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aBsTRACT. This study re-evaluated a protocol for cryopreservation of canine semen. Semen from 4 beagle dogs was pooled, concentrated
by centrifugation and adjusted to increasing sperm concentrations by adding back seminal plasma. The prepared or original semen was
diluted with an extender (Egg yolk-Tris-citrate-glucose) and cooled to 4°C (cooling), followed by a second dilution with the same
extender including glycerol, equilibrated at 4°C (equilibration), then stored in liquid nitrogen. The semen was diluted for frozen samples
having a fixed sperm concentration with increasing dilution rates or for those having the reverse combinations. Various dilution rates
of 2.5-10 folds or sperm concentrations of 0.25-2.5 x 108/ml had no significant effect on post-thaw sperm characteristics. When cooling
was done for different times (0-26 hr) with glycerol equilibration for 1 hr, post-thaw characteristics were better at 2 and 3 hr of cooling,
while various times for equilibration (04 hr) with cooling for 3 hr had no effect. These results suggest that different dilution rates and
sperm concentrations within the ranges tested may not affect the post-thaw sperm characterisitics and that sufficient time for cooling may

be essentia but a specific equilibration time may not necessarily be required.
KEY worps: artificial insemination, canine, cryopreservation, semen, spermatozoa.

Biotechnological studiesmay contribute much to the con-
servation of endangered wildlife species, and assisted repro-
duction techniques in domestic dogs may be applicable to
non-domesticated canid species [11, 14]. Indeed, tech-
niques of sperm cryopreservation developed for domestic
dogs have been applied to captive red wolves [10]. On the
other hand, if semen were collected fromwild animalsin the
field, manipulation of the gjacul ate would have to be carried
out under unfavorable conditions. Thus, modifications
would be needed for the application of techniques devel-
oped for dogs to wild animals.

Successful artificial insemination with frozen canine
semen has been well documented [18, 22, 23, 25, 27] since
the first conception was reported by Seager [21], and
recently, the freezing protocol for canine semen has been
improved [1, 3, 20, 28-30]. If semenisdiluted to a constant
final sperm concentration, the dilution rates may differ.
Alternatively, if the dilution rate is fixed, the fina sperm
concentration might fluctuate according to the sperm con-
centration measured in the collected semen. Systematic
studies examining the effects of the final dilution rate and
thefinal sperm concentration on post-thaw sperm character-
istics are lacking, except for limited information provided
by Pefia and Linde-Forsberg [17].

In most cases, canine semen is diluted, equilibrated with
acryoprotectant such asglycerol, and stored frozen in liquid
nitrogen. In some reports, collected semen is directly
diluted with an extender including glycerol and then equili-
brated for hours before freezing [1, 7, 9, 13, 18, 20, 23, 26].
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In other reports, semen is first cooled following an initial
dilution with an extender not including glycerol, then
diluted again with the same extender supplemented with
glycerol, and equilibrated [3, 16]. Thisstudy, in which the
latter method is employed, re-evaluates the protocol for
freezing canine semen. Ultilization of a system where the
sperm concentration of semen was adjusted with its own
seminal plasma before any processing for freezing made it
possible to independently examine the effects of the final
dilution rate and the final sperm concentration after dilution
on post-thaw sperm characteristics. The present study aso
investigates the optimal times required for cooling without
glycerol and for equilibration with the cryoprotectant before
freezing.

MATERIALS AND METHODS

Semen collection: Semen was collected by digital manip-
ulation from 4 healthy beagle dogs of unknown age (pre-
sumed around 6 years), kept in a reasonably spacious area
and fed with ordinary pet food. For Experiments 1 and 2,
the first (semina plasma), second (sperm-rich fraction) and
third (seminal plasma) fractions of the gjaculate were col-
lected for atotal of about 2 ml and a similar volume of the
third fraction was also recovered in a separate tube from
1-4 animals, depending on volumes obtained, and pooled
separately (Experiments 1 and 2). For Experiments 3 and 4,
mainly the second fraction was collected with a minimun
inclusion of thefirst and third fractions from 1-4 animals.

