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Electroejaculation is a technique that can be used to collect
semen from canines, but its use with this group of animals is
restricted by low success rate and low semen quality. Here,
we evaluated whether pharmacological and sexual sensory
stimuli, which may affect ejaculation, can increase electro-
ejaculation efficiency and improve ejaculate quality. We
worked with 20 dogs of mixed breed weighing between 5.3
and 22.2 kg, divided into two groups. Both groups were
exposed to a spayed female for 10 min, but in the second
group, the same spayed female had her vagina impregnated
with methyl 4-hydroxybenzoate synthetic pheromone for
10 min and after receiving dinoprost tromethamine IM,
0.1 mg/kg. After stimulation, all dogs were chemically
restrained with ketamine, 8 mg/kg, IM; and xylazine,
1 mg/kg, IM, and subjected to electroejaculation protocol.
We obtained 100% of antegrade ejaculate in treatments
when the spayed female had her vagina impregnated with
pheromone and 80% when she did not. Sperm motility was
significantly different (p < 0.05) between controls and the
test group (10.1 + 4.5 and 43.0 + 8.3, respectively). We
concluded that the adopted electroejaculation protocol was
efficient and that the PGF2o associated with sexual sensory
stimulation can improve semen quality in dogs undergoing
the procedure.

Introduction

Semen collection in dogs is usually performed by
digital stimulation of the penis because the process is
easy and does not necessarily require prior condition-
ing of the animal or the presence of an oestrous bitch
(Kutzler 2005). Other methods used to collect canine
semen require artificial vagina or electroejaculation
(Ohl et al. 1994; Goodrowe et al. 1998; Kutzler 2005;
Minter and DeLiberto 2005; Newell-Fugate 2009).
Although electroejaculation is not the standard
method for collecting the semen of domestic dogs,
reproductive biotechniques that have been developed
for the dog can now be used to collect semen from
endangered canines (Minter and DeLiberto 2005).
During electroejaculation, the animal needs to be
chemically restrained. Anaesthetic combinations such
as tiletamine and zolazepam (Goodrowe et al. 1998;
Cunha et al. 2008), or ketamine and xylazine (Minter
and DeLiberto 2005), or ketamine, medetomidine and
atropine (Johnston et al. 2007) or halothane (Ohl
et al. 1994) alone, have been used.

The drawbacks of canine semen collection via elec-
troejaculation usually contain a low amount of sperm
and/or low motility, which results in semen of low
quality. Additionally, the ejaculate is frequently con-
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taminated with urine (Cunha et al. 2008). In an attempt
to obtain semen samples of better quality, some authors
have used hormones and neurotransmitters that increase
male libido (Estienne and Harper 2004; Masoumi et al.
2008), affect the time of ejaculation and amount of
semen e¢jaculated (Yonezawa et al. 2001), or even
increase sperm motility (Shimizu et al. 1998; Karahan
et al. 2006; Yeste et al. 2008).

Prostaglandin F2-alpha (PGF2x) increases ejaculate
volume by intensifying contraction of the smooth
muscles responsible for semen discharge (Hess 2006;
Kustritz and Hess 2007). Sensory stimuli by sex pher-
omones of synthetic origin, or secreted by an oestrous
bitch, such as methyl 4-hydroxybenzoate (Goodwin
et al. 1979), may also increase the amount of semen
collected through manual stimulation of the penis
(Kutzler 2005; Kustritz and Hess 2007). Herein, we
described the combined use of sensory and hormonal
stimuli, performed prior to chemical restraint, to
improve the efficiency of electroejaculation in dogs.

Materials and Methods
Animals

We used 20 mongrel dogs presenting no signs of clinical
abnormalities and considered suitable for semen collec-
tion via electroejaculation. Reproductive history of the
study animals could not be obtained because all dogs
came from local shelters. The dogs were divided in
groups, without any randomizing procedure, of four,
and once a week, they were taken to the Veterinary
Hospital and each animal underwent clinical evaluation
and ultrasound of testis and prostate, before undergoing
semen collection.

Animals were held for 3 days in individual cages to
get adapted. During the first 2 days, the animals
received water and rations twice a day (morning and
afternoon). A pre-anaesthetic fasting regime was imple-
mented on the third day and the dogs were then
subjected electroejaculation, as described below. After
electroejaculation, all animals were castrated and
returned to the local shelters for future adoption.

