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a b s t r a c t

Long term storage of canine frozen semen is conventionally performed in liquid nitrogen (LN2). However,
previous works in freezing canine semen using a �80 �C ultra-freezer (�80�C-UF) showed no differences
on sperm quality after thawing. The main objective of this study was to compare the effects of the
freezing techniques using LN2 or -80�C-UF on sperm function and in vivo fertility of frozenethawed dog
semen. The sperm-rich fraction of the ejaculate was collected separately from five Chihuahua breed, and
each one divided into two aliquots, and frozen and stored in LN2 or -80�C-UF. Sperm function was
analyzed for motility and viability, acrosome integrity, mitochondrial function and phosphatidylserine
translocation by flow cytometry before and after cryopreservation. A total of 10 bitches were intravaginal
inseminated (IVAI; LN2 frozen-thawed semen ¼ 5 and �80�C-UF frozenethawed semen ¼ 5). Pregnancy
status was confirmed 30 d after IVAI by transabdominal ultrasonography and live born puppies at term
were recorded. Sperm function parameters were affected for both freezing protocols. Differences
(P < 0.05) were found between freezing and storage methods in most of the parameters of sperm
function analyzed, except in the phosphatidylserine translocation. The percentages of pregnancies were
not different between the two freezing and storage protocols used. Semen freezing and storage
using �80 �C UF is an effective technique for long-term preservation of canine spermatozoa.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Long term storage of canine frozen semen is conventionally
performed in liquid nitrogen (LN2), obtaining pregnancy rates near
to 60% [1]. Cryopreservation processing, however, exposes cells to
stress resulting in cellular damage compromising sperm function,
these alterations decrease sperm life span, ability to interact with
the female reproductive tract, and fertilizing potential [2e4].

The use of ultra-low temperature freezers for semen cryopres-
ervation have been previously described [5e9]. These equipments
allow the storage of a large number of straws, decrease the time
between thermic equilibration and freezing, reduce the risk of ac-
cidents due to mishandling of LN2 and the economic cost due to its
on Reproduction (BIOREN-
a, Montevideo 0870, Temuco,

Risopatr�on).
continuous reposition [5].
In canine, studies have confirmed that the use of ultrafreezers

(UF) at �152 �C for freezing and storing canine semen could
represent a potential alternative to LN2 [1,5]. Similarly, in goat
semen has been validated the use of UF at �150 �C for freezing and
storing semen, this study showed that the in vitro seminal quality (2
months after freezing) was not significantly different compared
with frozen and stored in LN2 [9], at present, live birth goats using
the same technique is described [6]. In a previous study [8], it was
demonstrated the use at �80�C-UF for freezing and storing semen,
this study showed that the sperm function (in vitro sperm quality)
with respect to plasma membrane integrity, acrosome intactness,
mitochondrial function and phosphatidylserine translocation, were
not significantly different for semen frozen and stored in LN2 when
compared with those frozen and stored in the ultra-freezer
at �80 �C.

To our knowledge, no published data exist regarding in vivo
fertilizing capacity of sperm frozen and stored by ultra-freezer
at �80 �C. Therefore, our aim was to compare the effects of the
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Fig. 1. Freezing curves of 0.5-ml straws obtained in different uncontrolled freezing
devices a) Ultra-freezer (�80 �C), non-programmable model Revco ULT1386-5V
(Thermo®, Waltham, Massachusetts, USA), b) Liquid nitrogen (LN2). The data of five
measurements obtained for the freezing rates are presented as mean ± standard de-
viation (SD).
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freezing and storage of semen using LN2 and -80�C-UF on sperm
function and in vivo fertility of frozenethawed dog semen following
intravaginal insemination.

2. Materials and methods

All experimental protocols received institutional review board
approval by the Scientific Ethics Committee from University of La
Frontera and were conducted according to Chilean Law No. 20.380
for Animal Protection. The entire studywas developed at the Center
of Biotechnology on Reproduction (CEBIOR), Faculty of Medicine,
University of La Frontera, Temuco, Chile.

