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Abstract

Successful implementation of conservation programs for endangered species requires biological material
for use in reproductive biotechnologies. This enhances reproductive efficiency and helps increase the
populations of critically endangered species. One way to facilitate the exchange of genetics between
captive and free-ranging animals is through the creation of cryogenic banks that store cryopreserved
gametes. In particular, semen cryopreservation allows for this exchange to occur. We evaluated whether
the use of exogenous hormones (such as oxytocin and prostaglandin) prior to electroejaculation increases
seminal volume, sperm concentration, and the number of doses produced in the red brocket deer
(Mazama rufa). We also evaluate whether seminal parameters vary over the three stimulation cycles of the
same electroejaculation procedure. The treatments did not affect ejaculate volume (p = 0.402), the
number of sperm cells in the ejaculates (p = 0.926), total doses produced (p = 0.684), sperm mass
movement (p = 0.229), sperm cell concentration (p = 0.106), and acrosome integrity (p = 0.210). The use of
hormones has potential in reducing the need for stressful stimuli in electroejaculation, but the choice of
hormones must take into account their effects on semen quality.
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Introduction

Many cervid populations have experienced a significant decline attributed to several
factors, including habitat loss, diseases transmitted by domestic ungulates, and predation by
feral dogs (Duarte and Reis, 2012). This population decline leads to diminished genetic diversity
because of genetic drift, which combined with inbreeding depression, accelerates the process
known as the extinction vortex (Frankham, 2008).

Reproductive biotechnologies are effective tools for intervening in the process of genetic
loss, enabling the preservation of populations in cryogenic banks (Rola et al., 2021). Among
these techniques, semen cryopreservation is particularly important because it facilitates the
transfer of genetic material between institutions and zoos. This approach eliminates challenges
associated with animal transportation, reduces expenses, minimizes animal stress, mitigates
incompatibility issues between individuals, and reduces the risk of injury as well as disease
transmission (Pukazhenthi and Wildt, 2004). Semen collection can be performed using various
techniques, such as the use of an artificial vagina, electroejaculation, epididymal collection, and
testicular biopsy (Bainbridge and Jabbour, 1998; Silva et al., 2004; Spindler and Wildt, 2010;
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Silva et al., 2012; Silva et al., 2015). For wildlife, electroejaculation has been the preferred
technique because it can be performed under anesthesia, thus eliminating the need for
training or habituation to handling (Spindler and Wildt, 2010).

Studies in domestic animals have shown that semen volume and sperm count in ejaculates
increase after the intravenous administration of oxytocin five minutes before semen collection
(Knight and Lindsay, 1970; Berndtson and Igboeli, 1988; Assinder et al., 2000). This increase occurs
because oxytocin stimulates the smooth muscle of the epididymis, thereby facilitating the transport
of sperm through the ducts before and during ejaculation (Knight, 1974; Berndtson and Igboeli,
1988). Prostaglandin F2a (PGF) also increases smooth muscle contractility in both males and
females, which may facilitate the ejaculatory process. This effect has been demonstrated in dogs,
stallions, buffalo, and cattle (Cornwell et al., 1974; Hess, 2002; Ibrahim, 1988; Palmer et al., 2004).

This study evaluates whether oxytocin and cloprostenol (a synthetic analog of prostaglandin
F2a) increase sperm concentration and semen volume in the red brocket deer (Mazama rufa)
without affecting parameters of semen quality.

METHODS

This study was approved by the Ethics Committee on the Use of Animals (CEUA) of the
Faculdade de Ciéncias Agrarias e Veterinarias (FCAV) of the Universidade Estadual Paulista
(UNESP), Jaboticabal, Sdo Paulo, Brazil (approval number 4620/2018), in accordance with the
ethical principles adopted by the Colégio Brasileiro de Experimentacdo Animal (COBEA).

Animals

We used four adult male red brocket deer (Mazama rufa), all healthy and of reproductive
age (1-5 years old; body mass = 35.2 + 3.5 kg). These deer were part of the herd at the Nucleo
de Pesquisa e Conservacdo de Cervideos of the Faculdade de Ciéncias Agrarias e Veterinarias,
Universidade Estadual Paulista, Jaboticabal. Animals were housed individually in 12 m? (3 x 4
m) stalls, allowing olfactory and auditory contact with conspecifics and exposure to natural
light. The deer had access to water ad libitum and were fed daily. Their diet consisted of pelleted
feed (Equitech®, Presence, Paulinia, Sdo Paulo, Brazil) and approximately 1 kg/animal/day of
perennial soybean (Neonotonia wightii), ramie (Boehmeria nivea), or fresh mulberry (Morus alba)
branches, depending on availability in the field.

