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the difficulty of identifying the optimal time for
insemination of the bitch.
Cryopreservation of canine semen like that
of other animal species is used for artificial
insemination and for storage of semen samples
from valuable dog breeds (Ivanova et al., 1992).
The cryopreservation of dog semen is becoming
increasingly popular since it allows for the
transporting of genetic materials both within and
between countries. Since the first birth of line
offspring from frozen dog semen (Seager, 1969),
dog breeders world-wide have put increasing
pressure on the scientific world to be part of the
progress in reproduction biotechnology (Farstad,
1996). And when developing new techniques for
cryopreservation of spermatozoa, the goal is to
minimize the damage caused to spermatozoa by
the process in order to recover a maximum
number of viable spermatozoa.
The cryopreservation process results in
reduced fertility compared with fresh semen. It
has been shown that this arises from a
combination of both loss of sperm viability and
an impairment of function in the population of
survivors. This situation needs to be borne in
mind when strategies to improve the results are
contemplated. We need to consider not only the
cryopreservation protocol to optimize the number
of survivors, but also the functional ability of the
surviving population.

Introduction
Although dog was the first species to be
used for Artificial Insemination (AI) and become
pregnant by Spallanzani in 1780, very little work
has been done on preservation of dog semen to
exploit the full genetic potential of pedigree
males. Frozen semen is now inseminated
routinely in cattle, sheep and goats and much
research has been carried out with regard to the
optimum conditions for its use in these species.
In many countries there has been limited use of
frozen dog semen, owing mainly to the poorer
fertility when compared with fresh or chilled
semen and also, to some extent, owing to the
regulations controlling the use of artificial
insemination. The use of frozen semen has,
therefore, been limited to inter-continental
transfer of genetic material and long-term storage
of spermatozoa. Although there have been many
reports of the successful freezing and thawing of
dog semen, the majority of workers have adopted
methodology designed for other species, and
investigations
have
merely
comprised
comparisons between diluents (Foote, 1964a;
Andersen, 1972a; Davies, 1982; Yubi, 1984).
Thorough investigations have been attempted in
only a limited number of studies (Olar, 1984;
Smith, 1984) and these have limitations in that
the end point has rarely been fertility in any
suitable number of bitches.
Conception rates with frozen-thawed dog
semen have generally been poor when compared
with those of other species. It has been reported
that frozen-thawed spermatozoa did not exhibit
the vigorous motility of freshly ejaculated
spermatozoa and that consequently their survival
within the female tract and their fertilizing ability
are likely to be reduced. This may be related to
the poor penetration of oocytes by frozen-thawed
(compared with fresh) dog spermatozoa (Froman
et al. 1984). The problem is not entirely the result
of poor semen quality after thawing, but also of

History of Frozen Semen in the Dog
Spallanzani (1776) was the first to observe
that a reduction in temperature reversibly reduced
the metabolic activity of spermatozoa, thus
allowing their storage. However, it was the
discovery by Polge et al. (1949), of the
cryoprotective action of glycerol that made a
significant impact upon the methodology of
spermatozoal cryopreservation. The first success
in freezing dog spermatozoa was reported by
Rowson (1954). In 1969 Seager obtained the first
canine pregnancy using frozen-thawed semen.
______________________________________________________________________________________
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Early studies utilized skim-milk extenders
for cryopreservation (Martin 1963b: Takeishi et
al., 1976); however, pregnancy in most scientific
reports has been achieved using a modification of
only two diluents - the egg-yolk-lactose-glycerol
diluent (Nagase & Graham. 1964) and. the Trisegg-yolk-glycerol diluent (Davis et al., 1963).
The most recent studies into the cryopreservation
of dog semen include those of Davies (1982),
Smith (1984), Olar (1984) and Yubi (1984).
These workers aimed to improve the diluent and
freezing methods; however, only Smith (1984)
attempted more than simple modifications of the
basic bovine diluent. The use of frozen semen
was first approved by the American Kennel Club
(AKC) in 1981.

