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Abstract — Three ejaculates were collected from each of five dogs. After initial evaluation, the sperm-
rich fractions were diluted to 100 x 10° spermatozoa-mL-! in two steps with an egg yolk-TRIS
extender containing a final concentration of 5% glycerol and 0.5% Equex STM paste. Half of the
0.5 mL straws obtained from each ejaculate were frozen on nitrogen vapours (4 cm above the liquid
surface) (“rapid freezing”), while the other half was frozen in a biological freezer at a rate of
0.5 °C-min~! between 5 °C and —10 °C and of 8 °C-min~! between —10 °C and —60 °C, followed by
immersion in liquid nitrogen (“slow freezing”). After an average storage of 30 days, the straws were
thawed in a water-bath at 37 °C for 1 min. Progressive motility was subjectively estimated hourly
for 8 h on semen incubated at 38 °C. Immediately after thawing and after 2 h of incubation, motility
parameters were also measured by a motility analyser. Sperm membrane function and chromatin
stability were assessed immediately post-thaw, using the hypo-osmotic swelling test and acridine
orange staining, respectively. Slow freezing significantly improved total post-thaw motility, which
showed a slower decline over time, although spermatozoal average path and straight line velocity
were lower compared to the fast rate. Also the number of intact membrane spermatozoa was
significantly higher in slow-frozen samples while the proportion of spermatozoa with single-stranded
DNA was minimal after both freezing procedures.

dog / semen / cryopreservation / freezing rate

1. INTRODUCTION improved through a more controlled rate of
temperature decrease. The critical steps of

Dog semen is most commonly frozen freezing procedures are the initial cooling
over nitrogen vapours, which is a practical  rate, between the temperature at which the
and economical method when dealing with ~ sample is collected and +4 °C, and the step
low numbers of straws. The results mightbe ~ when ice forms. Intracellular ice formation
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occurs when cells are rapidly cooled since
not enough water is allowed to leave the
cells which might be mechanically dam-
aged by ice crystals. Damage can also occur
if cooling is too slow, when dehydration is
too severe and spermatozoa are exposed to
a high solute concentration [1-3]. A freez-
ing procedure is effective when an equilib-
rium between cooling and freezing rates
and cryoprotectant concentration is found.

Cryodamages affect sperm survival and
semen quality at thawing. Freezing of sper-
matozoa can result in damages that can be
immediately recognised, or can produce
alterations (i.e. to plasma membranes), which
may have a delayed effect and result in a
reduced sperm life-span [4, 5]. The decreased
post-thaw longevity is considered to be a
critical factor for the fertility of cryopre-
served dog spermatozoa. In vitro incuba-
tion of frozen-thawed spermatozoa at body
temperature can partially simulate in vivo
conditions and this test can be used to assess
their longevity [4, 6]. Cryodamages impair-
ing sperm membrane function can be assessed
by the Hypo-Osmotic Swelling (HOS) test,
which consists in challenging spermatozoa
with a hypo-osmotic solution to evaluate
whether membranes are able to modulate
water permeability and reach an equilib-
rium. The hypo-osmotic test has been used
on many species and can be considered a
simple analysis which could be added to rou-
tine semen evaluation [7]. The functional
integrity of the sperm membrane is highly
correlated to in-vitro fertilizing ability of
spermatozoa in man [8] but not in bovine
[9]. A correlation with motility was found
in bovine spermatozoa [10] and with pro-
gressive motility in the stallion [7]. The HOS
test has been used to assess the quality of
both fresh [11] and frozen-thawed canine
semen [12].

In man, DNA structure has been shown
to be modified by the freezing-thawing proc-
ess [13]; DNA integrity can be assessed
with Acridin Orange (AO), a fluorochrome
which fluoresces green when bound to nor-
mal DNA and orange/red when bound to

single-stranded DNA [14]. The integrity of
mammalian sperm chromatin is related to
fertility [15] and a specific flow cytometric
assay (sperm chromatin structure assay) has
been developed and applied to several ani-
mal species such as the bull, stallion, boar
[16] and cat [17]. A simplified method, not
requiring flow cytometric equipment, was
introduced by Tejada et al. [14].

The aim of this study was to compare the
effects of two freezing procedures — a slow
cooling rate obtained using a biological
freezer and a rapid cooling rate obtained by
placing the straws over nitrogen vapours —
on post-thaw motility parameters, plasma
membrane function and DNA integrity of
canine spermatozoa.