Dilution, cooling, equilibration, and freezing of sperma-
tozoa: The pooled semen and seminal plasma were centri-
fuged at 700 x g for 10 min, and the supernatant was
removed. The pelleted spermatozoa were resuspended by
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gentle mixing, and according to the sperm concentration, the
suspension was diluted with the recovered seminal plasma
to the desired sperm concentrations of 2.5, 3, 4, 6, and 10 x
10%/ml (for Experiment 1), or 1.5, 3, 6, 9, 12, and 15 x 10%
ml (for Experiment 2). For Experiments 3 and 4, sperm con-
centration was not adjusted by seminal plasma but the col-
lected semen was directly diluted with the extender to have
1 x 10%/ml after the first dilution as described below.

Semen prepared as above was diluted at room tempera-
ture with an egg yolk-TRIS-citrate-glucose extender [4, 20]
supplemented with 0.52 mg potassium penicillin G/ml and
0.8 mg streptomycin sulphate/ml (first extender). The
diluted semen was then cooled down to 4°C in arefrigerator
for theindicated times (cooling). An equa volume of a sec-
ond extender, consisting of the first extender supplemented
with 16 v/v% glycerol, was then added at 4°C and samples
were kept at the same temperature for the indicated times
(equilibration). Thus, the final concentration of glycerol
was aways8 vivy [1, 3].

The prepared semen samples with increasing sperm con-
centrations were diluted at increasing dilution rates (2.5, 3,
4,5, 6, and 10 folds) to a constant final sperm concentration
of 1 x 10%ml after the second dilution (Experiment 1). In
Experiment 2, the sampleswith increasing sperm concentra-
tions were diluted 6 folds to have increasing final sperm
concentrations (0.25, 0.5, 1, 1.5, 2, and 2.5 x 10%/ml) after
the second dilution. In Experiments 3 and 4, the final dilu-
tion rate varied according to the sperm concentration in the
collected semen, with a constant final sperm concentration
being 0.5 x 10%/ml after the second dilution.

After equilibration, the semen was loaded into 0.5 ml
straws at about 5°C in an atmosphere of liquid nitrogen
vapor, and placed horizontally 6 cm above the surface of the
liquid nitrogen with a height of 8 cm contained in a styro-
foam container (17.5 cm x 24.5 cm x 17.5 cm) [3]. The
straws were kept thus for 15 min, then immediately plunged
into the liquid nitrogen and stored until examination.

Semen evaluation: Characteristics of fresh (concentrated
semen before adjustment of sperm concentration by seminal
plasmain Experiments 1 and 2 and original semen in Exper-
iments 3 and 4) or frozen-thawed spermatozoa were ana-
lyzed asfollows. Straws wereallowed to thaw at 38C for a
few minutes and used immediately for examination. Sperm
motility was examined under alight microscope at a magni-
fication x 100 and was subjectively classified into the fol-
lowing 5 grades: +++, progressively motile at a high speed;
++, progressively motile at a moderate speed; +, progres-
sively motile at alow speed; £, motile without progression;
-, immotile. Each category was presented in percentage, and
the results are shown as the percentage of spermatozoa. The
proportion of spermatozoa exhibiting a motility grade of
+++ (designated as percentage of spermatozoa with a +++
grade) or that of spermatozoa with £ or higher motility
grades (percentage of motile spermatozoa) were used as
parameters for sperm motility. Semen was diluted with
physiological saline, and mixed with an equal volume of 2%
glutaraldehyde in 0.165 M sodium cacodylate buffer (pH
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7.0). The fixed sampleswere examined under alight micro-
scope and spermatozoawith a dense apical ridge of the head
were considered acrosome-intact [12, 15, 24]. Proportions
of spermatozoa with intact acrosomes were obtained (per-
centage of acrosome-intact spermatozoa) (except for Exper-
iment 1). The diluted semen was smeared onto aglass slide
and sperm morphology was examined by staining with
Giemsa (7.5 v/v% commercial Giemsa solution in 5 mM
phosphate buffer, pH 7.0) for 2 hr after fixation of the
smeared sample with methanol for 10 min. The proportion
of morphologically abnorma spermatozoa were determined
(percentage of morphologically abnormal spermatozoa).
Satigtical analyses: Data are presented as mean + stan-
dard error of the mean (SEM). The difference between each
pair of treatments was tested by Student’s t-test. Differ-
ences with P<0.05 were regarded as statistically significant.

