiment 5

Results of this experiment on the effects of type and
temperature of addition of cryoprotective agents on post-
thawing survival of deep frozen ram spermatozoa in Tris
diluent are presented in Table 3.5.1 and 3.5.2. Type and
temperature of addition of cryoprotective agent and incuba-
tion period had highly significant (P < 0.001) effects on
past-thawing motility af ram spermatozoa. Glycerol produced
the best result (24.3%) while for ethylene glycol, acetamide
and erythritol the motility percentages were 20.0, 7.5 and
16.5% respectively. Addition of cryoprotective agent at 30
and S5°C (two-stage dilution) gave slightly better post-—
thawing motility (23.9%) compared to addition at 30 ar 5°C

{one-stage dilution (21.4 and 20.9% respectively). There was

a slight decline in motility from O toc 4 h (19.7%4 to 18B.4%)
|
| of incubation with a sharp decline between 4 and & h (1B.4 -~

' 11.6%). There was a highly significant (F < 0.001) 1st order
interaction between type of cryoprotective agent and tempera-

ture of its addition (Table 3.5.2).



DISCLSSION

The present study shows that glycerol, erythritol and
ethylene glycol offered some cryoprotection to ram sperma-—
tozna deep froren in Trie diluent. The post-thawing recovery
rate and survival of spermatozoa were significantly improved.
Glycernol gave the best cryoprotection to the spermatozoa
compared to ethylene glyeconl and erythrital. The optimum
concentrations nf the rcompounds were 0.5 ™M for glycerol and
ethylene glycol and 0.4 M for erythritol. Ethylene glycol
offered better cryoprotection to ram spermatozoca  at lower
concentrations rcompared to higher concentrationzs in  the
previous experiments. The effect of ethylene glycal in this
study was similar to the findings of Flatpv {19465 who obgear-
ved that 1.75-2.0L of ethylene glycol gave protection to ram
gpermatozoa during pellet freezing, similar to that of 3.5%
glycerol. However, it was obhseprved in this experiment that
the concentration of ethvlene glycol could not be reduced
below 0.9 M without losing its rcryoprotection.

One-step dilution has a critical effect in deep freezing
ram spermatozoa since tha same spermatozos concentration is
maintained throughout cooling and freezing. Dilution at 1:=:4
{semenidiluent, v/v) resulted in a better recovery rate than
1:2 or 1:7 dilution ratio=s. Lower dilution probahly lead to
fast accumulation of metabolic wastes especially during the
cooling period which could result in cell death before free-
zing. Un the other hand, at higher dilution rate, the mneta-
bolic wastes do not accumulate as fast, as such no signific-
ant cell death may occcur prior to freezing. The findings in
this =ztudy showed poor post-thawing recaovery rate at lower
dilution rate compared to a better post-thawing motility at

higher dilution rate. This observation was in agreement with
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the findings of Mizuho et al. (19563).

Thawing at temperatures higher than 27'C was more
beneficial to the +Frozen spermatozoa as evidenced by higher
post—-thawing recovery and survival rates. The frozen—-thawed
semen showed similar recovery rates after thawing at either
37 or 47"C. This was similar to findings of previous inves-
tigators (Salamon, 1948; Colas, 1979; Fiser et al. 1981).
According to Fiser et al. (1981) the decreased post—-thawing
recovery rate after thawing at 27°C was due to cryo-injury
caused by re-vitrification of wminute ice crystals during the
slow thawing.

Contrary to the observations of Braham and Crabo (1972)
with boar semen, ram spermatozoa can be Ffrozen in highly
concentrated form without greatly affecting the post-thawing
recovery or survival rates. Freezing at concentrations of up
to 2 x 10% cells per ml gave satisfactory post—-thawing
recovery and survival rates. Graham and Crabao (1972) main-
tained same spermatozoa concentration throughout cooling,
freezing and the post-thawing periaod. In the present study,
the concentration of spermatozoa in the diluted semen was
kept low during cooling to S°C and after thawing. This rest-
ricted the stage ot high cell concentration ta the period
during freezing only, when metabolic activities were minimal,
as such improving the post-thawing motility. A similar con-
clusion was reached by Osinowo (1975) after using the same
processing technique with boar semen.

The findings of this study are of practical importance
to the deep-frozen storage of ram spermatozoa for artificial
insemination. Freezing at high cell concentrations allows
for considerably reduction in processing time and storage
space. There was no difference between freezing at 0.5 or

2.0 % 107 cells per ml. When two-step dilution was followed.
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There was a difference in recovery rates of frozen-

thawad ram spermatozoa when cryoprotective agents were added
gither once (gt 37 or S*L}), or twirce {at X7 and 5", the
latter giving a better recovery rate. This Finding is 1in
contrast to an earlisr observation with frozen bull semen by

Jeyendran and Brabam (12840 .



4. EFFECTS OF COMBINATION AND SUBGTITUTION OF SOME
CRYDPROTELCTIVE COMPOUNMDS ON POST-THAWING SURVIVAL
OF RAM SPERMATDZDA DEEP-FROZEN IN TRIS DILUENT
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ABSTRALCT

Six experimentz were conducted to examine various
factors such as effects of cowbination and substitution on
zome selected cryoprotectants on  the survival of deep frozen
rram spermatozoa.

Following combination of cryoprotective agents the sur—
vival rate of Frozen spermatozeos significantly increased
{(46.2 v B.4% coampared to non inclu=sion of crvoprotective
agent in the diluent. Combination of glycerol and erythritol
{446.2%) had better post—thawing motility than glyceroi {84.5)
and a combination of glycerol and ethylene glycel {(40.4). In
the substitution experiments glyceral was found to be supe-—
rior to erythritol, ethylene glycol, DMS0O and acetamide as
initial cryoprotective agent. The choice ¥ initial cryo-
protective agent was aobserved to be critical {(F < 0.0601) to
the survival of the deep frozen ram spermatozoa. Even though
the c@n&ce of freezing ecryoprotective agent was not critical
ta the swurvival, there was a significant interaction (P <
0.001) between initial and freezing cryoprotective agents.
This indicated that the order at which the sequence of cryo-
protective agents use could be critical to the survival rate
af deep frozen ram spermatozoa (DMS0 substituted by glycerol
14.2% v glyrernl substituted by DMSO 40.4%) .,

In experiment &, combination of glycerol and eryvthritol
{34.6%) had the hest post—-thawing motility compared to any
sequential use of crvoprotective agents.

The finding in this study was in contrast to reporte by
Balamon (1968, 1973) who observed thaat there was a depres—
sing affect when any low molecul ar weight compound was combi-

ned with or wused after glycerol.
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4.1 INTRODUCTION

The inability of mnst known ecryvoprotective agents to
confer maore than partial protection on ram speprmatozoa daring
deep freezing has led to a number of attempts aimed at combi-
ning the protective action oaf glycerol with that of other
compounds (Platov, 19453 Salamon, 1968). In these studies,
however, glycerol gave equal or better protection when used
atone than in combination with other cryoprotective com—
pounds, Salamon {(1973) reported that the inclusion of low
molecular weight pelyols in diluent containing gliyceral had
no additional «Fffect on swrvival of deep frozen boar sperma-—
tozaa. However, Dcinown {197%) reported an  improvement in
post—thawing surviwval of boar speresatozoca after replacing
glycerol by erythrital in the diluent prior to freezing. HNo
siich attempts have been made with ram spermatozoca.

Thae experiments described here were carried out to
examine the effects of combination and subgtitution of some
selected cryoprotectants on the survival of deep frozen ram

spermatozoa.

4.2 HMATERIALS AND METHODS

4_.2.1 Semen Collection

Sepmen was collected by artificial wvagina Ffrom sisx
Yankazsa +rans. Samples were checked visually Ffor any
contaminants and Ffor good initial wmotility uwunder a phase
contrast micrascope and pooled. Sperm concentration of the
pocled semen was determined by spectrophoctometer (Modsel £ —

400, Beckman) at &00 nm wavelength.



&5

4.2.2 Semen Processing

Diluent and cryoprotective compounds Tris diluent was used

as in previous experiments. The cryoprotective compounds
used were glycerol, erythritol, acetamide, ethylene glycol

and DMSD, at various concentration ranging from 0.33 to 1.0 M

Dilution and cooling This procedure was carried out as in

the previous experiments. A two-step dilution equivalent to
overall dilution rate of 1:4 (semen: diluent, v/v) was used
in all the experiments. After dilution at 30°C, the extended
semen was cooled to 5°C in about 2 h. After cooling, the
semen samples were centrifuged at 2500 rpm for 1S5 minutes in
all experiments using a refrigerated gpreparative centrifuge
at 5"C (model J-4, Beckman) to remove the initial diluent.
The freezing diluent was then added at 5°C to resuspend the

semen to 1 % 10" cells per ml concentration and frozen.

Freezing and storage The cooled semen was frozen on dry ice

in pellet form. A 100 pl  pipette was used in dropping the
semen into small indentations made on dry—-ice blocks. After
freezing, the pellets were stored in liquid nitrogen at

-194*C for at least 48 h.

Thawing, incubation and motility assessment A minimum of

three pellets per sample were thawed in coded dry test tubes
at Z7°C in & water bath. The test tubes were shaken gently
until the semen was completely thawed. The samples were
randomly presented at 2 h intervals for estimation of post-

thawing motility. Post-thawing incubation was at 37°C For &h



Live/dead count This was carried out only in experi-

ments 4, 5 and &A. Semen smears were stained with eosin-
nigrosine stain prepared by the method of Dott and Foster
(1972). The proportions of spermatozoa stained or with
damaged acrosomal membrane were determined (100 counts/slide,
3 replicates/treatment) without clearing. A phase contrast
microscope {model - Swift phase master) was used with oil

immersion at 1,000 x magnification.