All chemicals and reagents used in this study were purchased
from Sigma Chemicals Co. (St. Louis, MO, USA) unless otherwise
indicated.

2.1. Experimental design

The study consisted of two experiments: the aim of experiment
1 was to test the effects of the storage of frozen semen in LN2
(Control) or �80 �C UF on canine frozen-thawed semen quality
with a special focus on sperm function parameters such as motility,
viability, acrosome integrity, mitochondrial function and phos-
phatidylserine translocation. The aim of experiment 2 was to test
the effects of the storage of frozen semen in LN2 (Control) or�80�C-
UF on in vivo fertilizing capacity of frozen-thawed spermatozoa. Ten
bitches were inseminated IVAI (LN2 frozenethawed
semen ¼ 5; �80 �C UF frozenethawed semen ¼ 5).

2.2. Animals

Five healthy adult male dogs (weight: 2.5 ± 0.5 kg, 1e4 years
old) of the Chihuahua breed, of proven fertility, were used as semen
donors. Also, ten healthy adult bitches, weight: 3 ± 0.5 kg, 2e6
years old (Chihuahua breed) of proven fertility (with regular
estrous cycles), were used in this study. All animals belong to a
private dog kennel and were fed with dry commercial dog food
(Purina Pro Plan puppy, San Luis, Missouri, USA), water ad libitum
and exercised daily throughout the experiments. The animal health
status was periodically checked by a veterinarian.

2.3. Semen collection and evaluation

The sperm rich fraction of the ejaculate (n ¼ 6) from each dog
was collected by manual manipulation after sexual/mating absti-
nence for at least a week, as previously described [2], into a pre-
warmed sterile glass [10]. The semen quality of each ejaculate was
assessed immediately after collection and the following parameters
were determined: sperm concentration and total motility [10] and
sperm function parameters were assessed by flow cytometry (see
2.6. Sperm function evaluation) [3,8]. Only semen samples with
progressive sperm motility >70%, were included in this study.

2.4. Semen freezing

Canine semen freezing was performed as previously described
[3], with some modifications. The collected ejaculates were
centrifuged at 300 � g for 5 min and the seminal plasma was
removed. Sperm pellets were diluted in Extender 1 [TRIS supple-
mented with 20% [v/v] egg yolk and 3% [v/v] glycerol] to obtain a
sperm concentration of 200 � 106/ml at room temperature. Semen
samples were cooled at 4 �C for 1 h. After equilibration, they were
rediluted (1:1 v/v) in Extender 2 [TRIS supplementedwith 20% [v/v]
egg yolk, 7% [v/v] glycerol and 1% [v/v] Equex STM paste (Nova
Chemical Sales, Scituate, MA, USA)] to reach a final concentration of
100 � 106/ml. After 10 min at 4 �C, 0.5 ml straws (Minitüb, Tie-
fenbach, Germany) were filled with the extended semen and sealed
with heat pins.

Six semen freezes were performed during the study. In each
experimental trial, two different protocols of freezing were tested.
1) LN2 (Conventional technique): The straws (n ¼ 20) were placed
on a freezing rack (Minitüb, Tiefenbach, Germany) at 4 cm above
the surface of the LN2 in a polystyrene box andwere frozen over the
LN2 vapour for 15 min; finally, straws were packaged into rack and
plunged directly into LN2 tank for storage until thawing, 2) �80�C-
UF: the straws (n ¼ 20) were packaged into rack and plunged
directly into ultra-freezer at �80 �C (model Revco ULT1386-5V;
Thermo®, Waltham, Massachusetts, USA) and stored until thaw-
ing [8]. The time elapsed to move the straws from the cooler to the
ultra-freezer was approximately 10e15 s [5]. Before initiating the
experiments, the cooling velocity of the ultra-low temperature was
defined in the �80�C-UF technique, the freezing rate into straws
was obtained using a Digi-Sense® Type-K thermocouple with a
thermosensitive sonde. The sonde was placed inside the straws
filled with sperm suspension and showed at �80�C-UF a fast
freezing rate of�10 �C/min from 4 �C to�70 �C, and a slow freezing
rate of �0.26�C/min from �70 �C to �80 �C, the data obtained for
the freezing rates were expressed as the mean ± standard deviation
(Fig. 1). In both freezing protocols, strawswere stored at least for 45
days until sperm function evaluation or IVAI. Frozen semen was
thawed in a water bath at 37 �C for 45 s.
2.5. Sperm function evaluation