The experiment was approved by the Ethics Commit-
tee on Animal Use/UENF (protocol number 67/2009)
and performed in the summer of 2009/2010, from
November to March.

Semen collection

Samples were collected at a controlled temperature of
+23°C. The electroejaculator (Santa Lydia Laborato-
ries, Presidente Prudente, SP, Brazil) was manufactured
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to the following specifications: voltage 0-10.9 V, current
of 100 and 200 mA, sine waves with a frequency of
50 and 60 Hz and probe with two parallel 8§-cm
longitudinal electrodes. The probe had a total length
of 25.4 cm and diameter of 1.6 cm, similar to that
previously described devices (Ohl et al. 1994; Newell-
Fugate 2009).

Before electroejaculation was started, the dogs were
divided into two groups. Each group received a different
sensory and pharmacological treatment to prepare them
for semen collection. Differently than the test group
(n = 10), the control group (n = 10) was not exposed
to pheromone. The control group underwent the pro-
cedure prior to the test group to avoid interference from
synthetic pheromone residues that might have remained
in the environment.

PGF2a + pheromone group

A swab moistened with saline was inserted into a
bottle of powdered pheromone methyl 4-hydrox-
ybenzoate sex pheromone (cat. H5501; Sigma-
Aldrich®, Saint Louis, MO, USA) and then inserted
into the vagina of a spayed bitch at a depth of 2 cm.
Then, 10 dogs that received a dose of dinoprost
tromethamine (Lutalyse®) at 0.1 mg/kg IM were
exposed to this bitch for 10 min. Next, anaesthesia
and electroejaculation were applied, as described next.

Anaesthesia was performed using a combination of
8 mg/kg ketamine hydrochloride (Cetamin®; Syntec,
Hortolandia, SP, Brazil) and 1 mg/kg xylamine hydro-
chloride (Xilazin®; Syntec, Hortolandia, SP, Brazil).
After anaesthesia, catheterization of the radial vein for
fluid therapy with 5 ml/kg/h saline was performed.

Electroejaculation The probe, lubricated with KY gel®
(Johnson & Johnson, Sdo José dos Campos, SP,
Brazil), was placed rectally above the prostate of each
animal. The complete protocol consisted of 10 series
with 10 electrical stimuli at a current of 100 mA and
frequency of 50 Hz that lasted for 3 s followed by 3 s
of rest. The electrical voltages applied to the 1-10
series were 1.5V; 2.4V; 3.0V; 40V; 42V; 49V,
59V; 7.3 V; 88V and 10.9 V. Stimulation intensity
was gradually increased until each dog started to
ejaculate. Then, electrical stimuli were continuously
applied at the same voltage until ejaculation ceased.
When ejaculation was over, the electrical stimuli
ceased, regardless of the status of the 10 series
sequence. Before the two last stimuli of each series,
the probe was removed and placed back on the
prostate. Then, the last two electrical stimuli were
applied, and a new series of 10 stimuli at a higher
voltage started.

The correct probe positioning was observed by
perianal muscle contraction in the first three series and
easing of hind legs, especially after the fourth series.
Induction, semen collection and returning from anaes-
thesia altogether lasted up to 20 min. If the animal
awoke during electroejaculation, a half dose of the
ketamine and xylazine combination was intravenously
administered.

Control group

Ten dogs were individually exposed to the same spayed
bitch for 10 min and anesthetized as already described.

Bladder catheterization and semen collection during
electroejaculation

To search for the presence of sperm before and after
electroejaculation, the bladder of each animal was
catheterized with urethral probe no. 4 or 6 (EMBRA-
MED, Brazil) (depending on the dog’s size); contents
were aspirated using a 20-ml syringe and then trans-
ferred to 50-ml tubes. The standard aspirated volume
was 10 ml because most dogs urinated and defecated as
soon as they went out of the cage.

During electroejaculation, one of the team members
kept the animal’s penis exposed and a 50-ml plastic tube,
pre-warmed at 37°C, was placed over the glands to
collect the semen samples.

Monitoring of animals

All animals were monitored during electroejaculation.
The observed variables were respiratory and heart rates,
both measured every 5 min and rectal temperature,
measured before and after the procedure.