RESULTS

Evaluation of fresh semen revealed that percentages of
spermatozoa with a +++ grade, of motile spermatozoa, of
acrosome-intact spermatozoa and of morphologically
abnorma spermatozoawere 7.5+ 9.6, 80.0+ 8.2, 98.5+ 0.6
and 27.7 £ 9.8 in Experiment 1, 60.0+ 7.1, 82.5 + 4.8, 97.8
+0.9and 17.0+ 3.1 in Experiment 2, 48.3+ 17.6, 95.0+ 0.0,
98.3+0.6and 9.3+ 0.3in Experiment 3and 76.7 £+ 3.0, 95.0
+ 0.0, 95.7 £ 25 and 11.3 = 2.1 in Experiment 4, respec-
tively.

Experiment 1: Effects of dilution rates: Thediluted semen
was cooled down for 1 hr, then equilibrated for another 1 hr
before freezing. Effects of different dilution rates (2.5, 3, 4,
6, and 10 folds) were examined with thefinal sperm concen-
tration being constant at 1 x 108/ml (Table 1). None of the
parameters examined, i.e., percentages of spermatozoawith
a+++ grade, of motile spermatozoa and of morphologically
abnormal spermatozoa, was statistically different among the
final dilution rates tested.

Experiment 2: Effects of final sperm concentrations:
Semen was frozen at different final sperm concentrations
with a 6-fold constant dilution rate. Times for cooling and
equilibration were both 1 hr. After thawing, there were no
significant differencesin any of the parameterstested within
arange from 0.25 to 2.5 x 10%/ml (Table 2).

Experiment 3: Effects of different cooling times. The
above 2 experiments showed that final dilution rate or sperm
concentration did not affect sperm characteristics after
freezing and thawing. Therefore, in the later experiments,
the final dilution rate was not fixed but for convenience,
samples were diluted to have afinal sperm concentration of
0.5 x 108/ml. In this experiment, the diluted semen was
cooled down for varying times, and following the second
dilution, semen was equilibrated for a fixed time of 1 hr
before freezing. When the semen was cooled for 1 to 3 hr,
percentage of spermatozoa with a +++ grade was signifi-
cantly higher than when the time for cooling was 0 hr (Table
3). Although percentage of motile spermatozoa had a peak
at 2 to 3 hr of cooling, the difference was not statistically
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Tablel. Characteristics (mean = SEM) of canine spermatozoa after freezing and thawing at differ-
ent final dilution rates

Percentage of
spermatozoa Percentage of motile  Percentageof morphologically
Fina dilutionrate  with a+++ grade spermatozoa abnormal spermatozoa
25 10.0£ 0.0 46.7+33 30.7+£18
3.0 10.0+ 0.0 46.7+33 275+12
4.0 100+ 29 50.0 £ 10.0 322+ 12
6.0 10.0+ 0.0 46.7+ 838 285+31
10.0 10.0+ 0.0 50.0+5.8 355132

Fina sperm concentration was constant, 1 x 108/ml. Times for cooling and equilibration were both 1 hr.
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Results are averages of three replicates.

Table2. Characteristics (mean = SEM) of canine spermatozoa after freezing and thawing at dif-

ferent final sperm concentrations

Final sperm Percentage of
concentr- Percentage of Percentage of Percentage of morphologically
ation spermatozoa motile acrosome-intact abnormal
(x 108 cells/ml) witha+++ grade  spermatozoa spermatozoa spermatozoa
0.25 150+6.1 538+55 489+ 46 35.7+6.1
0.5 16.3+6.6 60.0+ 0.0 515+51 353+6.2
1.0 150+6.1 56.3+24 55.8+ 6.9 303+12
15 150+6.1 51.3+43 513+74 370171
20 16.3+6.6 56.3+24 550+ 4.6 443+ 87
25 150+6.1 55.0+29 56.7+45 39.7+79

Find dilution rate was constant, 6 times. Timesfor cooling and equilibration were both 1 hr. Resultsare
averages of four replicates except for percentage of morphologically abnormal spermatozoa (number of

replicates was three).