For fresh and thawed semen samples, spermatozoa were
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centrifuged at 300 � g for 5 min in PBS (P-4417; Sigma, St. Louis
MO, USA). In each sperm quality test, 2 � 106/ml were analyzed.

2.5.1. Sperm motility
The motility was determined as described [11,12,21] using a

phase-contrast microscope (Carl Zeiss, Jena, Germany) at magnifi-
cation X 400. Ten ml of sperm suspensionwere place in awarm glass
slide with a cover slip and a minimum of 300 cells were examined
in 6 different fields for total motility. All measurements were per-
formed by two trained observers.

2.5.2. Viability
It was detected using SYBR-14/PI (LIVE/DEAD® Sperm Viability

kit; Molecular Probes L-7011, Eugene, OR, USA) according to
Cheuquem�an et al. [12] with some modifications. 250 ml of sperm
solution in PBS (2 � 106/ml) and 0.5 ml of SYBR-14 (10 mM) were
incubated 7 min at 38 �C. After that, 1 ml of propidium iodide (PI;
250 mg/ml) was added and incubated 7 min at 38 �C. Finally, 1 ml of
PBS was added and centrifuged at 300 � g for 5 min. Supernatant
was discarded and sperm cells were re-suspended in 400 ml of PBS
for analysis by flow cytometry.

2.5.3. Mitochondrial membrane potential
High mitochondrial membrane potential (HMP) was deter-

mined using the JC-1 fluorescent cationic dye according to Smiley
et al. [13]. 250 ml of sperm solution in PBS (2 � 106/ml) and 0.6 ml of
JC-1 stock solution (1 ml JC-1 in 500 ml PBS) were incubated for
15 min at 38 �C. Finally, 1 ml of PBS was added and centrifuged at
300� g for 5 min. Supernatant was discarded and sperm cells were
re-suspended in 400 ml of PBS for analysis by flow cytometry.

2.5.4. Acrosome membrane integrity (AI)
It was assessed with the fluorescent dye FITC- conjugated lectin

from Arachis hypogaea (peanut) (PNA-FITC) according to the man-
ufacturer's instructions (L-7381; Sigma-Aldrich, Co. St. Louis MO,
USA). 250 ml of sperm solution in PBS (2 � 106/ml), 0.5 ml PNA/FITC
and 2 ml de PI (250 mg/ml) were incubated for 15 min at 38 �C.
Finally, 1 ml of PBS was added and centrifuged at 300 � g for 5 min.
Supernatant was discarded and sperm cells were re-suspended in
400 ml of PBS for analysis by flow cytometry.

2.5.5. Phosphatidylserine (PS) translocation
Annexin-V-FITC/PI apoptosis detection kit APOPTEST-FITC

(Nexins Research, Hoeven, The Netherlands) was used according
to Cheuquem�an et al. [12] with some modifications. Briefly, 100 ml
of sperm solution were added in 100 ml of binding buffer at 4 �C
(2� 106/ml). After the addition of 1 ml of Annexin-V-FITC (25 mg/ml)
and 2.5 ml of PI (250 mg/ml) stock solution, the sample was incu-
bated for 15 min at 4 �C in the dark. Finally, 1 ml of PBS was added
and centrifugated at 300 � g for 5 min. Supernatant was discarded
and sperm cells were re-suspended in 400 ml of PBS for analysis by
flow cytometry.
Table 1
Parameters of sperm function in fresh and frozen-thawed semen stored in liquid nitroge

Fresh (n ¼ 6, N� of ejaculates per dog)

MOT 73.57 ± 12
Viability 74.56 ± 11
HMP 84.82 ± 5.75
AI 63.06 ± 10
PS 0.32 ± 0.3

a,bDifferent letter superscripts within rows indicate significant differences between both
total motility, IA: intact acrosomes, HMP: high mitochondrial potential, PS: phosfatidilse
2.5.6. Flow cytometry
It was performed in a BD FACS Canto II ™ Flow Cytometer (BD

Biosciences, San Jos�e, California, USA) (April 2010) SN: V96101286,
(USA) using BD FACS DIVA™ software (updated for version 6.0). For
each sample, 10.000 events were evaluated.