Treatments

We conducted four hormone treatments using a Latin square experimental design. This design
ensured that the treatment sequence was not repeated for any two animals or within the same
harvest period, thus eliminating the effects of treatment sequence and individual variation (Figure 1).
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Figure 1. Diagram of the experimental model of the four hormonal treatments to which male Mazama
rufa were subjected. The interval between collections was 35 days. CONT: control group (0.5 mL of 0.9%
saline solution); OX: oxytocin (20 Ul); OXPGF: combination of oxytocin (20 Ul) and cloprostenol (0.25 mg);
PGF: cloprostenol (0.25 mg).
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Treatments were administered after the loss of consciousness induced by chemical
restraint (see below, Figure 2A). The treatments included: (1) 0.5 ml of 0.9% saline solution as
the control (CONT) group, (2) 20 IU of oxytocin (hereafter OX; Ocitocina Forte, UCBVet Saude
Animal, Jaboticabal, SP, Brazil;), (3) 0.25 mg of cloprostenol (hereafter PGF; synthetic
prostaglandin, Ciosin®, MSD Saude Animal, Sdo Paulo, SP, Brazil;), and (4) 20 IU of oxytocin +
0.25 mg of cloprostenol (hereafter OXPGF). Semen was collected at 35-day intervals, with the
first collection serving to empty the reproductive tract.

Figure 2. Electroejaculation procedure in red brocket deer (Mazama rufa). A. Treatment administered by
intramuscular injection after the loss of consciousness induced by chemical restraint. B. The
electroejaculation procedure in progress. Note that the electroejaculation probe (yellow arrow) is inserted
into the animal's rectum, while the conical collection tube is positioned at the animal's prepuce. C. Semen
collection following electroejaculation stimulation. Photos: NUPECCE.

Eletroejaculation

For semen collection, the animals were chemically restrained with an intramuscular
administration of 1 mg/kg xylazine and 7 mg/kg ketamine. The animals were positioned in
lateral decubitus, and their rectums were emptied to prevent fecal matter from disrupting the
conduction of electrical stimuli. Moreover, the prepuce was washed with a 0.9% saline solution.

Collection by electroejaculation was conducted as described by Favoretto et al. (2012) for
cervids, with some modifications. Each animal received 10 electrical stimuli, with intensities
ranging from 250 to 750 mA (P.T. Electronics, Boring, OR, USA). Each stimulus lasted 3 seconds,
with a 3-second rest period between stimuli. Before initiating the stimuli, we checked for semen
in the prepuce by spontaneous ejaculation (T0). Next, three cycles (C1, C2, and C3) of 10 stimuli
were performed, with 5-minute intervals between cycles. Semen was collected in conical tubes
preheated in a water bath at 37 °C (Figure 2). The collection tube was replaced after each
electrostimulation cycle and kept in the water bath (37 °C) until evaluation. The evaluations
were performed independently to determine whether seminal parameters changed during the
electroejaculation procedure.

Seminal evaluation

Semen was evaluated for physical and morphological characteristics following the
guidelines of the Colégio Brasileiro de Experimentacdo Animal (CBRA, 2013). All evaluations
were performed by a single evaluator who was unaware of the treatment administered
(double-blind), thus eliminating evaluator bias. Each ejaculate (undiluted fresh semen) was
evaluated for volume (using an automatic micropipette, in yL), color (whitish, white, ivory,
yellow, or other), appearance (creamy, milky, or watery), pH (using a Merck reagent strip,
Darmstadt, Germany), and wave motion (mass movement of sperm, rated from O to 5).