4.2.2 Experimental Design

Six experiments were conducted to examine various
factors indicated below. Experiment 1 was conducted to
examine the effects of combination of cryoprotective agents
on post—thawing survival of deep frozen ram spermatozoa in
Tris diluent. This involved a two-step dilution, at 30'C and
S*'C. An overall dilutiaon rate of 1:4 (semen: diluent, v/v)
was used, with the diluent fraction containing the cryopro—
tective compound added after cooling to 5°C. Glycerol,
ethylene glycol and erythritol were used as single cryopro-—
tective compounds, while glycerol + ethylene glycol, glycerol
+ erythritol, ethylene glycol + erythritol and glycerol +
ethylene glycol + erythritol were the combinations of 2 or 3
cryoprotective compounds examined. The concentration of each
cryoprotective compound wvaried in the diluent depending on
whether it was used singly, or in combination with one or
with two other compounds. The concentrations for single,
double or triple cryoprotective agents were 1.0, 0.5 and 0.33
M respectively.

The next four experiments (2-5) were conducted to inves—
tigate the effect of sequential substitution of cryoprotec-
tive compounds on post—thawing survival of deep—-frozen ram

spermatozoa in Tris diluent. Each of the cryoprotective
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agents was used at 0.5 M concentration in the diluent.
An initial dilution rate of 1:4 (semen: dilution, v/v) was
used with diluent containing the initial cryoprotective
compound, at 3I0°C. The extended semen was cooled to 5°C in
about 2 h. The samples were transferred tao precoaled cent-
rifuge tubes at 5°C and centrifuged at 2500 rpm for 15
minutes at S5S'C to remove the initial diluent. The spermato-
zona were resuspended to a concentration of 1 x 10% sperma-
tozoa per ml with diluent containing the second cryoprotec-—
tive compound. The resuspended samples were immediately
fraozen on dry ice and stored in liquid nitrogen for at least
48 h.

In experiment 2, four cryoprotective agents (glycerol,
ethylene glycol, acetamide and DMS0O) were investigated for
their additive cryoprotection ta deep frozen ram spermatozoa
in Tris diluent.

Experiment 3 was similar to experiment 2, and involved
five instead of Ffour cryoprotective compounds (glycerol,
ethylene glycol, acetamide, DMS80O and erythritol in the
sequential substitution.

Experiment 4 was a comparison of B selected substitu-
tions from experiments 2 and 3. These were glycerol /DMSO,
glycerol /glycerol, ethylene glycol/ethylene glycol, glyce-
rol /erythritol, erythritol /glyceral, ethylene glycol/erythri-

tol, acetamide/glycerol and erythritol/ethylene glycol.

Experiment 5 was also designed to further investigate
the additive cryoprotection of the best four substitutions
from experiment 4. This involved glycerol /glycerol, glyce-
rol/erythritol, ethylene glycol/erythritol, acetamide/glyce-
rol. An additional substitution (erythritol /erythritol) was

also investigated. Four replicates were used in this
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experiment.

Experiment & was designed to make the final comparison
af the best cambination and substitution treatments from the
previous experiments. From the combination experiment (Expt.
1) two best combinations were used: These were glycerol +
ethylene glycol and glycerol + erythritol. From the substi-
tution experiments (Expt. 5) three best substitutions were
used: These were glycerol /glycercl, glycerol/erythritol and
ethylene glycol /erythritol.

The post-thawing motility data were analysed by a facto-
rial analysis of variance with a regression approach (Kim and

Kohout, 1975) after angular transformation.

4.3 RESULTS

4.3.1 Experiment 1

The results of experiment 1 on the effects of combi-
nation of cryoprotective compounds on post-thawing motility
of deep frozen ram spermatozoa in Tris diluent are presented
in Tabhle 4.1.1. There was a highly significant effect (P <
0.001) of type of cryoprotectant combination and incubation
period on post-thawing motility of ram spermatozoa.
Combination of glycernol and erythritol produced the bhest
results (Table 4.1.2). There was no significant difference
in motility during incubation up to the 4th hour (37.6, 3B.&
and 36.7% for 0, 2 and 4 h respectively) but there was a
sharp decline in post-thawing motility between 4 and & h
(36&.7 and 25.&% respectively).



4.3.2 Experiment 2

Resulis of experiment 2 on the effects of initial and
final cryoprotectants on post-thawing motility of deep frozen
ram spermatozoa are gpgresented in Tablie 4.2.1. The type of
initial aryopratectant and incubation peariad showed highly
cignificant (P £ 0.001) effects on post-thawing motility of
ram spermatozoa. Hlycernl, as an initial cryaprotectant,
gave the best results. The mean motilities of spermatozoa
during post-thawing incubation were 23,2, 32.5, 2%.5, and
12.7% at &, 2, 484 and & h respectively. There was a highly
gsignificant (P ¢ 6,001} interaction between initial and final

cryoprotective agents (Table 4.2.2).

4.3.F Experiment =

The results of experiment I on the sequential substi-
tution of glvycerol, ethyvlene glycol, acetamide, DMGD  and
erythritol in Tris diluent are presented in Table 4.3.1. The
initial and Ffinal cryoprotective agents, and incubation
period, had highly significant effects {(F < 0.001) on post-
thawing motility of ram spermatozoa. Glycerol folilowed by
arythritol produced the best results both as initial and
final cryoprotective agents. There was a decline in post-
thawing motility with increase in incubation time with {(28.7,
22.9, 19.1 and 11.6% motility at 0, 2, 4 and & b respecti-
vely). There was a significant (P £ 0.005) interaction bet-

ween initial and final cryoprotective ageants (Table 4.3.2).
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4.3.4 Experiment 4

Results of experiment 4 on effect of type of cryopro-
tective agent substitution on post-thawing survival of deep
frozen ram spermatozoa in Tris diluent is presented in Table
4.4.1. Substitution of cryoprotectants and incubation period
showed highly significant effects (P < 0.001) on post-thawing
motility of ram spermatozoa. Glycerol substituted by eryth-
ritol and ethylene glycol substituted by erythritol produced
the best results (Table 4.4.2). There was a decline in post-
thawing motililty with increase in time of incubation (8.8,
24.6, 24.4 and 16.0% for O, 2, 4 and & h respectively).

The type of cryoprotective agent substitution and post-
thawing incubation period showed significant effects (P <
0.001) on 4 live sperm (Table 4.4.7). Glycerol substituted
by glycerol or erythritol showed the highest percentage of
live spermatozoa (Table 4.4.48). There was a decline in post-
thawing percentage of live spermatozoa with increase in
incubation time.

As regards the proportions of spermatozoa with damaged
acrosomal membranes (Table 4.4.5) the type of cryoprotective
agent replacement had a significant effect (P < 0G.005).
Ethylene glycol replaced by erythritol and the reverse order
of cyoprotectants resulted in the highest proportion of
damaged acrosomal membranes among the cryoprotectant substi-

tution treatments (Table 4.4.46).

4.3.5 Experiment 5

The results of experiment 5 on the effects of cryopro-

tective agent substitution on post—thawing motility of deep-

frozen ram spermatoroa, are present  1in Table 4.5.1.
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Cryoprotectant subhstitoution and incubation periocd showed
significant effects {(F < 5,001 and P < Q.005 respectively)
on post—thawing motility.

Glycerol substituted by glycerol showed the best result
followad by glycerol/erythritol, ethylene glycol ferythritol
and acetamide/glvcerol {Table 3.5.2). There was a gradual
decline in post—thawing motility with increase in incubation
time (32.3, I5.5, 33.8 and 29.0% at 06, 2,4 and & h respecti-
vely).

Type of cryoprotective agent substitution and post-
thawing incubation time had highly significant effects (F <
0.001) on percentage of live spermatozoa (Table 4.%5.3),
Blycerol replaced by glycerol or erythrito}l showed the
highest post-thawing percentage of live spermatozeoa {(3%.1 and
30.3% respectively) compared to the rest of the substitut-
ions. However, there was a gradual decline of live sperma-
tozoa with increase in incubation time (30.3, 31.1, 27.6 and
28 1% at 0O, 2, 4 and & h respectively). As regards the
marphology, only post—thawing incubation time had a highly
significant effect (F < CG.00Q1) on gpercentage of spermatozoa
with damaged acrosomes (Table 4.3.4)., There was an increase
in the percentage of damaged acrosomes with increase in the
post—thawing incubation time (10.8, 18.3, 24.2 and 292.86% at

0, 2y 4 and 6 h respectively).

4.3. 6 Experiment &

Recuylts of eouperiment & on the affects of cryvoprotec-—
tive agent treatment {(combination ar substitution) and
Cincubation period on post-thawing survival of ram spermatozoa
deep~frozen in Trizs diluent are presented in Table 34.5.1.

The cryoprotective agent treatment and incubation period had



significant effects (P { 0.003 and FP < 0.001 respecti-
vely) on posk-thawing motiiity. Combination of glycerol and
erythritol ws superior +to that of glycerol and ethylena
glycol. In the substitution experiment, when glvcerol was
replaced by glycerol, glycerol substituted by erythritol and
ethylene glycol replaced by erythritol nad idenktical resultis
{(Table 4.6.2). The post-thawing motility declined as incuba-
tion time increased (37.0, 36,0, 31.3 and 20.0%Z Ffor 0, 2, 4
and & h respectively).

Neither cryoprotectant treatment and combination nor
incubation period had any significant effect on percentage of
live spermatozoa (Table 4.56.3%). However, cryoprotectant
treatment and incubation period had highly significant
effacts (P < CG.061) on post-thawing morghology of frozen ram
spormatoroa {(Table 4.46.4). The proportion of spermatozoa
with damaged acrosomes was slightly higher for cryoprotectant
substitution than for crvoprotectant combination. There was
an increase in damaged acrosomes with increase in  post-
thawing incubation time. There was a highly significant (F ¢
0.001) two-—way interaction hastween cyoprotertive agent

treatmont and incubation period (Table 4.&6.5).
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DISCUSSION

An attempt has been made in the present experiments to
find the effect of combining cryoprotective agents or using
them sequentially. Combination of glycerol and erythritol
(45.3%) offered better cryoprotection to frozen ram sperma-
tozoa than glycerol (44.456%), ethylene glycol (32.8) or eryth-
ritol (29.7%) as simple cryoprotectants (Experiment 1). This
finding was in contrast to an earlier reports by Salamon
(1958} who observed a depressing effect on post—-thawing reco-
very rate when any low molecul ar weight compound was combined
with glycerol.