Table3. Effectsof different timesfor cooling on canine sperm characteristics (mean+ SEM) after freezing

and thawing
Percentage of
Percentage of Percentage of Percentage of morphologically
spermatozoa motile acrosome-intact abnormal
Time (hr) for cooling  witha+++ grade  spermatozoa spermatozoa spermatozoa
0 10.8+0.8 51.7+44 445105 73.7+55
1 233133 575143 51.3+29 49.3+3.29
2 250+2.99 61.7+44 55.8+ 3.4 45.0+2.69
3 217417 60.8+5.8 62.3+4.29 36.3+0.7%9
6 20.8+36 56.7+1.7 66.0 + 7.0 36.0+5.59
16 21.7+4.4 60.0+ 0.0 54.3+10.3 38.3+249
26 21.7+4.4 58.3+17 497+£36 38.0+3.09

Fina sperm concentration was 0.5 x 108/ml. The time for equilibration was constant, 1 hr. Results are averages

of three replicates.
a, b, ¢) Significantly different from O hr.
d) Significantly different from 1 and 2 hr.

significant. The percentage of acrosome-intact spermatozoa
were significantly higher at 2, 3, and 6 hr of cooling than at
0 hr. On the other hand, percentage of morphologically
abnormal spermatozoawas significantly reduced by cooling
for 1 hr or longer, compared with O hr of cooling and was
significantly lower at 3 hr than at either 1 or 2 hr. The
abnormal morphology was mainly bent tail (the proportion
to the number of the total morphologically abnormal sper-
matozoa: 90.3 + 1.6% at O hr, 88.7 £ 1.7% at 1 hr, 88.8 +

4.7%at 2 hr,86.9+6.4% at 3hr, 75.0 £ 4.5% at 6 hr, 75.5
+6.7% at 16 hr and 79.4 £+ 2.2% at 26 hr). The proportions
did not significantly change among the different cooling
times. Theearliest time for cooling at which the percentage
of spermatozoa with a +++ grade and that of acrosome-
intact spermatozoa were significantly higher and the per-
centage of morphologicaly abnormal spermatozoawas sig-
nificantly lower than at O hr was 3 hr in all cases.
Experiment 4: Effects of different equilibration times: In
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Tabled. Effects of different timesfor equilibration with glycerol on canine sperm characteristics
(mean = SEM) after freezing and thawing
Percentage of
Percentage of Percentage of Percentage of morphologically
Time (hr) for spermatozoa motile acrosome-intact abnorma
equilibration  with a+++ grade spermatozoa Sspermatozoa spermatozoa
0.0 292+22 69.2+0.8 528+ 45 398173
0.5 275+50 68.3+1.7 495+ 6.0 36.3+13.8
1.0 275+52 675+25 46.0+45 36.8+7.8
20 30.0+£29 69.2+0.8 505+ 7.4 35.0+6.5
4.0 283130 67.5+0.0 448+76 30.0+£5.0
16.0 175+ 259 58.3+2.29 39.7+38 348128

The time for cooling was constantly 3 hr. Final sperm concentration was 0.5 x 10%/ml. Results are
averages of three replicates except for percentage of morphologically abnormal spermatozoa (number

of replicates was two).
a) Significantly different from O and 2 hr.
b) Significantly different from 0, 0.5, 2 and 4 hr.

this experiment, theinitially diluted semen was cooled for a
fixed time of 3 hr, then equilibrated with glycerol for differ-
ent times ranging from 0 to 16 hr after the second dilution.
Although equilibration for 0 to 4 hr did not significantly
affect the post-thaw sperm characteristics tested, the per-
centages of spermatozoa with a +++ grade and of motile
spermatozoa were significantly decreased at 16 hr than at 0
or 2 hr and than at 0, 0.5, 2 and 4 hr of equilibration, respec-
tively (Table 4). No significant changes in percentage of
morphologically abnormal spermatozoa were observed.

DISCUSSION

Different dilution rates make the fina concentrations of
chemicals and spermatozoa vary in the final mixture of
semen and extender, and strong dilution may reduce sperm
longevity, as pointed out by England [5]. Sperm concentra-
tion and the dilution rate might be interrelated so as to affect
the post-thaw characteristics of spermatozoa. Adjustment
of sperm concentration by seminal plasma before dilution
allowed experiments to separately test these two factors, and
the results suggest that a dilution rate within a range from
2.5- to 10-fold may not be important when egg yolk-TRIS-
citrate-glucose extender is utilized. The fact that the sperm
motility (percentages of spermatozoa with a +++ grade and
of motile spermatozoa) after thawing was similar even with
aslow adilution rate as 2.5 folds (Table 1) suggests that an
energy source may have been sufficiently supplied at this
rate.