2. MATERIALS AND METHODS

The sperm-rich fraction of three ejacu-
lates was collected by digital manipulation
from each of 5 dogs of proven fertility, in
the presence of a bitch in oestrus. All the
dogs were clinically healthy at the time of
collection and their age ranged between 1
and 7 years. Three dogs were crossbred, one
was an English Setter and the fifth a Border
Collie.

Motility in raw semen was immediately
assessed subjectively under light micros-
copy at 38 °C and 400x magnification by
two operators and spermatozoal concentra-
tion was determined using a haemocytom-
eter (Biirker chamber). A motility above 80%
and a total number of spermatozoa higher
than 200 x 10° were fixed as minimum
parameters for an ejaculate to be included
in the experiment.

Semen was evaluated, centrifuged at 700 g
for 5 min and the sperm pellet was resus-
pended in two steps with an egg yolk, TRIS,
glycerol extender [4]. Spermatozoa were
equilibrated at 4 °C for 1 h, diluted in a first
extender containing 3% glycerol. Thereaf-
ter an equal volume of the second extender
(also at 4 °C), containing 7% glycerol and
1% Equex STM paste (Nova Chemicals
Sales, Scituate, MA, USA) was added, to
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obtain a final concentration of 5% glycerol,
0.5% Equex STM paste and 100 x 100 sper-
matozoa-mL~!. Aftera further 10 min at4 °C,
0.5 mL straws were filled with the diluted
semen and sealed with Seal-Ease (Becton
Dickinson and Company, Franklin Lakes,
NJ, USA). Half of the straws obtained from
each ejaculate were laid horizontally, in a
styrofoam box, 4 cm above the surface of lig-
uid nitrogen for 10 min before being plunged
into it (“rapid freezing”). The other half of
the straws were placed vertically in the freez-
ing chamber of a biological freezer (Cryo-
Logic, Australia) programmed to lower the
temperature at a rate of 0.5 °C-min~! between
5 °C and —10 °C and of 8 °C-min~! between
—10 °C and -60 °C, followed by immersion
into liquid nitrogen (“slow freezing”).

After an average storage of one month,
the straws were thawed in a water-bath at
37 °C for 1 min. Thawed semen was diluted
1:2 with a TRIS buffer pre-warmed to 37 °C
[4] and subjected to evaluation. Two straws
were thawed for each ejaculate and treat-
ment: on one straw subjective motility, plasma
membrane integrity and chromatin denatur-
ation were evaluated, while the other straw
was used for the computerised sperm motil-
ity analyses.

2.1. Post-thaw semen evaluation
2.1.1. Motility

Thawed semen was evaluated subjec-
tively for progressive motility under a phase
contrast microscope equipped with a 38 °C
heated stage and 400x magnification. The
observation was done by two operators.
Each sample was evaluated at hour 0 and
each hour during 8 h of incubation at 38 °C.

Motility was also assessed by the CEROS
12.1 M Analyser (Hamilton-Thorne Research,
Beverly, USA) immediately after thawing
and after 2 h of incubation at 37 °C. Two
5 UL drops of frozen-thawed and diluted
semen were placed in a Cell-Vu chamber
(Millennium Sciences Inc. New York, USA)
and 8 fields were analysed for each drop.
The settings of the instrument were as fol-

lows: temperature 37 °C; frames acquired 30;
Frame rate 60 Hz; Minimum contrast 70;
Straightness threshold 80%; Low VAP cut-
off 20; Medium VAP cut-off 40. The motil-
ity parameters obtained by the CEROS ana-
lyser were total motility (%), progressive
motility (%), VSL (straight line velocity,
um-s1), VAP (average path velocity, um-s1),
VCL (curvilinear line velocity, pm-s=1),
ALH (amplitude of lateral head displace-
ment, um), BCF (beat cross frequency, Hz),
STR (straightness, %), LIN (linearity, %).

2.1.2. Sperm membrane function:
HOS test

Immediately after thawing, 100 uL of
diluted semen were added to 900 pL of a
hypo-osmotic (60 mOsm) fructose solution
[12] and incubated at 37 °C for 45 min.
Micro-drops of the sperm suspension were
placed on a pre-warmed slide, covered with
a coverslip, and observed under a phase
contrast microscope at 400x magnification.
For each sample at least 100 spermatozoa
were observed by each of two operators
classifying them as HOS positive (HOS+),
when spermatozoa showed a swelled and
coiled tail.