The cryoprotective agent substitution technigue involved
a two-step dilution where an initial cryoprotectant was rep-
laced by another prior to freezing. The wviability of ram
spermatozoa after freeze-thawing was better when glycerol was
used as an initial cryoprotective agent compared to ethylene
glycol, acetamide, DMSO or erythritol. However , there was
an interaction (P < 0.001) between initial and freezing cryo-
protective agents. This indicated that the order of cryopro-
tective agent wused in sequential susbstitution could be
critical to the post-thawing, survival of ram spermatozoa
(Evperiments 2 and 3). Example of surh interaction is the
replacement of glycerol by DMSO (4G.4%) offering better
cryoprotection than the reverse (14.2%). The depressing and
toxic effect of some agents such as DMSO on ram spermatozoa
could be ameliorated by first introducing glycerel as an
initial cryoprotective agent. This finding was in contrast
to report by Salamon (1973) on boar semen.

It has been demonstrated that ram spermatozoa tolerate
solution of high osmotic pressure (more than 10600 wmOsm)

(Fiser et al., 1981). The behaviour of the ecryoprotective
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agents  in  the substitution technique {Expeariment Z-&)
could be explained based on osmolic pressure. The 0.5 M
cancentration of glycerol, ethyvliene glycol, erythritol and
acotamide have osmotic pressure of 1342.0, 184,46, 935.5 and
719.7 milem respectively. A better tolerance for bhigh asmotic
pressure by ram spermatozoa was demonstrated whenever a hign
osmotic pressure compound such as glycerni or ethylene glycol
was replaced by a compound of lower osmotic pressure such as
erythritol or acetamide. However , when erythritol was usad
as an initial cryoprotectant it was as good as gthylene
glycal unlike the observations of Osinown (1975} with boar
semen.

After examining eight selected substritution treatments
(Experiments 4 and 3) of cryeoprotective agents, glycerol
replaced by olycerocl, glycerol replaced by erythritol and
ethyleng glycol substituted by erythritnl had the best post-
thawing motility of 406.0, 3I3.1, and 3I2.5) respectively.
{Tabie 4.5.2).

Even theough there was a draop in diluent osmotic pressure
when glycerol was replaced by any of the cryoprotective
agents, there waz an appreciable improvement on the post-
thawing recovery and surviwval rates. Glyceral when used as
an initial cryoprotective agent might have pensetrated the
cells during the 2 b looking periocd tao B'C  and as such, the
centrifugation might not remove it completely. Binrce bsmotic
equilibrium would bave bheen attained by the glycerol, resus-
pension of the cells in diluents with cryoprotective aspects
of lower osmotic pressure might not cause any detrimental
effect on the spermatpozoa.

In this study an attempt for wsing motility, acrosomal
membrane integrity and live-dead ratia as criteria +or

assesseing sperm viability after freezing in Experiments &,



and &. Cryoprotective agents improved the percentage of
live sperm recovery following deep freezing. However, it
was observed that, with Ffrozen-thawed ram spermatozoa it was
not possible to categorise the acrosomal damage. The damage
appearad uniform irrespective of cryoprotective agents treat-
mant . But, the extent of damage to acrosome varied with
cryoprotective agents.

It was observed that at the end of the & h incubation at
ZI7°C there was no significant decline in motility. This
showed that post-thawing survival rate was improved by the
combination and substitution of cryoprotective agents. But
as with earlier findings (Lovelock, 195233 Morris, 1982;
Takahashi et al., 1985) the damaged acrosomes increased
with the time of incubation.

The sequence in which cryoprotective agents are brought
in contract with spermatozoa before freezing is very import-
ant. But glycerol proved to be superior when used as initial
agent to other cryoprotective agents. Only a combination of
glycerol and erythritaol was hetter than glycerol as a single

cryoprotective agent.
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S5. FERTILITY TEET OF RAM SPERMATOZON DEEP FROIEN
USING DNE OR MDRE CRYDPROTECTIVE COMPDUNDS



S.1 INTRODUCTION

intensive lahoratory studies led to considerable pro-
gress reqarding semen freezxing and thawing procedures to
give fairly good post-thawing surviwval rate (Salamon and
Visser, 1972: Colas, 1975, OGraham et al., 1978). Howewver
fertility following insemination of frozen ram semen tends to
be considerably lower than For Ffresh orFf chilled cemen
{(Guctafsson, 19783 Maxwell et ai., 1984},

To improve fertility of deep frozen ram semen, attempte
have heen made to bypase the cerviy duwring insemination,
aeither by laparctomy, forceful entry into the uterus or by
laparoscopy Anderson et al., 19733 Fukui and Robherts
1979; Maxwell et al., 1980; Killeen et al., 1982; Maxwell
et al., 1984}). To date, these intrauterine i1insemination
techniques have not been widely adopted due to their imprac-—
tical mnature wnder +field conditions. However , satisfachtory
levels of fertility have been reported by many workers follo-
wing intrauvterine insemination with frozen yram semen (Killeen
et al,, 198B2; Haxwell, 1983; Mawxwell o¢ af., 19H4; Kertan
et al., 1984;,

The present study examined the fertility of ram semen
frozen with one or more cryoprotective agente, using cervic-

al pr intrauterine {surgical) inseminations.

5.2 MATERIALS AND METHODS

H5.2.1 Somen Collection

Semen was collected by artificial vagina from Yankasa
yearling rams. The ejaculates were checked for good initial
motility. The sperm concentration was determined using a

spectrophotometer (Model [C-4CG0, PBeckmani at &00 nm wave-
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length. bOnly ejacalates with minimum concentration of

-

32 10% cells per ml were used.

5.2.2 Semen Processing

i luent The Tris diluent used had the following composit-
iont 300 mM tris  {(hydroxymethyl amino methane), 94.7 mM
citric acid, 27.75 sM glucose,; 19% {(v/v} $fresh eqqg yolik, 1000
U per ml peniciliin B and 1 mg per ml streptomycin sulphate.
The diluent was prepared in double—glass distilled water
without warming. Biluents were either used soon after prepa-
ration or were stored at 3°C at double concentration for use
within 24 h. Fresh egg yolk was added to the diluent on the

day of use.

Cryoprotective agents The cryoprotective agents used were

glyceral and erythritol as single compounds, a combination of
glycerol and erythritol, and of ethylene glycpol substituted
by erythritol, All cryoprotective agents were used at G.S M
concentratian. In Trial 1, glycerol and erythritol were used
as single compounds. For the other three subsequent trials
glycercl and erythritol were used singly or in combination,
while a substitution freatment, involving ethylene glycol

substituted after conling by erythritol, was also used.

Dilution and cooling The semen was diluted with appropriate

diluent in test tubes placed in a water bath at 3I0*C. In
Trial 1, the semen was diluted to 1.25 x 107 cells per ml
in Tris diluent. In Trials 2 to 4, cryoprotective agent
combipation {(glycerol and erythritol) and substitution
{ethylene glycol replaced by erythritol} were used in

addition top the single compounds. The semen was initially



diluted 1:4 (semen:diluent, v/v) at 3I0°C using diluent
without cryoprotective agent in the case of combination. In
the substitution technique the initial dilution was with
diluent controlling the initial cryoprotective agent. After
conling to 3S*C in about 2 h, the semen was centrifuged at
2500 rpm for 15 min at 5°C to remove the initial diluent.
The centrifuged spermatozoa were resuspended to 2.0 x 10%
cells per ml with the freezing diluent.

The semen was Frozen on dry—-ice 1in pellet form (Nagase
and Niwa, 1%944), The pellet volume was 0.1 ml. After
freezing, the pellets were stored 1in liquid nitrogen or at
least 48 h after which the post-thawing motility was assessed

before pooling the pellets according to ram and treatment.

Thawing The pellets were thawed at Z7°C in a water bath in
dry test tubes. The test tubes were shaken gently until the
semen was completely thawed. The post—thawing motility was
assessed prior to insemination. Only semen batches with at

least Z0% motility were used for insemination.

5.2.6 Synchronization of ocestrus

Trials 1, 2, 3T and 4 51, S0, 51 and 130 mature Yankasa
ewes were used respectively. They were treated with intra-
vaginal sponges containing &0 mg medroxyprogesterone acetate
(Veramix, Upjohn) for 12 days after which they received an
intra—muscular injection of S00 TU PMSG (Folligon, intervet)
at sponge withdrawal in Trials 2 and 3 only. The ewes were
joined with vasectomized rams and checked for signs of heat

twice daily (at 0BOO and 1500 h).
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5.2.7 Cervical insamination

Ewes detected in heat in  the morning were inseminated
twice, first in the evening and then the following morning.
When detected in the evening, they were inseminated the
following morning and evening. Ewes were randomiy allocated
to the various treatments.

Frozen semen was thawed in dry test tubes at 3770, three
pellets per tube, and the post-thawing motility was ascesoed
before insemination. For Trials 1 and 2 insemination dose
was 312 x 10+¢ cellis, while in Triale 3I and 4 each dose
contained 500 x 10" ceils in 0.25 ml of thawed semen. In
trial A4, the cervical insemination was carvied out twice, at
firet and second oestrus  after synchronization. A wvagino-
scope was used in depositing the frozen—thawed semen at the
external orifice of the cervix with an inseminating pipette.
Ewes serving as controls were naturally mated using the came

intart rams from which s=emen was collected.

S5.2.8 Surgical insemination (Triale I and 4)

Intra—wterine insemination with froren cemen was perfor-
med under local anaesthetic (Xylocaine, Actral. The uterine
harns were located after exposing the reproductive tract by
mid—-ventral incisian. The semen (0.01 ml) containing 20 x
10 total spermatozoa {(Trial 3) and 0.0 - 0,02 ml) contai-
ning 2¢ x 108 motile cplls (Trial 4) was introduced into
each uterine horn half-way betwean the hifuwrcation and the
vteratubal junction. The insemination procedure was carried
out 48 to 55 h after sponge withdrawal using & 25 guage
needle attached to a dispensing micropipette in Trial 3. Far

Trial 4 a 23T gauwge neeidle attached to 1wl tuberculin syringe
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was used.
5.3 RESILTSR
5.3.1 Fertility trial 1

In the first +ertility trial the 21-day non—-return and
lambing rates showed no difference between semen trated with
glycerol or erythritol {FTahle 5.1.1). The control was
superior to all the treatments lambing rate was generally

lower than conception rate.
5.3.2 Feartility trial 2

In Trial 2 mare treatment were introduced (Glycerol,
erythritel, glycerol + eryithritel and ethylens glyrol substi-
tuted by erythritcli. For cervical insemination, semen
treated with pthylene glycol substituted by srythritpl hadg
three non-returns, while semen treated with glycerol and
erythritnl had twe and one ewes not returning to heat after
21 days respectively (Table S5.2.1). Combination of glyceroi
and erythritol resulted in no conception.