Ejaculate assessment

To establish the efficiency of the electroejaculation
protocol, we checked for the presence of sperm in
urine, in addition to antegrade ejaculation. Antegrade
ejaculation was considered as the ejection of any
liquid contents through the urethra. The material
collected was classified as: (i) ejaculates with or
without sperm: transparent liquids, (ii) pure semen:
white liquid and (iii) semen contaminated with urine:
yellow liquids (we noted the presence of sperm in all
yellow samples). Total sperm motility (%) and vigour
(motility quality, score of 0-5) of all samples (regard-
less of the classification) were evaluated by three
different observers. We also evaluated sperm mor-
phology after dilution of sample in formalin—saline
(1:10) between slide and coverslip under phase
contrast microscopy at 1000x magnification (Nikon,
model Eclipse 80i), using the classification proposed
by Oettlé (1993); sperm concentration in a Neubauer
chamber after dilution of sample in formalin—saline
(1 : 200); pH, using colorimetric pH stripes at a scale
of 0-14 (Universalindikator; Merck; Darmstadt,
Germany); and osmolarity, using an osmometer,
model 5004 Micro-osmett™ (Precision Systems, Inc.,
Natick, MA, USA).

Statistical analysis

Data were tabulated in Microsoft Excel® spreadsheets
and evaluated in environment R version 2.11.1 (2010).
After testing for normality with the Shapiro-Wilk test
(z = 0.05), data that did not normalize even after
transformation (for example: total motility, vigour,
total sperm count, osmolarity, pH and normal sperm)
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were compared by Wilcoxon rank sum test. Normal data
(example: sample volume) were compared by z-test.
Contingency tables of data from success rate of ejacu-
lation were analysed by chi-square. Data are presented
with their respective means + standard errors.

Results
Behavioural and clinical aspects during the procedure

The average weight and body score (scale of 1-5) of
experimental animals in both groups were similar
(p > 0.05): control, 15.7 £ 1.5kg/3.9 £ 0.2 and
PGF2o + pheromone, 12.6 + 1.3 kg/3.5 £ 0.3. Imme-
diately after applying dinoprost tromethamine
(Lutalyse®), the following side effects were observed:
salivation (n = 10) and defecation of loose faeces
(n = 4). There were no effects that could be related to
an association between synthetic prostaglandin and
anaesthetics. There was no sexual behaviour observed
between the dogs and the bitch; for example, there were
no attempted mounts, even though she was impreg-
nated. Temperature of the animals before and after
treatment was 39.0 & 0.1 and 38.2 £ 0.2 in control and
38.9 £ 0.1 and 38.7 = 0.1 in PGF2x + pheromone
(p > 0.05).

Heart rate ranged from 96.0 = 6.7 to 77.6 £ 4.9 in
control, and 89.1 + 7.5 and 81.6 + 6.9 in PGF2u +
pheromone (p > 0.05). Respiratory rate ranged from
23.1 £ 1.9 to 14.8 + 2.9 in control, and 21.6 + 2.1
and 152 £ 1.4 in PGF2a + pheromone (p > 0.05).
Vocalization occurred only after returning from
anaesthesia for all dogs, beginning at the eighth series
of electrical stimulation, and when vocalization oc-
curred, half the initial dose of anaesthetic was applied.
Once the animal returned from anaesthesia, electrical
stimuli were applied to the voltage that resulted in
ejaculation. One of the dogs in the control group did not
ejaculate during the sequence of electrical stimuli at
100 mA, and a new sequence at 200 mA was initiated
until he ejaculated. The animal ejaculated during the
tenth series.

Electroejaculation protocol efficiency

Antegrade ejaculation occurred in 80% of the animals in
the control group and 100% in the PGF2« + phero-

Table 1. Seminal characteristics of antegrade ejaculate from dogs
subjected to electroejaculation before being stimulated by PGF2a/-
methyl 4-hydroxybenzoate pheromone association and control
(mean + standard error)

Variables Control PGF2o0 + pheromone  p value
Success rate (n) 8 (10) 10 (10) 0.456
Volume (ml) 1.9 + 0.8 1.5 + 0.5 0.744
pH 7.6 £ 0.3 74 + 02 0.473
Total motility (%) 10.1 + 4.5* 43,0 + 8.3* 0.019*
Vigour (0-5) 0.5 +£03 14 £03 0.066
Total sperm count (x10°) 68.1 £ 23.8 103.7 = 36.0 1.000
Osmolarity (mOsmol/1) 442.8 + 66.7 656.5 + 79.5 0.170
Normal sperm (%) 59.8 £ 13 42,7 + 8.8 0.324