It was also assumed that different final sperm concentra-
tions might affect post-thaw sperm characteristics and that
glucose as an energy source may be consumed more rapidly
at higher sperm concentrations. However, within the ranges
used, the sperm motility (percentages of spermatozoawith a
+++ grade and of motile spermatozoa) was not different
after freezing and thawing. This suggests that the energy
source may have been sufficient at a sperm concentration of
2.5 x 10%/ml with afinal dilution rate of 6 folds. It was not
clear from this study whether the sperm motility might be

decreased at a higher sperm concentration with alower dilu-
tion rate. However, because semen is usually diluted at a
ratio of approximately 1:3 to 1:5 (4- to 6-fold dilution) and
the final sperm concentration is about 0.5 to 2 x 10%/ml [3,
19, 20, 25], thisrange may cover the practical availability.

The results show that it takes about 3 hr to obtain higher
sperm motility, better acrosomal integrity, and lower num-
bers of morphologically abnormal spermatozoa (particularly
bent tail) after freezing and thawing. This study, which
employed two steps of dilution before freezing, shows that
if spermatozoa are first cooled for a sufficient time without
glyceral, equilibration may not necessarily take along time.
When spermatozoa were not cooled before glycerol equili-
bration for 1 hr at 4°C, a very high percentage of morpho-
logically abnormal spermatozoa (73.7% on average), most
(90.3% on average) of which had bent tails, was observed
and it decreased with time for cooling. This implies that
addition of glycerol at 4°C might be preferable to that at
room temperature. Similar results were obtained in ram
spermatozoa, where addition of glycerol at 4°C was better
than 15°C in terms of post-thaw sperm parameters [8].
Cooling for 0 hr and glycerol equilibration for 1 hr (refriger-
ation for only 1 hr in total) might have been insufficient to
decrease the temperature of samples to 4°C before freezing
manipulation, because many spermatozoa with bent tails
were observed and this may have resulted from abrupt
changesin temperature[2].

Canine semen was diluted with an extender without glyc-
erol followed by a second dilution with glycerol, both at
20°C, and then frozen in liquid nitrogen [28-30]. The
method corresponds to cooling for O hr and equilibration for
1 hrinthisstudy (Table 3), and the percentage of acrosome-
intact spermatozoa after thawing wasincreased by the addi-
tion of Orvus ES paste [29] whereas in this study, the pro-
longed cooling timeincreased acrosomal integrity (Table 3).
It appears that canine spermatozoa might acquire tolerance
well after sufficient cooling time (2-3 hr in this study).

The observation that time for equilbration up to 4 hr did
not affect the post-thaw sperm characterisitics, when sperm
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were prior-cooled for 3 hr, and resulted in better post-thaw
sperm characteristics agrees with the description that pene-
tration of glycerol into the cell may not take long and that,
instead, the time may be required for membrane changes or
ion fluxes to take place [31]. Thisis further supported by
the findings that bull spermatozoa cooled slowly for a
longer period had alower requirement for equilibration with
glycerol before freezing than those cooled rapidly [6]. In
fact, offspring were obtained by insemination with canine
semen frozen after cooling followed by no particular period
of glycerol equilibration; indeed, the time corresponded to
that required for loading the semen into straws (about 15-30
min) [27].

The concentration of glycerol used here was 8% whereas
other studies employed less [28-30]. Since at this concen-
tration, the post-thaw sperm characteristics were generaly
acceptable, no further investigationswere carried out. How-
ever, further studies will be necessary in order to find out an
optimal concentration for the freezing protocol improved by
the present resullts.

The present study suggests that if canine semen is pro-
cessed for freezing using two steps of dilution (afinal dilu-
tion rate of 2.5 to 10 folds, or a fina sperm concentration
within arange of 0.25 to 2.5 x 102 cell/ml), and the cooling
time without glycerol is at least for 1 hr, with the optimum
duration time being 3 hr, then a specific time for equilibra-
tion with glycerol may not be necessary.

Japanese black bears have only the prostate as an acces-
sory sex gland (unpublished data), which is anatomically
similar to domestic dogs and both species belong taxonomi-
cally to the Canoidea superfamily. Thus, it is speculated
that the dog might be a good model for studies on semen
processing of Japanese black bears.

Manipulation of ejaculates collected from wild animalsin
thefield might be effectively carried out by ignoring estima-
tion of sperm concentration in the gjaculate and calculation
of a dilution rate at collection in the field, and postponing
the second dilution by about 3 hr. Studies investigating
whether or not this method might be applicable to semen
from free-ranging Japanese black bears are currently being
conducted by our laboratories.
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