411 the eswes not returning to heat after 21 days in the
treatment groups did not lamb. In the control four out of 7
ewes lambed giving a lambing rate of 57.1%. For intrauterine
insemination (Table 5.2.2) the non-return rate +Ffor the
cantral {(frech zcemen), semen treated with glyeeragl + erythri-
tal were the same (30Y) while semen treated glyceral and
erythritol had 40 and 235 per cent tonception rates recpecti-
vely, Semen treated with ethylene glycol substjtuted by
erythritol resuwited in no conception. Semen treated with

combination of glycerol and erythritol had higher lambing



rate pf A0V compared to S0O% of the control while other

treatment groups had no lambing.

5.3.1 Fertility trial 3

In Trial 3 the conception and lambing rates were very
poor following cervical insemination For all the treatment
groups and the controls (Table S.35.1). The few pwes not
returning to heat after 21 days did not lamb. As regards the
intrauterine insemination the non—-return rate was uniform at
40%. tLambing rate was lower than the non-return rate (40 v
20%) except For First treatment (glycerol) which had no

lambing {(Tanle 5.3.2).

S5.3.1 Fertility trial 4

The non-return rate for trial 4 icervical insemination)
for the treatment groups {(27.3;, 0, 20.0, S4.5%) were lower
than the control {(100%4). Lambing rates were generally lower
than the non-return rates (Table 5.4.1). The non—reaturn rate
for the intrsuterine insemination {(Table S.4.1) of TFrial 4
was generally good (40-60%). But the lambing rates were poor
{0=20%) .,

Cervical insemination following natural estrus had the
best non-return rate (207005, Glycerol treated semen was
similar to the control (natural servicel. The lambing rate

were lower than the non—return rates (Table %.4.3.
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The resulits ohtained in the Ffirst fertility test showed
that the conception rate based on 21-day non-return was
higher than the& lambing rate {(35.5 v 11.5%). Theare was no
difference in hoth conception and lambing rates between semen
treated with glycerol and erythritol following cervical inse—
mination. The observations in this study contrast with those
raported by most investigators (Visser and Balamon, 1973;
Salamon and Visser, 19743y Crosby e al., 19B3; HMaxwell,
1283; Maxweli et atl., 19843, but compared Ffavourably with
the findings of Laginava and Zeltabryuh (1968) and Trajo
{1983). Since the non—-return rate was higher than the
Iambing rate, this indicated embryvonic mortality or abortion.
This finding compares with observations of Edey ({1974&) and
Balamon et al., {1979 that Fertility Jevels could be
disappointing as a result of high embryonic mortality in the
owes.

Fertility teste 2 and T bhave similar low non-refturn
rates following cervical insemination. Degpite the increase
in insemination dose #from 3i2 to 5060 x 10% and the use of
500 IU PMSGE to enhance the fertility of the swes. In trial =X
there was no lambing from the ewes not returning to estrus.
There was no doubt that the PMBEG enhanced zigns of estirus
virtually 24 h after sponge withdrawal, but there was a
general failure of most of the owes to conceive based on low
non—-return rate. This Ffinding contrasts with that of Maxwell
et al., {1984>, Though Oyedipe et al., {1987} reported
S04 IUH PMEG to be adequate +or Yankasa ewes even resulting in
wild smuperovulation in dry ewes, this observation might not
apply to lactating ewes. According to Thimonier ef al.,

{19468) higher doses of PM5G might be required to get higher



percentage of lactating ewes to ovulate. In this evperi-
ment the use of PMSGE was very effective as the animals
started exhibiting signs of heat barely 24 h after sponge
withdrawal but ovulation might not have taken place in time
to effect fertilization after insemination.

In fertility trials 2 and 3 intrauterine insemination
was performed by laparotomy. The results revealed that
intrauterine insemination was better than cervical insemi-
nation. This compares with the Ffindings of Takenaka et
al., (1987) Among the semen treatments only the substitu-—
tion of ethylene glycal by erythritol resulted in no non-
return in Trial 2. Despite the poor results in the intra-
uterine insemination no difference was observed in conception
rate between semen treated with glycerol, glycerol + erythri-
tol and the control in trial 3. But the lambing rate of
semen treated with glycerol + erythritol was better than
glycerol treatment and the control. In fact semen treated
with glycerol or erythritol resulted in no lambing despite
the non-return of 40 and 25% respectively.

In the fourth fertility test carried out, the non-return
following cervical insemination was generally lower than the
intrauterine insemination. For the cervical insemination,
erythritol resulted in no conception while the ethylene
glycol replaced by erythritol resulted in the highest non-
return rate Ffor all cervical inseminations (53.5%). The
lambing rates were also lower than expected. There was no
much difference based on non—-return rate between the +four
semen treatments and the control following intrauterine
insemination. This indicated that the treatments were
equally effective. But lambing rates were still lower than
the conception rates. Thie was in contrast to the findings

of Maxwell {1987) and Maxwell et al., (1984). Beside the
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cervical and intrauterine insemination atter astrus
synchronization, another group of ewes were inseminated
following natural estrus. This last group was used to shed
more light whether the estrus synchronization and use of PMSG
had adverse effectse on fertility of the eswes, at the first
oestrus.

From the results obtained in the last group of ewes the
non—return and lambing rate were better than other fertility
tests.

In the earlier fertility tests involwing intrauterine
insemination most of the ewes checked at the time of insemi-
nation (about S0 h after sponge withdrawal) had not ovulated.
This was in contrast to the +findings of Maxwell et al.,
(1984)qnd Eppleston and Roberts (1987). This showed that what
was obtained with other breeds of sheep might not necessarily
apply to the Yankasa especially the time of ovulation follo-
wing the first signs of estrus.

The ewes used in these fertility teste were from an
intensive breeding programme for twice-yearly lambing.
Estrus synchronization was carried out virtually 2-3 weeks
post-partum. The ewe response to the synchronization compare
to the findings of Van Niekerk (1979) and Osinowo and Ekpe
(1985). But the wultimate fertility was below expectations
though this compares with result obtained by Nel (1945) with
Karakul ewes. Some investigators (Van Wyk, et al., 1972;
Gould yearly lambing programme indicating low conception
following early rebreeding. This led to the conclusion that
the ewes in these experiments were not given enough time for
complete physiological normalcy in the reproductive tract to
return before rebreeding. This might have accounted for the
low fertility following artificial insemination with frozen/—
thawed spermatozoa. Since the ewes inseminated following
natural estrus had better lambing rates indicated that after
estrus synchronization the ewes should be bred at the second
estrus. Also the non-return inclusion of PMSE treat-ment

improve on the fertility of the Yankasa ewes.
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&.0 BGENERAL DISCUSSION

A comparative evaluation of cryoprotective compounds
for deep freezing of ram spermatozoa in Tris diluent has been
carried out in this thesis. When cryoprotective agents were
used singly, glycernol and erythritol were found to be supe-
rior to ethylene glycol, acetamide, DMSD and polyethylene
glycol-400 with regard to post-thawing recovery rate of
frozen ram spermatozoa. When more than one cryoprotective
agent was used for deep freezing of ram spermatozoa, the post
thawing survival rate was best improved by glycerol and
erythritol combination. When cryoprotective agent substitu-
tion technique was tried, ethylene glycol replaced by eryth-—
ritol was found to be superior to other substitutions.

In fertility trials, the results were generally poor.
No significant difference was found in lambing rate among the
cryoprotective agents examined. Erythritol, ethylene glycol
and glycol gave equally poor results.

In the cryoprotective compounds screening (chapter 2),
glycerol, erythritol glycol were found to give good post-
thawing survival rate. However, glycerol showed the best
survival rate. The effects af cryopratective agent concent-
ration, dilution rate and incubation time were examined. The
factors examined in these studies could not work independen-
tly of each other. I1If one factor has no direct effect, it
might have interactive effect with the other factoris). As a
result no single factor can be changed without possibly
affecting other factors. Though the type and concentration
of cryoprotective compounds had direct influence on survival
rate, interaction with other factors such as dilution rate
and incubation period were also obtained. However, 0.5 M was
found to be the optimum concentration of cryoprotective
agents while dilution rate of 124 (semen: diluent, v/v) was
the best.

Apart from the conventional freezing technique of using
single cryoprotective compounds, ram spermatozoa was found to
withstand the effect of combination and substitution of
cryoprotective agents (Chapters 3 and 4). The post—thawing
survival of deep Frozen ram was improved when glycerol and
erythritol were combined in the diluent. Also when ethylene
glycol was used as initial cryoprotectant and later replaced
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by erythritol as +freezing cryoprotective agent the post-
thawing survival was improved. These two techniqgues
(combination and substitution) were carried out using two-
step dilutiaon.

Though erythritol has lower osmotic pressure compared to
both ethylene glycol (appendix 2) at 0.5 M, the ram sperma-
tozoa tolerated the change 1n osmotic pressure. Since
glycerol ‘s mode of action is by penetration and it was
included in the initial dilution, the subsequent centrifu-
gation after cooling might not have removed all the glycerol,
as some would have penetrated the sperm cells, as such in the
second suspension, any compound of lower osmotic pressure
might not have detrimental effecte on the sperm cells due to
the residual effect of glycerol. In contrast to the findings
of Dsinowo (1975) with boar spermatozpa, when erythritol was
replaced by glycerol or ethylene glycol the post-thawing sur-
vival , though not as good as when glycerol or ethylene glycol
were used as initial compounds, was better than the control
or when glycerol was substituted by DMSD. This showsad that
the sequence in which cryoprotectants are brought in contact
with spermatozoa before freezing is very important.