Berg & Soliman, 1969). Meryman (1910)
considered that the major ‘solution effect’ was
reduction in cell volume below a minimum
compatible with survival; more recently,
however, Mazur (1984) found that slow freezing
injury was the result of decreasing size of
unfrozen extracellular channels, rather than of
intracellular solute concentration or a shrinkage.
The possibility of damage during slow
thawing has been discussed previously; osmotic
forces are important during this process. For
example, when a permeating cryo protectant is
used, too rapid thawing may not allow the agent
to leave the cell fast enough to maintain osmotic
equilibrium. Thus producing cell swelling
following the entry of water (Griffiths et al.,
1979). Successful freezing and thawing of cell
solutions should, therefore, allow for the
maintenance of osmolarity, pH and ionic
strength, in addition to providing a source of
energy and preventing cryo injury.

Basic principle of semen preservation
During freezing of a cell suspension, ice
forms as the temperature falls below the freezing
point of the extra-cellular material. Later water
crystallizes out or solution, leaving the remaining
solutes at a higher concentration. As the cell
membrane prevents the extension of ice crystals
into the cell, the intracellular fluid becomes
super-cooled; this results in the formation of an
osmotic gradient across the plasma membrane
and water tends to move out of the cell. If the
cooling rate is sufficiently slow and the cell is
permeable to water, the cell becomes
progressively dehydrated; these cells are
functional upon thawing. If, however, the cooling
rate is too rapid or the cell is relatively
impermeable to water, intracellular fluid can not
move out of the cell sufficiently quickly, the
degree of super cooling increases and intracellular ice formation may occur (Mazur, 1965);
in this case cells are dead upon thawing.
The formation of intra-cellular ice does
not necessarily result in cell death, because it is
both the amount of ice and. the size of crystals
that influences survival (Farrant et al., 1977).
Cells frozen rapidly may contain small ice
crystals and will survive unless thawing is slow,
in which case re-crystallization (ice crystal
growth during thawing) occurs and reduces cell
survival. At freezing rates less than optimal, the
loss of viability i.s related to several events decreasing intracellular water content and
resultant
increasing
concentrations
of
intracellular solutes, precipitation of these solutes
and subsequent disturbances in pH (Van den
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Cryo- Damage
Damage to spermatozoa by cooling from
physiological temperatures to the freezing point
is called cold shock (Watson, 1981). The ability
of spermatozoa to withstand chilling and freezing
differs between species. Spermatozoa from horse,
cat, dog and humans are relatively insensitive to
cold shock, whereas spermatozoa from cattle,
sheep and goat show medium sensitivity, and
boar sperm are extremely sensitive (Watson and
Plummer, 1985; Bwanga, 199l).
Physical and chemical alterations in the
cell membrane caused by cooling may be
irreversible and differ from the damage caused by
freezing and thawing; old shock and freezing
damage may therefore be considered separate
phenomena (Paulenz, 1993). Irreversible
alterations in the sperm membrane i.e.
disturbances in the protein lipid bilayer structure,
such as decreased membrane fluidity, increased
membrane permeability, acrosomal damage,
dehydration,
enzyme
and
phospholipids
liberation, reduced metabolic activity and
diminished consumption of ATP, are all
consequences of cooling and freezing which may
partly or totally compromise fertility (for review,
see Hammerstedt et al., 1990). The most evident
result of these changes is loss of sperm motility
(Paulenz, 1993). However, studies on frozenthawed silver fox and blue fox spermatozoa have
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shown that reduced fertility is not revealed by
reduced motility or even y the degree of
acrosomal integrity (Farstad et al., 1992c ). Also,
in the dog no clear relationship has been found
between post-thaw motility and fertility
(Kosiniak et al., and Thomas et al., 1993).
When cells are frozen they are subjected
to stresses resulting from the water-solute
interaction that arise through ice crystallization.
Exposure of cells to the hyperosmotic, yet
unfrozen, solution causes withdrawal of
intracellular water, consequent cell shrinkage and
possible influx of ions (Mazur, 1984). Thawing
involves a reversal of these effects, and the