*Are statistically different, with values of p < 0.05.
Ejaculation occurred beginning in the fifth stimulation series in the control group
and in the eighth series in the PGF2x + pheromone group, as shown in Table 2.

mone group, and did not differ between groups
(Table 1). All performed procedures (n = 20) were
efficient, and resulted in samples with sperm, even when
it come from retrograde ejaculation resulted in samples
with sperm, even if due to retrograde ejaculation. The
dogs subjected to electroejaculation responded similarly
to electrical stimulation regardless of the treatment
(Table 2). Sperm number and motility found in the
bladder before electroejaculation were always lower
than that observed after the procedure was performed.
This indicates that sperm collected in the bladder
was expelled during the procedure. Motility differed
significantly between treatments (p = 0.019), revealing
greater effectiveness in PGF2a + pheromone, as com-
pared to control (Table 1). Other variables did not differ
between treatments (Tables 1 and 2).

Discussion

Known side effects of PGF2a, such as salivation and
defecation (Kustritz and Hess 2007), occurred soon after
the administration of PGF2« and were brief; thus,
during those 10-min which the animals were kept in the
presence of the spayed bitch, these side effects were not
evident. We did not observe any difference between
groups for the vital signs, such as heart and respiratory
rate or rectal temperature.

The success rate of the electroejaculation was similar
for both treatments (Table 2). This may be due to the
fact that electroejaculation was performed with sine

Table 2. Percentage of antegrade electroejaculations and ejaculate characteristics per series in dogs previously stimulated by the PGF2« and

methyl 4-hydroxybenzoate compared to controls

Series
Variable Treatment Classification 1th 2th 3th 4th Sth 6th 7th 8th 9th 10th
Ejaculation (%) Control Absent 100 100 100 100 90 80 80 70 30 10
Semen 0 0 0 0 10 10 0 10 30 30
Urine 0 0 0 0 0 0 0 0 0 0
Semen + urine 0 0 0 0 0 0 0 0 20 10
EE* 0 0 0 0 0 10 20 20 20 50
PGF2o + pheromone Absent 100 100 100 100 100 100 100 60 40 0
Semen 0 0 0 0 0 0 0 10 20 10
Urine 0 0 0 0 0 0 0 10 0 0
Semen + urine 0 0 0 0 0 0 0 20 10 40
EE* 0 0 0 0 0 0 0 0 30 50

“EE, ejaculates already evaluated and recorded in previous series.
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waves, which uses lower voltage to induce ejaculation, as
compared with other equipment that uses other wave
types (Furman et al. 1975). The electrical pulse sequence
based on the work by Newell-Fugate (2009), which has
no rest interval between series, also made the whole
process continuous and progressive, without loss of
intensity between series. Different protocols of electro-
ejaculation used in canids, as used by Cunha et al.
(2008), have some rest between the series that allows to
loose erection during the procedure and can reduce the
performance of the electrical stimuli aiming the ejacu-
lation. It should be noted that probe repositioning
before the last two stimuli in each series (Newell-Fugate
2009) seems to be essential for keeping a homogeneous
and intimate contact between electrodes and the rectal
mucosa during the procedure.

The dogs used in this study began to ejaculate when
reaching 4.0 V stimulation, different from results
observed by Ohl et al. (1994) in which the dogs began
to ejaculate at 8 V and 93 mA. Regarding semen flow
during ejaculation, Ohl et al. (1994) observed 34 retro-
grade ejaculations in 35 electroejaculation procedures.
In this experiment, 100% of dogs from the
PGF2x + pheromone group and 80% from the control
group presented antegrade ejaculation, confirming what
has already been seen that probably wave type and series
procedure for applying stimuli were responsible for
more satisfactory results. The maximum voltage and
current used, 10.9 V and 100 mA, were similar to those
used by Ohl et al. (1994): 12V and 149 mA. It is
noteworthy that 40% of dogs from the control group
ejaculated at the tenth stimuli series when maximum
voltage was used.