With the combination and substitution of compounds no
significant decline in post-thawing was observed during the &
h incubation period, compared to single compounds used in the
initial experiments (chapter 2). This finding 1s of import-
ant in artificial insemination when frozen-thawed semen is
used. With deep—frozen thawed ram spermatozoa it was not
possible to categorize the acrosomal damages as they appeared
uniform irrespective of cryoprotective used. However , the
live percentage was similar to the post-thawing motility
throughout the incubation period.

In this study it was established that ram spermatozoa
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could be deesp—frazen at high concentration of up 2=2107
cells/ml without much detrimental effect on post-thawing
survival. This gives an opportunity of using a smaller
insemination dase in terms of volume at the same time having
the desired number of spermatozoa.

From the +ertility tests in chapter 4, the results were
not as good as expected. The failure to achieve the desirad
goal could be attributed to various factors such as ovulation
time, synchronization, PHMSG treatment, heat detection and
animal handling during insemination. Though perfection in
deep +freezing techniques of ram spermatozoa might not be far
from being achieved but, systematic studies are needed on the
factors enumerated above. Most of the earlier investigations
were carried out on temperate breeds of sheep with seasonal
breeding. What was obtained with them might not be true with
the tropical breeds of sheep. The exhibition of signs of
heat following estrus synchronization and PMSG treatment did
not result in ovulation as expected (Maxwell, 1983; Maxwell
et al., 1984). However , ovulation wmight have taken place
much later than what were reported. From the surgical intra-
uterine insemination, it was observed that ewes did not ovu-
late up to SO h after sponge withdrawal. Since cervical
insemination was performed barely 9 h and 24 h after the
onset of heat, this might explain the failure to achieve the
expected conception rate. The use of FMSE at S00 IU on
Yankasa sheep influenced the animals to show signs af heat at
about 24 h after sponge withdrawal, but the ovulation rate
Was Very poor. From the fertility tests carried out, the
non-return and lambing rates were better when PMSGE was not
used at all.

Generally in all the fertility tests the non-return

rates were higher than lambing rates. This difference
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indicated that the animals probably conceived but the
preqanancies were terminated. Return to heat follawing
insamination with frozen ram semen were alco reported by Edey
(19786 and Halamon et al., {(1979) . From these +findings
being the outcome of Ffertility tests on non-return rates may
be misleading. A remarkable finding in this study was the
identification of substitutes +to glycernl for deep freezing
ram spermatozoa. Either erythritel or ethylene glycol ecculd
be usaed since glycerol has been incriminated as a contra-
ceptive in gilts (Neville, et al., 1970). Recently, Slavik
{1987) reported glycerol to accelerate acrosomal reaction in

the ram spermatozpa leading ta poor conception rate.



20

Table 2.1.1 Analysis of variance summary: The effecte of
glycerol level and dilution rate on post-thawing
survival of deep frozen ram spermatozoa (Expt 1)

Source df MSs

Glycerol concentration (BC) 3 417. 5%k
Dilution rate (DR) 2 A3_.0n.s
Incubation time (IT) 3 {37 . T#%%
2-way interaction GC x DR & 59. 3exx
Remainder, 2-way interactions 15 &6£.2ns
3-way interaction GC x IT % DR 18 10.%9n.s
Residual 96 15.3

%% P<L 0.001
n.s Non-significant

Tablae 2.1.2 E#fects of glycerol concentration and dilution
rate on post—-thawing motility of ram spermatozoa

(Expt. 1)#
Glycerol concent-— Dilution rate (v/v)
ration (M)
1: = 135 1:7 Mean
0.0 11.5%% 16.3 12.1 13.2
0.5 16.7 25.0 25.7 22.8
1.0 20.8 21.0 22.1 21.3
1.5 20.6 17.1 17.1 18.3
Mean 17.4 19.9 19.5 18.9

* Glycerol concentration x dilution rate interaction
(P ¢ 0.001)
*% L motile sperm
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Table 2.1.3 @nalysizs of variance summary: Effects of DMSO
caoncentration and dilution rate on post-thawing
motility of deep frozen ram spermatozoa (Expt 2)

Source fe 2 MS

DMSOD concentration (D) 3 ' 227 b . SHES
Diiution rate (DR) 2 21G6.7n.s
Incubation time {(IT) 32 865, Q#*#
2—way interaction GC xDR & 53, 54ue
Remainder, Z-way interactions : 15 i?.bns
2-way interactiopn GC » IT u« DR 18 10.2n.=
Residual 94 19.1 S

+ P { 0.05
*x% P < 0,001 ode
n.z Non-significant

Table 2.1.4 Effects of dimethyl sulphoxide concentration and
dilution rate on post-thawing motility of ram
spermatozoa (Expt. 2)% '

M5S0 roncentration Dilution rate (semenddiluent, v/vi
{Mi
1:3X 1S 1:7 Mean
0.0 Q.7 17.5 21.7 _ 1.3
0.5 12.5 12.5 1.2 1%.1
1.0 4.7 7.1 L.2 5.9
1.5 1.7 2.8 3.3 2.5
Mean T 9.9 11.3 .5
* DMSO concentration x dilution rate interaction
iP < 0.05)

*% Values are % motile sperm
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Tabhle 2.1.5 Analysis of variance summary: Effects of erythrito
and dilution rate on post—-thawing levels
survival of deep frozen ram spermatoroa {(Expt 3)

Source L df _ MS

Eryvihriltol concentration {(EC) X 35, 7T E%%
Dilution rate (DR) 2 i.0n.s
Incubation time (IT) 3 221 . JFxew
2-wav interaction GC xDR 21 T.1ln.s
Pooled 3-way interaction 18 G.in.e
Residual s : A4

#u¥ P £ 0,001
n.s Non—-significank

Table 2.1.6 Analysis of variance summary: Effects of
ethylene glyeol and dilution rate on post—thawing
motility of deep frozen ram wpermatozoa (Expt 4)

Source ar S MS

Ethylene glycol concentration (EC) 3 402, 1 %%
Pilution rate (DR) -2 II3.F%n
Incubation time (IT) z . BBA.TaERa
2-way interaction DR x EC & 14.8%
Remainder, 2Q2-way interactian 15 . B.0n.s
I-way interaction DR x EC x IF 8 15_Bxxx
Residual : o4 5.7
*» P < 0.05

¥ P < 0.01
*#3% P J 0001
rn.s Non-significant
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Table 2.1.7 Effects of dilution rate, ethylene glycol
concentration and incubation period on post-
thawing motility of ram spermatozoa (Expt. 4)#%

Dilution Incubation Ethylene glycol concentration (M)
rate time (h)
0 0.5 1.0 1.5 Mean
1.3 0O 13.3 18.3 18.3 15.0 16.2
2 io.0 1B.3 18.3 113 15.0
a4 5.0 13.3 1Z.0 10,0 10.3
) 0.0 8.3 10.0 5.0 5.8
Mean 7.1 14.56 15.0 10.8 10.9
0 10.0 18.3 165.7 ¥XuF 14.2
2 10.0 146.6 15.0 ib. 6 14. 46
4 &.7 15.0 13.3 11.7 11.7
& S.0 5.0 6.7 3.0 5.4
Mean 7.9 13.8 12.9 11.3 11.3
1.7 0 10.0 21.7 16.7 13.3 15.4
2 10.0 15.0 15.0 11.7 12.9
4 50 3157 ) ¥ 8.3 9.2
b 2.5 5.0 3.0 P, | 4.0
Meaan 7.0 13.3 12.4 9.2 10.4
Overall Mean 7.4 13.9 13.3 10.4 11.5

# Dilution rate x ethylene glycol concentration x incubation
period interaction, P < 0.001.

Table 2.1.B Analysis of variance summary: The effects of
acetamide level and dilution rate on post—-thawing
survival of deep frozen ram spermatozoa (Expt 5)

Source df ™MS
Acetamide concentration (AC) 3 S44, Seaw
Dilution rate (DR) 2 ?4.3n.s
Incubation time (IT) S 1145, S#s
2-way interaction DR x AC & 106, 2%
Remainder, 2-way interactions 15 3S5.6n.8
Z~way interaction DR x AA x IT i8 1B.8n.s
Residual 96 28.7

#* P < 0.05

#+* P < 0.01
#4% P < 0.001
n.s Non—-significant
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Table 2.1.9 Effects of dilution rate nd acstaside concent-—
ration on post~thawing motility of ram
gpermatozoa (Expt. S)#

Aretamide concent— _ Pilution rate {v/v)
ration (M)

1:3 1:5 1:7 Mean

0.0 L7 2.5 .3 4.0

0.5 18.0 g.8 7.5 8.8

1.0 8.8 2.6 7.5 B.&

1.5 4.2 2.8 5.4 &.1

Mean 7.8 7.4 &H.0 &9

* Glycerol cancentration v dilution rate interaction,
iF < 0.05)

Table 2.1.10 Analysig of variance summary! Effects of
PEG~-&600 concantration and dilution rate on
post~thawing survival of ram spermatazaa deep
frozen {(Expt &)

Source . df Ms

PEG—&00 (PEBE) concentration 3 22T, 5%En
Dilution rate (DR} 2 D.4n.8
Incubation time (IT) = 21. Zxxx
2-way interaction PEGC x AE & 1375, Q#4a
Remainder, 2-way interactions i5 . 22.5n.s
S-way interaction PEGC % DR = IT i8 14.9n. s
Regidual B4 26.9

*#¥% P < O, 001
n.s Non—-significant



Table 2.1.11 Effects of polvethylene alycol-400 concentra-

tion and dilution rate on post-thawing motility
of deep frozen ram spermatozoa (Expt. S)#

Acetamide concent-
ration (mM)

Dilution rate (v/v)

1:3 1:5 1:7 Mean
0.0 10.B%= 4.6 1S 5.5
3.0 1.3 17.9 &.7 B.&
&.0 1.3 1% 15.4 6.0
9.0 7.9 1.3 1.6 . P
Mean 5.3 5.3 5.3 &.0

# PEG-600 x dilution rate interaction, (P < 0.05)

##% Percentge of motile sperm
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Table Z.1.1 Analysis of variance summary: Effects of
level of glycerol and erythritol on post-thawing
survival of ram spermatozoa deep frozen in Tris
diluent (Expt. 1)