2.1.3. Chromatin integrity: AO test

Just after thawing, small aliquots of
diluted semen were smeared on slides and
air dried. The slides were fixed in Carnoy
solution (3:1 methanol: glacial acetic acid)
for 6 h, then covered with 0.1% AO staining
solution, according to the method of Tejada
et al. [14]. After 5 min, the slides were
washed with tap water, covered with a cov-
erslip and immediately sealed with nail
polish. The slides were examined in a fluo-
rescent microscope (Olympus Italia, Milan,
Italy), using a 490-nm excitation filter and
a530-nm barrier filter, with at least 100 sper-
matozoa observed per slide (two slides for
each ejaculate and each treatment). Sper-
matozoa carrying a normal DNA appear as
green heads (AO+), while single-stranded
denaturated DNA produces a yellow-orange
fluorescence.
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Figure 1. Post-thaw decline of subjective motility (mean value + SEM) of dog semen frozen over
nitrogen vapours or in a biological freezer (8 h of incubation at 38 °C).

2.1.4. Statistical analysis

To evaluate the effect of different factors
and their interactions on the variables con-
sidered in the study, data were subjected to
the analysis of variance using the General
Linear Model univariate procedure of the
SPSS software (SPSS INC., Chicago). Per-
centage values were submitted to angular
transformation before analysis.

Subjective motility, total and progres-
sive motility and all the motility parameters
read by the CEROS analyser, and percent-
age of AO+ spermatozoa, immediately after
thawing, were analysed taking into account
the effect of the freezing procedure, dog and
their interaction; all the parameters read by
the CEROS analyser were further analysed
in order to also evaluate the differences
between the values recorded immediately at
thawing and after 2 h of incubation.

Subjective motility over time (from thaw-
ing to hour 8) was analysed considering the
effects of the freezing procedure, dog and
their interaction, with time (hour O to hour 8)
as the covariate.

The percentage of HOS+ spermatozoa
was analysed considering the effects of the
freezing procedure, dog, operator and their
interactions.

The correlation between subjective motil-
ity, total and progressive motility, HOS+
results from the two operators, and AO+
spermatozoa, was assessed by calculation
of the Pearson correlation coefficients.

The results were considered statistically
significant when P < 0.05.

3. RESULTS

Immediately after thawing as well as in
any of the subsequent single time points,
subjective motility was comparable in the
two treatments; however the slopes of the
two curves were significantly different (F =
4.38; P=0.04), with a slower decline for the
curve referred to the biological freezer
(Fig. 1 and Tab. I). Also the effect of dog
and the interaction between dog and treat-
ment were significant over time (F = 7.82;
P < 0.01 and F = 3.45; P < 0.01 respec-
tively).

Total and progressive motility and kinetic
characteristics of thawed spermatozoa, meas-
ured by the CEROS analyser immediately
post-thaw and after 2 h of incubation, are
shown in Table II. At hour 0, total motility
was significantly higher in the samples fro-
zen in the biological freezer while progres-
sive motility, although higher, was not
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Table I. Subjective motility (mean value = SEM) immediately after thawing and hourly, over 8 h of
incubation at 38 °C.

Hour 0 1 2 3 4 5 6 7 8
Nitrogen Mean  62.7 433 428 34.0 29.3 28.5 15.6 9.0 5.0
vapours SEM 52 6.9 6.2 6.4 6.3 7.0 5.1 3.8 2.9
Biological Mean  68.8 509  51.5 43.1 28.4 30.2 20.0 16.1 6.3
freezer SEM 4.8 6.2 7.4 6.0 6.5 7.7 6.2 6.3 2.9

Table I1. Motility parameters measured by the CEROS analyser at thawing and after 2 h of incubation
(mean values + SEM). TM = total motility, PM = progressive motility, VAP = velocity average path-
way, VSL = velocity straight line, VCL = curvilinear velocity, ALH = amplitude lateral head, BCF
= beat cross frequency, STR = straightness, LIN = linearity.

™ PM VAP VSL VCL ALH BCF STR LIN

Hour 0
Vapours 50.2 +6.0° 41.4+5.1 118.8+2.92 110.5+2.82 155.7+3.3A 53+0.22 27.7+0.8 91.5+0.5 71.0+ 1.3
Freezer 64.8+3.4051.1+3.2103.1+3.7°> 949 +3.6> 136.7+4.98 50+02> 25.6+0.6 90.5+0.8 70.0% 1.6
Hour 2
Vapours 30.3 £5.7¢ 16.7 £3.9 105.8 +6.3¢ 86.0+5.7¢ 185.1 £8.9C 83 +£0.3¢ 224+ 1.0 80.0+ 1.0 483« 1.5
Freezer 36.3+4.8419.9+3.3 923+509 754+449 157.0+82P 74+034 234+12 81.2+0.7 50.6+ 1.3

Mean values in a column that differ significantly (P < 0.05) have different small letters; if P < 0.01, supers-
cript letters are capitals.