consequent inward water flux may cause cell
membrane disruption. The detrimental effects of
slow freezing and therefore prolonged exposure
of cells to hyperosmotic condition “solution
effect”(Mazur et al., 1970) have been viewed as
balancing the deleterious consequence of rapid
freezing which Cytoplasmic disruption through
intracellular ice formation may be further
compounded by the growth of ice crystals during
thawing (re-crystallization). It has been suggested
that a compromise-freezing rate exists where the
damaging effects of these two different sources
of cryo-injury can be minimized (Watson, 1990).
The incorporation of micro-architectural
considerations into hypotheses of cryo-injury
may help to explain why some spermatozoa
survive the cryopreservation process intact, while
others suffer acrosomal disruption, plasma
membrane damage and loss of motility. If cell
survival were dependent upon spatial orientation
in relation to regions of heterogeneously
distributed solute concentration, then different
types of microstructure would alter the random
likelihood of achieving optimal orientations.
Hypotheses of sperm cryo-injury must
account for the known thermodynamic and
structural properties of the sperm plasma
membrane. It is well known that the sperm
plasma membrane contains an unusual array of
lipids (Lin et al., 1993; Parks et al., 1987) and
that the plasma membrane is organized into
different domains (Friend, 1984; Holt, 1984).
The phospholipids typically adopt unusual
configurations, with a high proportion of
plasmalogens that contain ether-linked fatty acids
instead of the more usual ester linkages.
Phospholipids account for 65-70% of the total,
and a large proportion of these contain a
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docosahexaenoic acid side chain, which may
confer membrane fluidity and instability.
Possibly to counteract these destabilizing effects,
sperm plasma membranes contain variable
amounts of sterols. The sperm plasma membrane
lipids respond to temperature changes by
alterations in their physical phase state. Although
regions of fluid and gel phase lipids coexist at
physiological temperatures, reductions of
temperature favour fluid to gel transitions; the
presence of sterols is thought to inhibit these
phase changes.
As spermatozoa are not adapted to
undergo the temperature changes involved in
cryopreservation, they cannot modify their lipid
content to suit the environmental conditions. This
useful strategy is widely used in nature to
compensate for the changes in ionic permeability
and enzyme activity, which result from phase
transitions. Spermatozoa undergo these lipid
phase transitions (Crowe et al., 1989; Drobnis et
al., 1993; Holt and North, 1984; 1986; Parks and
Lynch, 1992) typically within the temperature
range l7-360C. Their occurrence shows species
dependence, which could go some way towards
explaining the variations in cryopreservation
sensitivity seen in spermatozoa from different
species. It is also likely that during a typical
freeze-thaw cycle, the sperm membranes must
undergo phase transitions during both cooling
and rewarming.
Evidence, that cold shock (i.e. damage due
to rapid cooling above 00C) is caused by lipid
phase transition effects was presented by Drobnis
et al. (1993). Holt et al. (1992) obtained some
evidence that phase transition might be involved
in the manifestation of cryo-injury during the rewarming of cells after thawing. Ram
spermatozoa were stained with fluorescein
diacetate (FDA), a fluorescent probe of cell
membrane integrity, cooled to a series of
minimum temperatures (50C, -100C and -200C)
and then rewarmed to 300C. Plasma membrane
integrity was retained throughout cooling, but
fluorescein leakage, indicating membrane
disruption, occurred during the re-warming
process.
Conversely,
performing
similar
experiments in the presence of external adenosine
triphosphate (ATP) and a sperm reactivation
medium showed that spermatozoa rendered
immotile by cooling could be restored to motility
by an influx of ATP when the plasma membrane
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was breached. The threshold temperatures
causing loss of membrane integrity were
correlated with the minimum temperature
reached during cooing. One interpretation of this
data is that as the post-thaw temperature
increases, the plasma membrane is subjected to
structural rearrangements involving lipids and
proteins, the extent and nature of which are
governed by interactions of temperature and
solute effects during the freezing process.