Because the ejaculates of Mazama spp. contain a high concentration of sperm (1,100-3,995 x 10°
sperm/mL for M. americana; Favoretto et al., 2012), we initially diluted the semen 1:2 with Tris-yolk (a
solution comprising Tris buffer, glycerol, citric acid, glucose, distilled water, and egg yolk). We
conducted the microscopic evaluation subjectively, replicating the procedure used in free-ranging
animals. We used an Olympus CX31 optical microscope (Olympus Corporation) to evaluate four
seminal parameters: (1) vigor (the intensity of sperm flagellar movement on a scale from 0 to 5), (2)
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motility total (the proportion of motile sperm, measured in %), (3) acrosome integrity (using simple
acrosome staining; Pope et al., 1991), and (4) plasma membrane integrity (using the eosin-nigrosin
staining method).

Sperm concentration was evaluated using a Neubauer hemocytometer chamber by analyzing
an aliquot of fresh semen (without any dilution) fixed in formalin saline (1:200 dilution). This
allowed us to calculate the concentration of sperm per milliliter of ejaculate (sptz x 10%/mL) as
well as the concentration of sperm in each individual ejaculate. The number of inseminating
doses collected was determined after accounting for the amount of diluent (Tris-yolk), based on
the sperm concentration and the volume of the ejaculate. The doses were filled into 0.25 mL
straws, each containing 25 x 108 sperm.

Data analysis

To evaluate the effects of the treatments (CONT, OX, PGF, and OXPGF) on total seminal
parameters, we summed the values from each cycle of electroejaculation stimulation for each
animal (TO + C1 + C2 + C3). To check the effects of the treatments on the seminal parameters of the
individual ejaculates (TO, C1, C2, C3), we used the raw values obtained in each stimulation cycle. The
results are presented using descriptive statistics (mean and standard error) in the R software (R
Development Core Team, 2013). We checked the normality of the residuals using the Shapiro-Wilk
test and the homogeneity of variances using Bartlett's test. We performed the F-test for parametric
data and the Tukey test for nonparametric data. The significance level for all tests was set at 5%.

Results

Ejaculates were obtained in all cycles of electroejaculation stimulation. The exceptions were two
animals in the control group; one animal ejaculated only during the third stimulation cycle, and the
other did not ejaculate during the third cycle (Table 1). In four semen collection procedures (2 CONT,
1 PGF, and 1 OX), ejaculation occurred prior to the electroejaculation procedure (TO0).

All the collected samples were classified as white, and their appearance varied among
creamy (CONT: 66.67 £ 0.41%, n = 08; OX: 53.85 £ 0.48%, n = 07; PGF: 33.33 + 0%, n = 04; OXPGF:
46.15 + 0.50%, n = 06), milky (CONT: 8.33 + 0%, n = 01; OX: 23.08 + 0.35%, n = 03; PGF: 33.33
0.29%, n = 04; OXPGF: 30.77 £ 71.00%, n = 04), and aqueous (CONT: 25.00 + 0.35%, n = 03; OX:
23.08 £ 0%, n = 03; PGF: 33.33 + 0.29%, n = 04; OXPGF: 30.77 £ 0.71%, n = 04). This variation
indicates different proportions of seminal plasma and sperm cells in the samples, with the
creamy appearance indicating a higher concentration of cells. However, treatment did not
influence sample appearance (p = 0.702).

When comparing the ejaculates (Figure 3), we found no effect of treatment on the total
ejaculate volume (p = 0.402) and on the number of cells in the ejaculates (p = 0.926), and thus
no effect on the number of doses produced (p = 0.684). Moreover, we found no effect of
treatment on wave motion (p = 0.229), sperm cell concentration (p = 0.106), and acrosome
integrity (p = 0.210).

The treatments affected the pH of the semen (p = 0.004), sperm vigor (p = 0.0002), sperm
motility (p = 0.003), and the integrity of the plasma membrane (p = 0.006). The mean pH of the
ejaculates did not differ between the treated groups but was consistently higher than the pH
of the control group. The exception was the OXPGF treatment, which did not differ from the
control group.

Sperm vigor in the OXPGF group was lower than that of the other groups, but it did not
differ significantly from the PGF group. Although the vigor in the OX group did not differ
significantly from that of the control group, it showed the highest values.