Source df MS

Cryoprotective agent (CA) 1 272.2%%%
Cryoprotective agent concentration (CC) S 4BL . Twuw
Incubation time (IT) 2 208, T#%
2-way interaction, CA x CC 3 S59.0#%

Remainder, 2-way interactions 8 11.8ns
I-way interaction CA x CC x IT ) ?.8n.s
Residual 48 12.9

#« P < 0,05
##% P < 0,001
n.s Non—-significant

Table 3.1.2 Effects of type and concentration of cryopro-
tective agent on FPost-—thawing motility of ram
spermatozoa (Expt. 1)#

Type of cryo- Concentration of cryoprotectvie agent (M)

protective

agent 0:0 0:2 0:4 0:6 Mean

Glycerol 20. &xn 39.4 42.8 43.9 36.7

Erythritol 28T 31.7 29.4 37.8 30.2
Mean 21,32 35.6 36,1 40.9 33.4

* (P < 0.05)
#% L motile sperm
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Table 3.2.1 Analysis of variance summary: The effect of
glycerol and erythritol levels and dilution rate
on post—thawing motility of deep frozen ram
spermatozoa (Expt. 2)

Source df MS

Type of cryoprotective agent (CA) 1 49, L% %%
Dilution rate (DR) 1 1276 2%%%
Cryoprotective agent concentration (CC) 3 1179.9%%%
Incubation time (IT) 3 595. O###
Z2-way interaction CA x CC 3 173.9%%#
Remainder, 2-way interactions 19 17.4n.s
Pooled 3Z-way interactions 24 13.6n.s
4-way interaction, CA x DR x CC x IT 9 11.0n.s
Residual 128 15.8

*%* P < 0.001
n.s Non-significant

Table 3.2.2 Effects of type and concentration of cryoprotec-—
tive agent on post—-thawing motility of ram
spermatozoa deep frozen in Tris diluent (Expt.2)#%

Type of cryo- Concentration of cryoprotectvie agent (M)

protective

agent 020 0:2 O:4 O:&6 Mean

Gl ycerol 11.0%% 22.9 31,3 24.8B 23.0

Erythritol 10.6 18.3 16.5 16.0 15.4
Mean 10.8 20.6 23.9 21.4 19.2

- Type of cryoprotective agent x cryoprotective agent
concentration interaction (P <{ 0.001)
#% Y motile sperm



98

Table 3.3.1 Analysis of variance summary: Effects of
level of glycerol, erythritol, acetamide and
ethylene glycol and thawing temperatuwre on post-
thawing survival of ram spermatozoa deep frozen
in Tris diluent {(Expt. 3

Source d+ mMs
Type of cryoprotective agent (CA) 1 1189, IB#*#
Thawing temperature (TT) 2 84, 77 %%
Incubation time (IT) 3 7657 .97 %%%
2-way interactions, CA x TT 8 54 0T%%%
CA x IT 12 Sb6. 7B# %%
Remainder, Z2-way interactions & 15.05n.s
Z-way interaction CA »x TT x IT 24 1S.é6n.s
Residual 120 16.28

*%#% P < 0.001
n.s Non-significant

Table 3.3.2 Effects of cryoprotective agent and thawing
temperature on post-thawing motility of ram
spermatozoa (Expt. Z)#

Type of cryo- Thawing temperature (*C)
protective
agent 27 37 47 Mean
Control 10. %% 12.9 19.2 13.2
Glycerol 5 P 3.8 36.2 33.8
Erythritol 20.4 22.5 22.1 21.7
Acetamide 16.4 19.2 21.3 17.0
Ethylene glycol 23.8 2.1 29.6 28.5
Mean 21.5 26.9 27.3 25.3
* Type of cryoprotective agent x thawing temperature

interaction (P < 0.05)
##% Y motile sperm
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Table 3.3.3 Effects of cryoprotective agent and incubation
time on post-thawing motility of ram spermatozoa
deep frozen in Tris diluent (Expt. Z)#

Type of cryo- Thawing temperature (*0C)
protective
agent (8] 2 4 & Mean
Control 16.1%% 12,7 20.5 &.6 14.0
Gl ycerol 8.8 41.6 20.0 24.4 33.7
Erythritol 25.0 272 i7.8 16.7 2.7
Acetamide i7.8 22.2 15.6 12.2 17.0
Ethylene glycol 35:3 37.8 25.0 17.8 28.5
Mean 28.7 32.2 22.1 17.8 25.3

* Type of cryoprotective agent x incubation time
interaction (P < 0.0G1)
##* 7 motile sperm

Table 3.4.1 Analysis of variance summary: Effects of
initial dilution rate and freezing concentration
on post-thawing survival of ram spermatozoa deep
frozen in Tris diluent (Expt. 4}

Source df M5
Freezing concentration (FC) = Db, TB***
Incubation time (IT) 3 139. 4% %%
Initial dilution (1D} 2 1Z.97n.s
Pooled, 2-way interactions 21 12.28n.s
3-way interaction, FC % IT x ID 88 6.02n.8
Residual 96 14.83

*%% P < 0.001
n.s Non-significant



180

Table 3.5.1 Analysis of variance summary: The effecte of
type and temperature of addition of cryopro-
tective compound on post-thawing survival of ram
sparmatoroa in tris diluent (Expt. SOw

Source odF Ms
Cryvoprotective agent (CA) 3 1418, &% 4
Treatment (TR) 3 E5590. 42%%%
Incubation time (IT) 3 534, 8F4#%
2-way interaction CA x TR ; k4 Z279.29%%%
Remainder, 2-way interactions 18 29.99n. o
J-way interaction, TA = TR = IT . 27 28.10n.s
Rezidual ' 128 25.47

*ud P < G001
n.s Non—significant

Table T.5.2 The effecis of type and temperature of addition
of cryoprotective compounds on post-thawing
survival of deep frozen ram spermatozoa in Tris
diluent (Expt. S)#*

Cryoprotective Treatmentg?
compound
i 2 3 4 Maan

Blycerol . ZE 7.1 28.8 37.% 24.3
Erythritnl 4.7 29.2 27.9 22.9 20,0
Acptamide 7.b io.8 .3 io.8 7.5
Ervthritol 2.5 18.3 20.8 24.2 155

Mean 4.5 21.4 21.0 23.9 17.1
* Type of cryoprotective compond x temperature of cryo-

protecrtive compound addition interaction (F < 0.001)
¥+ Y motile sperm
1Treatmentc:
1. No cryoprotective compound
2. Cryoprotective compound at J0*C
2. Crvoprotective compound at 5"C
2. Cryoprotective compound at 3Z0°C and S*C
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Table 4.1.1 Summary of analysis of variance: The effects
of combination of cryoprotective compounds on
post~-thawing swvival of ram spermatozoa deep
frozen in Trie diluent (Expt. 1)

Source : . _ d+f ms

Type of cryoprotective agent combination {(CACY 7 1201, 68%%%

Incubation time (IT) 3 G135, 88Fx%
Z2-way interaction CAC x IT _ 23 12.72n.s
Residual _ Q6 12.99

e * (P < 0.001Y
n.s Non—-significant

Tabie 4.1.2 Effect of cryoprotective agent combination
on post~thawing survival of ram spermatozoa
deep frozen in Tris diluent (Expt. 1)4#

cryoprotective % of motile
agent combination : sparmatozoa
Mo crvoprotective agent : 8.4

Gl yvcerol : 4.5
Ethylene glycol 32.8
Erythyritol : ' 229.7
Glyceral + Ethylene glyeond 40,6
Glvcerol + Erythritol ' 4L, 3
Erythritol +Ethylene gliycol - 37.2
Glycernl + Ethyiene glycnol + Erythritol 8.8

# (P < 0.001)



102

Table A4.2.1 Summary of analysis of variance: Effects of
sequential replacement of cryoprotective
compounds on post-thawing survival of deep
frozen ram spermatozoa in (Expt. 2)

Source df mes

Initial cryoprotective agent (ICA) b 1527.74%%%
Final cryoprotective agent (FCA) 3 60.93n.s
Incubation time (IT) 3 2381 . 15%%+
2-way interaction ICA x FCA @ Z259.S5%%%
Remainder, Z-way interaction i8 18.00n.s
ICA » FCA x IF 27 8.56n.s
Residual 128 22.09

*#%% (P < 0.001)
n.s& Non-significant

Table 4.2.2 Effects of cryoprotective agent combination:
Interaction hetween initial and final
cryoprotective agents (Expt. 2)*

Final cryoprotective Intial cryoprotective agent
agent

Glycerol Ethylene Acet- DMSD Mean
Glycal amide

Glyceraol Ih.T** 36.3 123 14.2 24.8
Ethylene glycol 34.2 30.4 25.0 17.5 26.8
Acetamide 30.4 23.3 22.9 29.2 3.7
DMSO 40.4 25.8 16.3 15.3 24.0
Mean 5.4 29.0 19.1 18.5 23.3

# (P < 0.001)
#%# /L motile sperm.
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Table 4.3.1 Analysis of variance summary: The effects of
sequential substitution of cryoprotective
compound on post-thawing motility ram spermato-
zoa deep frozen in Tris diluent (Expt. 3)*

Source df ms
Initial cryoprotective agent (ICA) a 484 . 50% %%
Final cryoprotective agent (FCA) E O36.21%%%
Incubation time (IT) 3 2450, 5% %%
2-way interaction ICA x FCA 16 T3.52#%
Remainder, 2-way interaction 24 21.8%9n.¢
I-way interaction ICA x FCA »« IT 48 15.35n.8s
Residual 200 29.85n.s

s P < 0.005
%% P < 0,001
n.s Non-significant

Table 4.2.2 Effects of initial and final cryoprotective
agents on post-thawing motility of ram sperma-
tozoa (Expt. 3) "™

Final Intial cryoprotective agent
Cryoprotective

agent Glycerol Ethy. Acet— DMSO Ery. Mean
glycol amide

Glycerol 32.7 %% 23.8 15.8 21.1 32.1 25.2
Ethylene glycol 23.8 22.9 16.7 15.8 26.7 21.2
Acetamide 25.8 23.3 2.9 13.3 24.2 19.2
DMSO 19.2 15.0 16.8 14.2 16.7 15.2
Erythritol 292.6 24.6 21.3 14.6 20.8 22.2
Mean 26.3 21.9 14.8 15.8 24.1 20.46