There is divergence among results concerning libido
improvement in studies in which animals received
similar PGF2o analogues prior to semen collection.
Estienne and Harper (2004) used dinoprost trometh-
amine repeatedly to increase efficiency of semen collec-
tion from boars, but found no effects of this drug on
semen characteristics such as concentration, count,
motility and velocity. However, in previous research,
authors observed that dinoprost tromethamine effec-
tively increased libido of sexually inexperienced boars
(Kozink et al. 2002). In studies with dogs, neither
PGF2x nor oxytocin analogues were observed to
increase sperm number in ejaculate (Traas and Kustritz
2004), but when in the presence of an oestrous bitch,
sperm number was higher when just dinoprost trometh-
amine was used. In this study, we observed that dogs
showed little interest in females impregnated with
synthetic pheromone, while receiving dinoprost tro-
methamine. Furthermore, the dogs tended to adopt
typical rest behaviour, as to keep sitting or lying. To
contrast this observation with a natural condition of
male exposure to an oestrous female, we conducted a
parallel experiment (unpublished data) in which we
observed four dogs in the presence of an oestrous bitch.
We found that reaction time was the same for all
animals, including the jumping and attempted mount-
ing, and this behaviour lasted no more than 5 min (Ohl
et al. 1994).

Semen motility in dogs from the PGF2« + phero-
mone group was greater than from those in the control

group. Yeste et al. (2008) observed increased progressive
sperm motility in boars after the addition of PGF2« to
semen. Authors of experiments that used PGF2u« to
improve dog semen collection found no association
between PGF2a and significant improvement in motility
before semen collection (Traas and Kustritz 2004). The
effect eicosanoids have on sperm motility differs between
target species and prostaglandin structure. While E; and
E, prostaglandins were responsible for increased human
sperm motility by enabling a calcium influx and conse-
quent sperm capacitation (Shimizu et al. 1998), PGF did
not alter semen motility in pigs (Maes et al. 2003) and
demonstrated equivocal effects on bovine semen motil-
ity, depending on the dose, according to in vitro tests
(Karahan et al. 2006).

Total sperm number did not differ between treat-
ments. These results are consistent with previous studies
that found no positive effects of PGF2u« (singly) on
sperm concentration in dogs (Traas and Kustritz 2004).
However, in another work, it was observed that the
association of PGF2o application and the presence of an
oestrous bitch increased total sperm number in ejaculate
(Kustritz and Hess 2007) and that sperm production is
linked to the animal body weight (Olar et al. 1983).
Kustritz and Hess (2007) argue that the difference in
sperm number could have been caused by the large
difference in weight between dogs from different groups.
The decision to evaluate ejaculate osmolarity was made
considering this variable as an indicator of contamina-
tion by urine, which could reduce sperm motility.
However, no significant difference between osmolarity
values was found between groups. Because ejaculate
osmolarity in PGF2o + pheromone was slightly larger,
as compared to control, motility was higher in
PGF2x + pheromone.

Yellow colour in ejaculate indicates the presence of
contamination by urine, which was observed in 50% of
dogs in the control group and in 80% of dogs in the
PGF2x + pheromone group. We found that even
though a great percentage of ejaculates in the
PGF2x + pheromone were contaminated by urine, this
did not interfere with sperm motility. Our results
indicate that the association of xylazine, «-2 adrenergic
receptor agonist and ketamine was not effective in
preventing urination during ejaculation. These findings
differ from those reported by Romagnoli (2002), in
which the use of o-2 adrenergic agonists might be able to
close the bladder neck and prevent urination during
ejaculation. As shown in Table 2, there was no inter-
ference by dinoprost tromethamine during the latency
period, different from what was observed when using
ar-adrenergic antagonists to investigate the effects that
these drugs have on ejaculation in dogs (Yonezawa et al.
2001).

Future studies are needed to confirm our findings
regarding vigour, percentage of normal sperm and
osmolarity given that our sample size (n = 20) was
relatively small and the selection of study animals was
non-randomized. Finally, we conclude that improve-
ment in sperm motility and total number obtained in
antegrade ejaculations prior to PGF2« stimulation
before electroejaculation indicates that the association
of these eicosanoids with anaesthetics is safe for use in
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dogs. The association between PGF2« analogue and
methyl 4-hydroxybenzoate sex phero-
mone was shown to be effective in improving sperm
motility in dogs used in this study, and other evaluated
parameters indicate that it is possible to achieve better
electroejaculation results when dogs receive ejaculatory
stimulation prior to electroejaculation; the adopted
electroejaculation procedure, regardless of animals’
exposure to pre-ejaculatory stimuli, resulted in an
average of 90% antegrade ejaculations and 100% total
efficiency when we consider retrograde ejaculation.
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