Table III. Percentage of HOS positive spermatozoa evaluated by two operators at thawing (mean val-
ues =+ SEM).

HOS+ (%) operator 1 HOS+ (%) operator 11
Nitrogen vapours 46.5 + 4.0A 52.5+4.54
Biological freezer 60.8 +2.8B 653+2.1B

Superscript different letters in a column indicate a significant level P = 0.01.

statistically different (P = 0.05). Onthe con-  shown at hour 0 was observed at hour 2. A
trary, VAP, VSL, VCL and ALH were sig-  significant effect of individual dogs was
nificantly higher in the samples frozen over ~ observed for all motility parameters, with
nitrogen vapours. The BCF, STR and LIN  the exception of STR and LIN.

values did not differ between the two freez- Sperm membrane function was signiﬁ-
ing procedures. All parameters, except VCL  cantly influenced by the freezing proce-
and ALH, showed a significant decrease  dure, dog and their interaction, but not by
after 2 h of incubation and the differences  the operator; the proportion of spermatozoa
between freezing procedures were confirmed.  showing a functional plasma membrane
Total motility remained significantly higher ~ was significantly higher in the samples fro-
(P =0.01) in the samples frozen in the bio-  zen in the biological freezer (P = 0.01)
logical freezer, while progressive motility ~ (Tab. III).

was not different between the treatments. Neither the freezing procedure nor the
For the other parameters, the same trend  dog had a significant effect on AO staining
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Table IV. Pearson’s correlation coefficients between the variables considered in the study.

Subjective  HOS+ (I) HOS+ (II) AO+  Progressive motility
motility (analyser)
HOS+ (D) 0.08
HOS+ (I) 0.22 0.83%*
AO+ 0.32 —-0.02 0.17
Progressive motility (analyser)  0.65%%* 0.38 0.43* 0.25
Total motility (analyser) 0.66%* 0.35% 0.41* 0.31 0.98%%*

*P<0.05. ** P <0.001.

patterns. The proportion of spermatozoa
showing single stranded, denaturated DNA
was always low, corresponding to 2.5% =+
0.9% in samples frozen over nitrogen vapours
and 6.0% = 3.5% in samples frozen in the
biological freezer.

The Pearson correlation coefficients
showed that there was a significant correla-
tion between subjective motility and motility
measured by the analyser, between the
proportion of HOS+ spermatozoa and total
and progressive motility, and between the
HOS results obtained by the two operators
(Tab. IV). AO results were not correlated
with any parameter.

4. DISCUSSION

The use of biological freezers for dog
semen has been rather limited, and straw
freezing is usually achieved either by plac-
ing the straws horizontally at different dis-
tances from the surface of liquid nitrogen or
by lowering the straws inside a nitrogen
tank in different steps [6, 18, 19]. To date,
the most appropriate velocity of tempera-
ture descent during the process of canine
semen preservation has not been deter-
mined. The results of different studies are
difficult to compare because experimental
conditions are never the same, differing in
the composition of extenders, steps of glyc-
erol addition, final cryoprotectant concen-
tration or thawing time-temperature combi-
nation [3, 6, 20-22].

When the same extender and semen han-
dling than those used in this study were
employed, the results were not conclusive.
Asslow freezing rate (3 °C-min~! between 4 and
—6°C; 10 °C-min~! between —6 and —40 °C;
50 °C-min~! between —40 and —140 °C)
negatively affected spermatozoal motility
compared to a faster rate (3 °C-min~! between
4 and —6 °C; 50 °C-min~! between —6 and
—140°C) [21]. However, a slow rate tended
to increase the percentage of spermatozoa
showing an intact plasma membrane. In a
previous experiment [6], when fast freez-
ing, obtained by placing the straws at a dis-
tance of 4 cm from liquid nitrogen was com-
pared to a slower freezing rate obtained by
step-lowering the straws in a nitrogen tank,
spermatozoal motility was not higher imme-
diately post-thaw, but was maintained longer
during incubation at 38 °C. No effect on
plasma membrane and acrosome integrity
was observed [6]. In our study, the slow
freezing rate was advantageous compared
to the fast one, both in terms of post-thaw
sperm motility and plasma membrane func-
tion. However, sperm velocities (VAP, VSL,
VCL) and lateral head displacement (ALH)
were higher in semen samples frozen with
the fast rate. How these parameters may influ-
ence fertility in the canine species remains to
be determined.