Motility was negatively affected in the animals that received cloprostenol (PGF group) and
the combination of hormones (OXPGF group). However, oxytocin (OX group) did not affect
motility, as the values were similar to those in the control group. Although motility was
negatively affected in the OXPGF group, it did not differ significantly from the group that
received oxytocin.
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Table 1. Mean and standard error (SE) of the physicochemical (volume and pH) and microscopic characteristics (mass movement, motility, vigor and concentration) of semen from
different red brocket deer (Mazama rufa) ejaculates collected by electroejaculation under the influence of 0.9% saline solution (control group, CONT), 20 IU of oxytocin (OX), 0.25mg
of cloprostenol (PGF), or a combination of oxytocin and cloprostenol (OXPGF).

Control (CONT) Oxytocin (OX) Cloprostenol (PGF) Association (OXPGF)
(o] (o] c1 (o] c1 c2 c1 c2
Total volume (mL) 0.900 £ 0.02 0.560+0.12 0.225+0.05 0.515+0.12 0.040+0.00 0.205+0.04 0.925+0.17 1.380+0.17 0.04 0.600+0.11 0.625+0.17 0.380+0.09 0.035 1.010+£0.15 0.249+0.09 0.612+0.18
pH 6.25+177 683+029 70+050 75+000 7.0+024 750+091 7.88+029 825+029 7.00 738+0.85 80x091 8.0+0.82 7.00 7.0£041 738+0.75 825+0.87
Mass movement

©-5) 40+000® 50+000° 4.0+000® 267+058" 3.0+095 40+082 275+150 325+1.50 200 375+1.89 30+129 250+129 4.00® 425+050*° 250+1.29% 225+0.96°

Vigor (0-5) 35+£071 367+058 3.0+£000 267+058 30+033 350+£058 30+050 325050 200 3.0%1.15 275+096 233+058 300 250+058 233+x058  225+0.50
Motility (%) 90.0+0.00* 86.67+5.772 75.0+5.00% 70.0+0.00° 80.0+6.09 85.0+10.00 81.67+16.52 68.75+16.52 30.00 72.50+23.63 60.0+19.15 56.67+20.82 80.00 77.50+9.57 60.0+20.82 42.50+33.04

Concentration

(<10%/mL) 507+273 506+1.05 3.81+1.83 340+1.21 290+0.00® 548+246° 271+061® 1.19+061° 066 425£295 1.23+129 147+170 570 573258 4.09+3.15 0.83:0.13

Sperm/ejaculate
(x10°)
Totaldoses(n) 21.0+9.19 121.0+27.93 2604153 820+2579 50+507 340+3.06 750+933 580+933 1.00 126.00+28.87 23.0+1050 350+1504 800 223.0+4926 460+3.06 20.0+833

026+023 1.01+070 0.22+0.03 070+065 0.12+000 022+019 048+023 036+023 000 079+072 039+058 030+037 020 1.12+143 039+0.07 0.18+0.19

Motile cells in the

ejaculate (x10°) 023+021 090+064 0.17+0.03 1236+2047 0.09+0.00 020+017 051+020 026+020 000 068+066 031+0483 022+031 016 080+099 027+0.07 033+054

M integ-
em::;?; ;"teg 9225+389 930+3981 835+889 5954555 920+102 91.88+614 9367+250 9225+250 9300 7038+4360 68.88+4592 61.17+5314 9750 8225+2320 82.67+805 75.13+3557

Acrosome
integrity (%)
* Only one animal ejaculed before the first cycle of electroejaculation.

96.5+2.12 91.5+£3.91 8833580 67.17+4555 86.0 +1.42% 83.67 +11.25° 8538+2.17° 96.88+2.17¢ 89.00 84.88+13.85 9225+429 9233+0.71 84.00 84.25:1436 83.67+1478 86.67+589
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Figure 3. Graphical representation of sperm evaluation (mean + SE) of Mazama rufa. A. total ejaculate
volume (uL). B. Number of sperm in the ejaculate (x10°). C. Number of doses produced (0.25 mL straws
with an insemination dose of 25 x10°).

The animals in the OX and OXPGF groups exhibited a higher proportion of sperm with an
intact plasma membrane, although these proportions were not significantly different from
those in the control group. The animals in the OX and OXPGF groups exhibited a higher
proportion of sperm with intact plasma membranes, although these proportions did not differ
from the control group. The animals in the PGF group exhibited the lowest number of cells with
intact membranes, although these values did not differ from the OXPGF and control groups.