2.6. Intravaginal artificial insemination (IVAI)

Ten bitches were randomly separated into two groups for
inseminationwith semen cryopreserved in LN2 (n¼ 5) or�80�C-UF
(n ¼ 5). Ovulation days were determined by behavior, exfoliative
vaginal cytology [14] and clinical sign: swelling of the vulva, bloody
discharge and acceptance of male (lordosis). Serial samples of the
vagina were collected every two days. These cells were analyzed
with Diff-Quik® dye (Hartman Leddon Co., Philadelphia, USA).
Bitches were considered in estrus according to criteria such as: they
demonstrated proactive receptivity to mounting by males and
increased male-seeking behavior, initial wrinkling and crenulation
of the endoscopically viewed vaginal mucosa, in vaginal smear
>80% of squamous superficial cells were found. Once the bitches
presented all the criteria described then they were inseminated
[14,15].

For IVAI procedure, bitches were positioned in dorsal recum-
bence with the pelvic limbs elevated. Sperm suspension was
deposited immediately into the craneal vagina of the bitch [2] using
a sterile 22 cm long canine vaginal AI catheter (Minitüb, Tiefenbach,
Germany). After IVAI, bitches were maintained with their hind-
quarters raised for 10 min to prevent the reflux of semen [2,16].
Three IVAI in 3 consecutive days were applied using 2 straws of
0.5 ml in each insemination (100 � 106 of total spermatozoa) [17].
Pregnancies were diagnosed using transabdominal ultrasonogra-
phy (MINDRAY® mod. DP-6600 vet, 5e7.5 MHz, Shenzhen, China)
at 30 d post-insemination.

2.7. Statistics

Data were expressed as mean ± standard deviation (SD). The
D'Agostino-Pearson test was used to evaluate data normality. One-
way Anova and Tukey's post-test of multiple comparisons was used
for to compare frozen-thawed semen sperm function between
freezing protocols (LN2 and -80 �C UF). The level of significance was
set at P < 0.05 and analyzed using GraphPad Prism software for
MAC OS X, version 6.0 (GraphPad Software, San Diego, CA, USA).

3. Results

The results of sperm function parameters in fresh and frozen-
thawed semen using different freezing and storage protocols are
presented in Table 1.

All sperm function parameters were affected for both freezing
protocols. Significant differences were found between freezing
methods in sperm function parameters such as: motility, viability,
n (LN2) and an ultrafreezer (UF).

Freezing protocols

LN2 (n ¼ 20 straws) �80 �C-UF (n ¼ 20 straw)

41 ± 1.9%a 34 ± 1.9%b

51 ± 2.1%a 43.5 ± 2.1 b

45.7 ± 1.8%a 36.6 ± 1.8%b

59.1 ± 2.1%a 50.1 ± 2.1%b

0.32 ± 0.08% 0.34 ± 0.08%

protocols, P < 0.05. The results are presented as mean ± standard deviation. MOT:
rine translocation.
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acrosome membrane integrity, high mitochondrial membrane
potential.

No differences were found between freezing protocol in the
effects of the storage of frozen semen in LN2 (Control) or �80�C-UF
on in vivo fertilizing capacity, the rate of fertility was 60% in both
freezing protocols.

4. Discussion

In the dog, semen quality before and after cryopreservation in
ultra freezers have been analyzed in previous studies [5,8], how-
ever, the effects of the storage of frozen semen in non-
programmable ultra-freezers at �80 �C on in vivo fertilizing ca-
pacity of frozen-thawed spermatozoa, have not been previously
evaluated. To our knowledge, this is the first study reporting the
birth of Chihuahua breed puppies obtained after the IVAI of sper-
matozoa frozen and stored in a �80 �C UF.