An advantage of slower freezing rates
was reported by several other authors, albeit
using different freezing extenders and/or
straws of different volumes, factors that can
interact with freezing rates, thus affecting
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semen quality at thawing. For example, using
0.25 mL straws, the slower rate obtained
10 cm above liquid nitrogen gave signifi-
cantly higher post-thaw motility and HOS
positive spermatozoa than when the straws
were placed at only 5 cm from liquid nitro-
gen [22]. Also using epididymal spermato-
zoa, a lower freezing rate (3—11 °C-min~!)
increased motility and the proportion of
intact plasma membranes at thawing [3].
Another study showed that a moderate
freezing rate (=5 °C-min~! from 5 to —15
and —20 °C-min~! from —15 to—100 °C) was
better in preserving spermatozoal motility
after thawing than both a slow (=2 °C-min~!
from 5 to —15 and —10 °C-min~! from —15
to —100 °C) and a fast rate (=75 °C-min~1)
[20]. The freezing rate we adopted in the
biological freezer was lower than most of
those previously described, and semen sub-
jected to controlled freezing showed a
higher post-thaw motility, which decayed
with a significantly different slope as com-
pared to fast freezing over nitrogen vapours.
The other motility parameters read by the
CEROS analyser showed that slowly fro-
zen spermatozoa had alower velocity (VAP
and VSL). The significance of this result is
not clear, although potentially negative,
since significant positive correlations were
observed between VSL, VAP and fertility
in other species [23]; spermatozoa frozen in
the biological freezer also exhibited lower
lateral head displacement and curvilinear
velocity. These parameters increase during
the capacitation process and a precocious
capacitation could lead to a premature acro-
some reaction and then reduce the life span
and fertility of spermatozoa [24]. Capacita-
tion-like changes can be induced by semen
preservation and by the media in contact
with the spermatozoa [25-26]; and the
increase in ALH observed 2 h after thawing
could be an expression of this phenomenon.

This study indicates that the subjective
evaluation of immediate post-thaw motility
alone might not be a sensitive enough
parameter to pick differences that can be
better evaluated by other methods, such as
repeated measures of motility over time,

computerised motility analyses or the eval-
uation of plasma membrane integrity, which
seems to be a more sensitive parameter. The
HOS test, employed immediately post-thaw,
was correlated to total and progressive
motility evaluated by CEROS at hour 0 and
highlighted a difference between treatments
that was not evident at the subjective esti-
mation of motility immediately post-thaw.
However, plasma membrane integrity esti-
mation over time would have allowed to
have more information on the samples, such
as if the immotile spermatozoa seen after
several hours of incubation were still via-
ble.

Subjective estimation always resulted in
a mean higher motility as compared to the
CEROS motility analyser. However the two
methods were significantly correlated and
any potential over/under estimation would
equally affect all the samples.

To our knowledge, this was the first
study where chromatin denaturation was
evaluated on frozen-thawed canine sperma-
tozoa by A/O staining. The freezing proce-
dures employed here did not cause DNA
injuries in a high proportion of spermato-
zoa, since more than 90% of them showed
intact DNA. Previous works on sperm from
bulls, stallions and boars, established a thresh-
old value of DNA denaturation (30% or
more) that is predictive of sub/infertility
[16]. Under our conditions, the AO test was
not useful to detect significant differences
between treatments. This was in contrast
with the findings of Hammadeh et al. [27],
who found a significantly higher percent-
age of intact DNA in slowly frozen human
spermatozoa, but is in agreement with a pre-
vious work on stallion semen, where very
low percentages of denaturated DNA were
found both in fresh and frozen samples [28].
A different susceptibility to denaturation may
be related to species differences in sperm
chromatin structure. In man, sperm chro-
matin is very variable, ranging from a very
condensed structure to a more granular
appearance, with vacuoles of various sizes,
which might be indicative of immaturity.
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Also the protamine content of human sperm
nuclei, lower than in bulls and stallions, and
the presence of a second type of protamine,
with less free-sulphydryl groups available
for disulfide bonds, leads to a less compact
structure more susceptible to alteration in
this species [29].

All parameters were affected by the dog
factor, indicating that different dogs may
have different sensitivities to the freezing
procedures, as already pointed out in previ-
ous works [3, 19].

In conclusion, although the number of
dogs included in this study was limited, a
slow freezing rate obtained with a biologi-
cal freezer was advantageous, compared to
freezing at a faster rate over the liquid nitro-
gen surface, in terms of spermatozoa motil-
ity, longevity and functionality of plasma
membrane after thawing. Sperm velocities,
however, were lower when using the bio-
logical freezer, and no difference between
treatments in DNA denaturation was observed.
Further studies are needed to evaluate the
fertility of spermatozoa frozen-thawed with
these methods.
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