capability of forward motility, which may be
compromised in the majority of cryopreserved
spermatozoa.
Oxidative damage
More important is the observation that
oxidative damage could impair sperm
function.This subject is difficult to tackle because
of the recognition that a degree of superoxide
radical formation is necessary for the events
preceding fertilization (de Lamirande et al.,
1997). However, it is now generally accepted that
cryopreservation induces the formation of
reactive oxygen species that are detrimental to
subsequent performance (Alvarez and Storey,
1992; Bell et al., 1993; O’Flaherty et al., 1997).
Much of the published work on lipid
peroxidation and cryopreservation relates to work
on human spermatozoa.
The
use
of
antioxidants
in
cryopreservation diluents is not commonplace,
partly because there are a number of possible
agents from which to select, and partly because
different pathways (and hence, different
antioxidants) are utilized in different species
(Askari et al., 1994; O’Flaherty et al., 1997).
Moreover, it is clear that oxidative damage is
only one of a number of stresses the
cryopreserved sperm cell experiences (Alvarez
and Storey, 1993). This is clearly an area for
further investigation.

Capacitation-like changes
A
significant
breakthrough
in
understanding has come with the recognition that
cooled and re-warmed spermatozoa behave as if
they were capacitated (Watson, 1995). However,
we are unsure at present whether spermatozoa
manifest the changes of capacitation or simply
are enabled to by-pass capacitation and proceed
directly to acrosomal exocytosis. We have begun
to study this phenomenon and have shown that
cooled spermatozoa display chlortetracycline
staining and an increase in intracellular free
Ca2+, typical of capacitated spermatozoa, but that
the tyrosine phosphorylation patterns are
somewhat different in cooled and re-warmed
spermatozoa (Watson and Green, in press). We
are continuing to investigate these events to
determine the nature of the membrane changes
resembling capacitation.
Motility impairment
One
obvious
characteristic
of
cryopreserved spermatozoa is the decline in
motility of the cells. While a minority seems to
exhibit vigorous forward progression, the
majority show a variable degree of impairment.
This would seem to be an important contribution
to their relatively poor fertilizing potential when
introduced into the reproductive tract at artificial
insemination. A study of cryopreserved human
spermatozoa under IVF conditions found that
both motility and forward progression were
important factors (Kelly et al., 1997). However,
one recent observation reached a different
conclusion; in a study of in vitro fertility of
asthenoteratozoospermic dogs, the quality of
motility though poor did not impair fertility
(Hewitt and England, unpublished). These
studies relate only to events associated with the
final contact with the oocytes; transport to the
site of fertilization may still require a minimum
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Surface changes affecting recognition of
receptors
An issue that has been recently examined
is the extent to which the surviving population is
impaired in its ability to interact with the
oviductal epithelium (Ellington et al., 1990).
These interactions are now recognized as
receptor-ligand interactions, often involving
intracellular signaling mechanisms, which are
actively being explored. A similar interaction
involves spermatozoa and the oocyte and its
vestments (Bwanga et al., 1991; Ochninger et al.,
1993).
The
freeze-fracture
observations,
suggesting that the clustering of membrane
proteins during lipid phase separations induced
by cooling are not entirely reversible, may well
have
implications
for
receptor-lignad
interactions. Although the evidence from IVF
studies generally indicates that cryopreserved
spermatozoa are capable of effecting fertilization
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(e.g., Donaghue et al., 1992), this is an artificial
situation when hundreds of spermatozoa are
present. In vivo, the reality may be quite different
when only a few spermatozoa reach the site of
fertilization.

ability of the surviving population.
Semen processing
Successful preservation of spermatozoa
by cooling, freezing and thawing is dependent
on a series of steps aimed at reducing damage to
the cell and securing adequate longevity in vitro
and in vivo, i.e. optimal dilution, addition of
extenders, type of buffer, cooling protectant and
cryoprotectants addition, cooling rate and
equilibration time, seeding, freezing and
thawing rate, and possibly, also the removal of
cryoprotectants after thawing. The latter may be
dependent on in vitro post-thaw storage time
prior to insemination and on the method of
semen deposition (i.e. vaginal or intrauterine).

Ability of sperm to sustain embryonic
development
Finally, another area that has not been
adequately studied is the ability of cryopreserved
spermatozoa to sustain embryonic development.
Technically, this is difficult to investigate since
the evidence of early embryonic death often
passes without overt signs. Nevertheless, a
persistent suggestion is that frozen-thawed
spermatozoa are associated with an increased
incidence of early embryonic mortality (Salamon
and Maxwell, 1995).