* P < 0.00S5
*% /L motile sperm.
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Table 4.4.1 Summary of analysis of variance: Effect of
substitution of cryvoprotective compounds on
post—-thawing survival of ram spermatozoa deep
frozen in Tris diluent (Expt. 4)

Source df ms
Cryoprotective agent substitution (CAS) 7 124 _88#%%
Incubation period (IT) 3 345, 57 %%%
2-way interaction CAS x IT 21 9.93n.s
Residual &4 2.85

%% P < 0.001
n.s Non-significant

Table 4.4.2 Effect of cryoprotective agent substitution on
post—thawing survival (Expt. 4)

Cryoprotective agent substitution Motility %
Gl ycerol /DMSO 17.53
Glycerol /61 ycerol 26.7
Ethyl glycol /Ethyl. glycol 213
Glycerol /Erythritol 30.0
Erythritol /Gl ycerol 22.1
Ethyl. glycol/Erythritol 28.B
Acetamide/gl ycerol 23.8
Erythritol /Ethyl. glycol 17.5
Mean 23.4

#» P { 0.001



105

Table 4.4.3 Analysis of variance: The effect of cryopro-
tective agents substitution on post-thawing
live/dead percentage of frozen ram spermatozoa

(Expt. 4)=
Source df ms
Cryoprotective agent (CA) 7 138, 50%%%
Incubation time (IT) S Z13.6F% %%
2-way interaction CA x IT 21 11.08n.s
Residual &4 19.57

#%% P £ 0.001
n.s Non-significant

Table 4.4.4 Effect of cryoprotective agent substitution on
post~thawing percentag of live spermatozoa

(Expt. &)

Cryoprotective agent (CA) substitution

% live sperm

Gl ycerol /DMSO
Glycerol /Gl ycerol

Ethyl. glycol /Ethyl. glycol
Glycerol /Erythritol
Erythritol /Gl ycerol

Ethyl. glycol /Erythritol
Acetamide/gl ycerol
Erythritol /Erythritol

12.9
24.7
20.0
22.4
20.3
18.3
18.7
11.9

= P < 0.001
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Table 4.484.% Summary of analysis of variance:r The effect of
af sequence ¥ cryoprotective agents substitu-
tion an post-thawing acrosomal membrane damage
af froazen ram spermatoraa (Expt. 4)

Source d+ ms
Cryoprotective agent substitution (CA) 7 50,90
Incubation time {(IT) S 28 .568Nn.8
2~way intepraction EA 2 IT : 21 1X.90n.s
Residual ' 54 17.42

#* F < 0,005
n-€ Non-significant

Table 4.4.46 Effect of cryoprotective agent substitution on
acrosome damage of frozen ram spermatozoa

{(Expt. 4i#%

Cryoprotective agent substitution Damaged &crosome, U
Gl ycerol /DMSH 22.3
Glyrerol /BGlycerol _ 2%. 4
Ethyleane glycul/Etherne gl ycol 28.3
Blyceral /JErythritol _ ' 22.9
Erythritol /Gl ycerol L 25.2
Ethylens glycol /Blyceral h : 30.3
Acetamide/Glyceral . i 27.8
Erythritol /Erythritol o 31.3
Mean ' 26.7

@ P < OL05

Table 8.5.1 Analysis of variance summary: The effect of
cryoprotective compountds treatment on post-—
thawing survival of deep frozen spermatozoa in
{Expt. Si#

Source _ odf m=
Cryoprotaective agent subgtitution (CAS) 4 145, Qh%%s
Incubation period (I7) 3 54.Q1&4
2-way iaterarction, CAS w IT 12 Z21.54n.5
Residual : &0 13.94

#% F £ 0,005
e P < 0,001
n.s Mon-significant
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Table 4.5.2 Effect of cryoprotective agent substitution on
survival of deep frozen ram spermatozoa

(Expt. S)#
Cryoprotective agent substitution Motility %
Glycerol /Glycerol 40.0
Blycerol /Erythritol 33.1
Ethylene glycol /Erythritol 2.5
Acetamide/gl ycerol 31.6
Erythritol /Erythritol 25.9
Mean 32.56

* P < 0.001

Table 4.5.2 Analysis of variance summary: The effect of
sequential replacement of cryoprotective agents
on post—-thawing live/dead proportion o+ frozen
ram spermatozoa (Expt. 5)#%

Source d+ MS

CA substitution (CAS) 4 J4Z . T7new
Incubation time (IT) 3 88, 1 Geee
2-way interaction, CAS x IT 12 X2.14n.s
Residual &0 28.29

*%% P < 0.001
n.s Non-significant

Table 4.5.4 Summary analysis of variance: The Effect of
substitution of cryoprotective agents on
post—-thawing acromosal membrane damage of frozen
ram spermatozoa (Expt. S)#*

Source df ms
Cryoprotective agent (CA) a4 1Z.83n.s
Incubation time (IT) 3 7846, 5%""
2-way interaction, CA »« IT 12 6.07n.s
Residual &0 11.76

%% P < D.001
n.s Non-significant
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Table 4.6.1 Analysis of variance summary: The comparative
effects of combination and substitution of
cryoprotectants on the post-thawing motility of
deep frozen ram spermatozoa (Expt. &} %

Source df ms
Cryoprotective agent treatment (CAT) a 33.26™"
Incubation pariod (IT) 3 S SSree
2-way interaction, CAT x IT 12 12.50n.s
Residual 40 7.02

#% P < 0.005
*¥% P < 0.001
n.s Non—-significant

Table 4.6.2 Effects of cryoprotective agent treatment on
post—-thawing survival of spermatozoa (Expt. &)#%

Cryoprotective

agent treatment Motility, %L
Combination

Glycerol + ethylene glycol 27.1
Glycerol + erythritol 34.6
Substitution

Glycerol /Gl ycerol 31.7
Glycerol /Erythritol I0.8
Ethylene glycol /Erythritol 31.3

Mean 31.1

" F < 0.005

Table 4.6.3 Analysis of variance summary: The effects of
cryoprotectant treatment on post-thaw live/dead
proportion of frozen ram spermatozoa (Expt. &)#%

Source d+ ms
Cryoprotective agent (CA) s 45.96n.s
Incubation time (IT) S 83.83n.s
2-way interaction, CA x IT 15 50.93n.s
Residual 48 28.51

n.s Non-significant
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Table A4.5.4 Summary of analysis of variance: The effect

- of cryoprotective agents treatment on acromosal

membrane damage of frozen spermatozoa (Expt. 634

Source af nE
Cryvoprotecktive ageant (TCA) = S2.ITEER
Incubation time (IT) k.4 137.50%x4%
2-way interaction, €A x IT 15 25, 5944 %
Residual 48 4_.90

*¥¥% P < 0,001

Table 4.4.5 Effects of cryoprotective agent and incubation

time on acraomaosal membrane damage of frozen-

thawed ram spermatozoa

{Expt. &)

Crvoprotactive agent
cambination and

substitution

Incuhation time {h)

& & Mean

Eontrol

Blycernl + Ethylene glycol
Glyceral + Erythritol
Blyceral /Gl yceral

Blycerol JErythritol
Ethylene glycol /Erythritol

21.3 19.3 16.4
1.0 17.3 14.8
15.3 22.0 4.4
21.0 24.0 21.7
1T.0 24.0 17.2
21.7 27.0 20.9

Moean

ig.9 22.3 17.9

* P < 0,001

#* ¥ motile =perm
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Tabte §.1.1 Effects of type of eryoprotectant on 21-day non-return
rate and laabing rate follewing cervical insesination
with frozen ras spermatozoa iTrial No. 1)

Cryopre-  No. of ewse YNo. of ewes No. of ewes Hon-return Lambing

tectiva  inseeinatad not return- lashing rate, I rate, i
agent ing to heat

atter 21 days
Blycerp) 17 é 2 35,3
Erythritol 17 b 2 35,3 .
Control 17 1 14 98,2 82.4

+ Netural mating

Table 5.2.1 Effects of crvaprotective sgent treateent on the 21-day
nor-reburn laabing rates following cervical incomination
with érpzen ram cemen (Trial Mo, 20

Cryopro~ Mo, of awes Ho. of ewec Ho. of ewes Non-retorn Lasbing

tective  inseminated not retwrn- laabing rate, 1 rate, %
agent ing ta heat

treataent after 21 days

Biycarcl 1 2 b 20.0 0
Erythritol it i i 9.1 b
Glyceral +

Erythritel H 0 ] 0.0 0
Ethyleona : : o
alycolf '

Erythritel 11 3 0 213 0
Control # 7 2 § 7.4 3t

+ Cryppratective compound Coasbination
i Cryoprotective cospound substitution :
¥ Ratural sating |

Table 5,2.2 Edfects of crvoprotective agent treatepnt on the 2i-day
non~return lasbing rales after intrauterine insesinstion
with frech ran cesen (Trial No. D)

Samen He. of ewes No. of ewss No. of owes MHon-return Llashing
treataent inseminated not retore- lashing rate, 2 rate, 2
ing at 21
days
Fresh seaen 3 2 i 30 5
Blycerol 5 2 0 W 0
Erythrital | | ¢ - (]
Slycarol # E
Erythritol 5 2 2 % . 0
Ethyiane - i
qlycol/
Erythritol 5 0 0 0 b
+ = coabination o
{ = substitution ' :
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Table 5.3.1 Effects of cryoprotective sgent treatment on the Zi-day
non-return and lasbing rates foilowing cervical insesi-
nation with frozen ram sesen t7rial No. 20

Sewon Wg. of ewes Yo, of ewes No. of ewes conception lambing
treatsent inseainated not return~ Jaahipg rate 1 rate 1
ing at 2
days
tlycernl d I ] 2 b
Erytheitol 5 . I f 1.4 D
Slyceroal +
Erythrital 7 0 ] 0 0
Ethylene f
glycol/
Erythritol 7 0 0 5 b
Eontral 7 1 b 2.9 i