Sperm function parameters of fresh semen showed high quality
and were according to previous description for dog semen with
respect to concentration and volume [18,19], total motility
[12,20,21], viability [20,22], AI [12,23] and HMP [12,20,21]. In
contrast, the percentages of PS translocationwere lower than those
described in previous studies with pool of semen from different
breeds [3,12]. This sperm function parameter is an apoptoticmarker
related to spermptosis or apoptosis like process in spermatozoa
[24]. The low percentages of PS translocation obtained confirm the
good quality of the semen used in this study.

Cryopreservation processing, exposes cells to stress resulting in
cellular damage compromising sperm function [2e4], the evalua-
tion of cryoinjury of dog spermatozoa is a key factor in achieving
better cryopreservation results [25]. Our results show that all the
parameters of sperm function analyzed in the thawed semen were
affected for both freezing protocols. As expected, the freezing and
thawing procedure of canine spermatozoa resulted in a dramatic
decrease in motility, viability, PMM, AI and PS translocation in-
crease [3,8,25]. These changes in spermatozoamay compromise the
fertility of cryopreserved semen by rendering the cells less stable in
the reproductive tract after artificial insemination and therefore
relatively short-lived [25].

Comparing two cryopreservation protocols (LN2 vs. �80 �C UF),
motility, viability, AI and HMP for �80 �C UF frozen samples were
lower than LN2 frozen semen, suggesting that the cryodamage
induced during the lowering of the temperature or during the
storage period at �80�C-UF induced greater damage to sperm
function. Various criteria have been used to evaluate the effects of
freezing on sperm, the most common ones being sperm motility
and membrane integrity [26]. The results of total motility obtained
during the present study were consistent with those reported in
previous studies with frozenethawed pooled semen from different
dog breeds [8]. However, our results were lower than described for
Mongreal breed frozen in �152 �C UF [5]. Viability and plasma
membrane integrity were similar to those reported in previous
studies using LN2 and -80�C-UF to store semen from different
breeds of canines [8,27,28]. HMP was consistent with semen frozen
and storage in LN2, nevertheless, were higher than described
for �80 �C UF [8]. AI is an essential step for fertilization, however,
this cell structure is highly damaged during freezing/thawing
process in dog spermatozoa [29]. AI, was lower than studies using
pool of frozen semen by LN2 and -80�C-UF techniques [8,27,30].
Differences comparing our results with previous researches
using �80�C-UF [8] can be attributed to individual differences be-
tween animals, canine spermatozoa respond differently to cryo-
preservation than those of other domestic animals, often with high
individual variability [26,31], usually the pool is used to eliminate
variability between different semen samples [8,13,32,33]. In this
study, sperm PS translocation was not affected when frozen semen
was stored using the�80�C-UF, our results indicate that the storage
of semen in �80 �C UF preserved spermatozoa from PS trans-
location as with LN2 technique [8]. This sperm function parameter
is an apoptotic marker for somatic cells and is associated with
apoptosis like process in spermatozoa and capacitation like
changes, reducing life span of cryopreserved semen and sperm
fertilizing potential [20].

Our results are consistent with fertility rates in canine after IVAI
of frozen semen with LN2 [2,34e37], and higher than reported
at�152 �C [6]. Finally, in addition to the advantages over the sperm
functional parameters the ultra freezer has additional practical
advantages such as: storage of a large number of straws, reducing
time for samples processing and economic cost, best organization
in the storage of the straws that allows easy to find them and
decreasing the risk of accidents for the operators, in addition, it is
especially indicated in situations where LN2 is difficult to obtain
[1,6,7]. Further researches on alternatives for improving sperm
function parameters in frozen/thawed spermatozoa are needed.

In conclusion, the fertility results confirmed that canine semen
maintain in vivo fertilizing capacity after frozen in LN2 and stored in
an ultra-freezer at �80 �C.
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