Extenders in semen
Extenders dilute the semen and remains
of prostatic fluid and provide favorable osmotic
conditions, as well as provide energy to
spermatozoa during the storage period between
cooling/equilibration and freezing. Empirical
adaptation of extenders used for cooling and
freezing of bull spermatozoa initiated the use of
skimmed milk (Martin, 1963), citrate (Harrop,
1962), chloride-phosphate (Wales and White,
1963),
lactose
(Seager,
1969),
Tris
(trimeti’fylhydroxyaminomethane) (Gill et al.,
1970) and Tris-fructose-citrate (Foote, 1964;
Andersen, 1972; Andersen, 1975) buffers for
dilution in early experiments with short-term
(liquid) or long-term (frozen) preservation of
dog spermatozoa.
Most of the recent research groups have
used the original Tris-fructose buffer without
modifications, or have continued to develop the
Tris buffer, for instance by substituting
monosaccharide fructose with glucose, which is
nutritional and osmotic, or by the non-penetrating disaccharides sucrose and lactose,
which act as extracellular cryoprotectants in
addition to providing a favorable osmotic effect
(Ivanova-Kicheva et al., 1992; England, 1992;
Thomas et al., 1993; Wilson, .1993; IvanovaKicheva et al., 1995; Nothling et al., 1995). The
commercially available Triladyl (Minitub,
Tiefenbach, Germany) also contains Tris as the
major buffer (Nothling et al., 1995). England
(1992) preferred a mixture of Tris and TES (nTris(hydroxymethyl) methyl-2-amino ethane-

DNA Damage
The potential mechanisms can now be
studied more effectively. DNA damage can be
investigated with the COMET assay (Hughes et
al., 1996) or with flow cytometry (Karabinus et
al., 1990; Royere et al., 1991) and may indicate
functional damage to the nuclear structures
(Ellington et al., 1998). Moreover, the suggestion
that the spermatozoon’ s contribution to the
zygote is more than the haploid male genome
(Navara et al., 1995) implies that there are more
subtle ways in which the spermatozoon’s
function could be disrupted during cooling and
cryopreservation. The post-syngamy fate of other
sperm structures is now known better than ever
before (Sutovsky et al., 1996; Sathananthan et
al., 1997), and the possible importance of sperm
RNA (Rohwedder et al., 1996; Miller, 1997) to
the events before the embryonic genome is
activated cannot be disregarded. Any of these
structures may suffer alteration during
cryopreservation and can all now be investigated.
The cryopreservation process results in
reduced fertility compared with fresh semen. It
has been shown that this arises from a
combination of both loss of sperm viability and
an impairment of function in the population of
survivors. This situation needs to be borne in
mind when strategies to improve the results are
contemplated. We need to consider not only the
cryopreservation protocol to optimize the
number of survivors, but also the functional
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freezing machines be used for commercial
purposes.

sulphonic
acid,
N-(2-<<hydroxy-l,
1bis(hydroxymethyl)ethylamino ethane sulphonic
acid, but found the regular Tris buffer to work
better for some dogs (G. W. England, personalcommunication, 1993). Addition of the
detergent sodium dodecyl sulphate to Triscitrate extender was found to improve the
longevity of frozen-thawed spermatozoa
(Thomas et al., 1992).
Also a variety of commercial
companies have developed their own buffers
(Laichipos 478, L’Aigle, IMV, France, Silva et
al., 1995; C.L.O.N.E, Pennsylvania, USA; ICG,
Pennsylvania, USA). The exact composition of
many of the commercially available extenders is
unknown. In recent publications, Tris-citrate
buffer has been shown to be superior to other
buffers for either short-term storage of chilled
semen (Rota et al., 1995) or for freezing of
semen in straws (Thomas et al., 1993).

Thawing rate
It is well established that optimum cell
survival requires that the rate chosen for freezing
be paired with the appropriate rate of thawing
(Mazur, 1984; Hammerstedt et al., 1990).
Generally it is believed that fast freezing
requires fast thawing to reverse the osmotic
balance, rehydrate and restore the lipid protein
configuration of the membrane in a fashion
similar to the events induced during freezing. A
variety of freezing regimes and thawing
protocol. It has been reported for dog semen,
even when the same packaging method and
extender is used. For 0.5 ml PVC straws,
thawing regimes in a water bath at 70°C for 6.5 s
(Andersen, 1972), 70°C for 8 s (Farstad, 1984;
Hofmo, 1988 (fox), 50°C for 30 s (Silva et al.,
1995), 30°Cfor30 s (Oettle, 1982), 37°C for 2
min and 55°C for 5 s (Dobrinski et al., 1993)
have been reported. These are moderate to fast
rates of thawing compared with thawing at 4°C
which Rofmo (1988) found was inferior to fast
thawing of silver fox semen. Usually pelleted
semen is thawed in a thawing solution (usually
saline or sodium citrate) at 37°C (LindeForsberg, 1995), but thawing in plastic bags has
also been reported (Thomas et al.. 1993). It is
advisable to use the thawing rate recommended
by the person or laboratory providing the frozen
semen, since thawing rates are closely connected
with the freezing protocol.