+ = Cosbination
/ = Substitetion
# = Natura) aating

i
Table 5.5 EHfects of cryoprotective agent treatient on the 21-day

non-raturn and Lasbing rates following intrauterine
insemination of sxes with froren ra sporgatezna (Tria) D

fryopro- Ho. of ewes Ho. of ewes NWo. of ewes HNon-return Laabing

tective  inzeminated not return~ laabing rate; 1 rate, 1
agent ing st 21

days
Slycersl 3 2 ] 1 4
Erythrital 5 2 1 4 20
Blyceral +
Erythrital s 2 1 0 »
Ethyima o
glycol/ ' ' i C
Erythrital § 2 1 40 2

[, ]
f2%
(=
g__.
g

Fresh soean

+ = raghbination
! = substitetion
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Table 5.4.1 Effects of cryoprotective agent treatsent on the 21-day
non-return and lasbing rates following cervical insemi-
nation of ewes with frozen ram sseen {Trial &)

Seasn No, of ewes No, of ewes Mo, of swes Non-return Yasbing
trestrent insasinated nob return- laabing rate rate
ing to heat ¥4 {X)
after 21 days '
Blycaroi n 3 1 7.3 9.1
Erythrital 1} 0 b 0.0 0.0
Blycera] + ' _ :
Erythritol 10 2 ] 0.0 ¢.0
Ekhylene
glycal) : :
Erythrital H 5 2 54.5 18.2
fontrels 1o 1 8 100,0 38,0

+ = Combinztion
! = Substitution
¥ = Natural mating

Table 5.4.2 [onception rate based on 2i-day non-return and Yaabing
rates +ollowing intrautering insemination of ewes with
frozen ras semen in single and rombined crysprotective
agents [Trial 4! :

Semen Ko. of ewas No. of ewes No. of ewss conception laabing

treatment inseminated not return- lambing rite rite
ing ta heat {i) {2
#ter 2 days '

B8 ycersl i} Z 9 40 0

Erythritol 5 3 | ) 20

Blyceral +

Erythritol 5 ; i 40 20

Ethylene :

glycal/

Erythritol 3 3 1 50 20

Fresh seasen 5 3 ¢ & 0

+ = rombination
= substitution
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Tabie 5.8.7 Lambing rate following inseeination with frazen ras
sper&atozea atter natural ectrus in siogle and coshined
cryaprotective agents {Trial 4b)

Samen Mo. of ewez Hon-return  MNo. of swes conception lasbing

troeztaent inceminated tazking rate rate
t1) 4

Blytersl 10 1 5 0 %0

Erytheital 18 5 2 5 2

Elyeernl +

Ervthrital 11 7 1 83 §

Ethylens

glytol/

Erythrital 10 2 2 2

Controls 16 7 4 N 0

+ = Coabination
I = Substitution
¥ = Ratural aating
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APPENDIX 1

Chemicals included in the diluents were analytical
grade, except where otherwise stated in the list given below.

Name of chemical Mol. Wt

Manufacturse

Tris {hyrdoxymethyl aminomethans 1Z21.14

Citric acid 210.14
Glucoce 180.14
Glycerol F2.10
Erythritol 122.12
Acetamide 59.07
Ethylene glycol &2.07
Polyethylene glycol &00. 00
Dimethyl sulphoxide (DMB0O) 78. 13

Panicillin
Streptomycin sulphate

Diluent composition per 100 ml

Tris 300. 060
Citric acid 24,70
Hlucopse 27.75
Egg volk 15.00
Penicillin 1000. 00

Streptomycin 1.00

Figher
Analar
Analar
Analar
BDH
EDH
EBDH
Bigma
Analar
Blaxo
Balenika

mM

mM

mM

par cent
In/ml

mg/ml



APPENDIX 2

Crvoprotective agent concentration, ocsmotic pressure, and pH
in Tris diluent use for freezing ram spermatozoa

Cryaoprotective agent Concentration Osmotic Pressure pH
(CA> (M) {mO=m)

Eontrol no CA - l10.0 h. 69
Glycerol 0.5 13562.0 &.70
Glycerol i.0 ND b. &5
Acetamide 0.5 1.7 b.bb
Acetamide 1.0 1343. 6 L5.&7
Ervthritol 6.5 IIL.G 6. 63
Erythritol 1.0 1522. 4 &. L2
Ethylene glycol C.5 1144.6 b.b6b6
Ethylene glycol 1.0 ND &.464

ND = Not determined
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APPENDIX 3a

The factorial design for experiments 2.1 to 2.4 was as

follows:

Factors 4 « 3 4 = 3
1. Cryoprotective compound levels: ¢.0 v 0.5 v 1.0 v 1.5 M
2. Dilution rates: 1:3 v 1:5 v 17 (semenzdiluent, v/vi
3. Incubation time: O v 2 v 4 v & h
4, Replicates: Three replicates from poocled semen
In pupariment 2.6 the factors were as above except the

cryoprotective compund levels which were as follows:

Polyethylens glycol-600 levels: 0.0 v 3.0 v 6.0 v 2.0 oM
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AFFENDIX Zb
The factorial design for superiments 3.1 to 3.5

Expt. 3.1

Factors: 2 x 4 x & 2 3
The following factors were considered:
1. Type of cryoprotective compound: Glyecereol v Erythritol
2. Crvoprotaective compound levels: 0,0 v 3,2 v 0.4 v G. &6 M
3. Incubation time: @, 2, 4, & h
s, Replicates: Three from pooled semen

Expt. 3.2

Factors: 2 x 2 uw 4 »x 4 2 3

1. Type of cryoprotactive compound: Glycerol v Erythriteol

2. Concentration cryoprotective compounds: 0.0 v 0.2 v 0.4
v 0.6 M

3. Pilution rates 122 v 1:4 (semenidiluent, v/v)

4. Incubation time:r G, 2, 4, & h

5. Replicatess Three from ponled semen

Expt. 3.3

Factors: S x I x 4 : 3

¥. Type of crynpraotective compound: Control v Glycerol v
Erythritol

2. Concentration cryoprotective agentsr 0.0 v 0.2 v 0.4 v
0.6 M

X. Thawing temperature: 27 v 3I7 v 47°C

4. Incubation time: O, 2, 4; &6 h

5. Replicates: Three from pooled seman
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Expt. 3.4

Factors: T 4 x4 : 3

1. Initial dilution rate: 1:2 v 1:4 v 1:4 (semen:diluent,
v/v)
2. Freezing concentration: 0.3 v 1.0 v 1.5 v 2 « 107

cells/ml
3. Incubation time:s O, 2, 4, & h
A, Replicates:r Three from pooled semen

Expt. 3.5

Factars: 484 x 4 x 4 2 3

1. Type of cryoprotective compound: Glycerol v sthylene
glycol v acetamide v erythritol

2. Cryoprotectant addition temperature:r No CA v 30 v
5*'C v 30 v 5°C

3 Incubation time:t O v 2 v 4 v &

S. Replicates: Three fraom poocled semen

ACA = crvoprotective agent
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VAPFENDIX Sc

\ The following fartors were conzsiderpd in experiments
4.1 to 4.5
Expt. 4.1

Factors: 9 x 4 w 4 = 4
1. Cryopirotective agents: Control v Glycerol v sthylene
glycol v erythritol v Glycerol + Ethylene glycol v
Blycerocl + erythritol v ethylene glycnol x erythritol v
Blycerocl x ethylene glycol x erythritonl

2. Cryopraotectant addition temperature: No CA v CTA at 30 v
CA at 5"C v CA 30 - 5°C

3. Incubation time: 0 v 2 v 4 v &
5. Replicates: Four from pooled semen
Expt. 4.2

Factors: 17 » 4z 3
1. Sequence of CA substitutione

let suspension
Glyeerol

v glycernl

v glyrcerol

v glycerol

v athylens glvycol
v athylene glyecol

2nd suspension
G1yceraol

Ethvlene Glvcol
Acetamide

Dimethyl sulphoxide
Ethylene G1ycol

Gl ycerol
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\ lst suspension 2nd suspension
\ v ethylene glycaol Acetamidea
v ethylene glycol Dimathyl sulphoxide
v acetamide ficetamide
v acetamide Blycerol
v acetamide ethylene glycol
v acetamide DMSO
v DMSO ‘ nMsh
v DMSD Bl yceraol
v DMSD Ethylene glycol
v DMS0O Acetamide
v No Ch No CA

2. Incubation time: O, 2, 4, &4, &6 h

3. Replicates: Three from pooled semen

Expt. 4.3
Factors: S5 % S x 4 = 3
i. Iipitial CA: Blycernl v ethylene glycol v acetamide v

DMSO v ervihritol

2. Freezing CA: Blycerol v ethylene alycol v acetamide v
DMSO v Erytrital

2. Incubation time: O, 2, 4, &6, & h

3. Replircates: Three from pooled semen



141

\Expt. 4.3
\ Factors: 8 x 4 ¢ 3
Cryoprotective agent substitutions:
let suspension 2nd suspension
Glyceral DMSQO
v glycerol Glycerol
v ethylens glycol Ethylene Glvycal
v glycerol erythritaol
v erythritol glycerol
v ethylene glycol erythritol
v acetamide 61l yeeral
v erythritol ethyvlene glycol

2. Incubation time: 0, 2, 4, &6, 6 h

3. Replicates: Three from pooled semen

Expt. 4.5
Factors: S x 4 % 4 ;3 4§
1. Cryoprotective agent substitution: Blycerol/glycerol v
Glycerol Fferythritol v ethvlene glycol v erythritol v
acetamide/Glycerol v erythritol 7Jerythritol

2. Incubation time: 0, 2, 4, &, 6 h

3. Replicates: Thres from pooled semen
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\Expt. 4.6

A\ Factors: & % 4 @ X

Combination and substitution of cryoprotective agent:

Combinations
Plycerol + Ethylene Blycoll
v glycerol + erythritol

Subgtitutions

v glycerol/glycerolZ

v glycerol ferythritol

v ethyiene glycol/erythritol

v Control (No cryoprotective compound)

2. Incubation time: O, 2, 4, 6, & h

3. Replicates: Three from pooled zsemen
1 :
+ = Combination
2
/ = SBubstitution
i T 3
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