Cooling protectants and cryoprotectants
The addition of cooling protectants such
as egg -yolk and cryoprotectants such as
glycerol or DMSO (dimethyl-sulphoxide), the
sugars lactose or sucrose, macro-molecular
polymers or detergents such as polyvinyl
pyrrolidone, Orvus ES-Paste (Olar, 1984) -70°C
has been successful both for dog semen
(England, 1992). Also, rapid freezing by placing
straws on a rack already placed above liquid N2
,with a constant flow of vaporized nitrogen has
yielded good results for canine semen
(Andersen, 1972; Farstad, 1984; Alar, 1984;
Wilson, 1993; Fontbonne and Badinand, 1993).
However, Dobrinski et al. (1993) claimed. That
a slower overall cooling and freezing rate of 5°C min- from + 3 to - 157°C gave better
motility values than an intermediate rate of 8°C min -I from + .3 to - 164°C 01: fast rate of 18°C min.; -I from +. 3 to 191°C for all
extenders tested when thawed at 37°C for, 2
min. The different freezing rates were achieved
by placing straws different distances from the
liquid nitrogen and for different periods of time.
Freezing by lowering straws onto a rack placed
above the surface of liquid N2 is a static method
which has little control over the freezing
procedure (different containers, metal or plastic
Jacks), and it is advised that controlled dynamic
freezing (variable flow of Nitrogen vapor) in
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Post-thaw dilution
In
bovine
artificial
intrauterine
insemination with frozen semen, but intrauterine
insemination of dogs carried out in Norway with
domestically frozen semen, the removal of
cryoprotectant from the semen occurred in the
female genital tract. Some commercial
companies have instructed inseminating
veterinarians to dilute the semen after thawing
prior to insemination with special, post-thaw
extenders (C.L.O_N.E. and ICG, USA),
although one recent instruction in the ICG
manual is not to use post-thaw dilution when
performing intrauterine insemination.
Vaginal insemination with post-thaw
dilution of 3-5 ml homologous or heterologous
Prostatic fluid has produced good results
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(Nothling et al., 1995). It is not known if the
beneficial
effect
of
redilution
before
insemination is only that of removal of cryoprotectant or if it has other effects as well. The
addition of prostatic fluid points to some
interesting possibilities because prostatic fluid
does not maintain dog sperm motility as well as
some extenders both at ambient (Nothling and
Volkmalli, 1993) and refrigerator temperature
(Rota et al., 1995). It has been shown. That there
are male to male variations in the composition of
seminal plasma, such as in the content of sterol
exchange proteins (Rammerstedt et al., 1990).
The possibility of the seminal plasma acting as a
source of proteins which may interact with the
sperm membrane by adsorption to the glycocalix
region of the surface cannot be excluded. Such
recoating of the membrane may be favorable
when vaginal insemination is performed, since
the vagina is not considered an appropriate
environment for spermatozoa as opposed to the
uterus. Research on protein additions to the
thawed semen, with the goal of improving
fertility results with vaginal inseminations is
therefore recommended.

total number of spermatozoa in the inseminate),
freezing protocol or semen quality, post-thaw
was done.
Dog semen preservation in India
In India, because of commercialization
of dog breeding and scientific kennels have been
organized more in urban areas, the technique of
Artificial Insemination has gained importance in
recent years at dog breeding centers due to the
increased demand of pedigree male dogs.
However, very little experimental work has done
on semen preservation and AI in canine.
Deshpande et al., (1970) collected dog semen in
three different fractions viz, first, second and
third and evaluated in Alsatian dog. Similarly,
semen was collected by digital manipulation in
mongrel dogs and physical and morphological
characters were evaluated (Daiwadnya and
Hukeri,1993). Dabas et al.,1991) reported that
whelping of 3-6 pups after AI with semen
diluted in buffered-yolk extender.
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