During the collection of semen from cervids using electroejaculation, it is unnecessary to
complete all three cycles of electrostimulation. Once the appearance of the semen changes
from milky to watery, which indicates a depletion of stored semen, the stimulation process is
interrupted. Based on this, we also examined the effect of hormones throughout the
procedure of semen collection. We found that treatment with OXPFG influenced the mass
movement of sperm cells within the same electrostimulation cycle (p = 0.026). The highest
mass movement was observed in the samples from the first stimulation cycle (C1), and the
lowest mass movement was observed in the samples from the third cycle (C3). However, the
mass movement in cycles C1 and C3 was similar to that in the second cycle (C2) and to that of
the semen collected before starting the stimulation (T0).

The proportion of motile cells in the ejaculate of the control group also varied significantly
(p = 0.006). The proportion was highest in the first post-stimulus collection (C1), but it only
differed from the third cycle (C3), which had the lowest proportion. However, the third cycle
was statistically similar to the second cycle (C2). The number of inseminating doses produced
in the OXPFG group varied significantly between collection times (p = 0.044). The first
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stimulation cycle (C1) produced the highest number of doses, and the second cycle (C2)
produced the lowest number of doses. The number of inseminating doses produced was
similar among the other cycles.

The concentration of sperm cells (p = 0.040) and the proportion of sperm cells with intact
acrosomes (p = 0.018) differed between the collection times in the OX group. In terms of sperm cell
concentration, the highest concentration was observed in the first cycle (C1), which was significantly
different from the lowest concentration in the third cycle (C3). However, there were no significant
differences between the other times (TO and C2). Regarding acrosome integrity, the highest
proportion of cells with intact acrosomes was observed in the third cycle (C3), which differed
significantly from the lowest proportions observed in the first and second cycles (C1 and C2).

Therefore, when there is an effect of collection time within each treatment, the first
collection cycle yields the best results. However, when examining the effects of treatments
within a single collection time, no significant treatment effects were observed for any of the
variables (p > 0.05).

Discussion

The red brocket deer (Mazama rufa) was recently revalidated as a species by Peres et al.
(2021). This species was previously considered synonymous with Mazama americana, which is
considered a polyphyletic complex of cryptic species with large chromosomal divergence that
results in reproductive isolation (Cursino et al., 2014; Salviano et al. 2017). Thus, this study is
the first to present seminal characteristics of Mazama rufa.

The mean ejaculate volume (347.50 + 54.94 pL, CONT) we obtained in M. rufa was similar to
that obtained for M. americana using the same technique (320 + 160 pL in Favoretto et al., 2012;
390 £ 140 pL in Rola et al., 2013; 200-400 pL in Duarte and Garcia, 1995).

Although we observed an effect of the treatments on semen pH, the values observed are
within the pH range (6 to 8) for other cervids (Rola et al., 2013), but higher than those reported
for cattle (6.4 to 7.8) and sheep (5.9 to 7.3) (Garner and Hafez, 2004).

Previous studies have primarily examined the effects of exogenous oxytocin and
prostaglandin on electroejaculation in cattle and sheep, focusing on whether these hormones
reduce the duration of the electroejaculation procedure, especially the time and number of
stimuli required for ejaculation (Palmer et al., 2004; Ungerfeld et al., 2016; Ungerfeld et al., 2018;
Fernandes et al., 2021). The use of the electroejaculator can cause stress and pain for the animal,
thus raising concerns about animal welfare. It can also alter physiological patterns, such as serum
cortisol concentration, respiratory and heart rate, as well as hematological and biochemical
parameters (Stafford etal., 1996; Mosure etal., 1998; Abril-Sdnchez etal., 2017). This is
particularly true for cervids, which are highly susceptible to stressful stimuli (Duarte, 2010).

Although we found no significant differences between the treatments and the control
group, or in relation to the ejaculates or collection time, we believe that some form of effect
occurred. This idea is supported by the higher seminal volume collected in the treatments with
exogenous hormones compared to the control group and M. americana (Duarte and Garcia,
1995; Favoretto et al., 2012; Rola et al., 2013). This is because both hormones can stimulate
ejaculatory processes. Prostaglandin promotes peristaltic contractions of the seminiferous
tubules, which may favor the exit of sperm from the Sertoli cells, moving them towards the
rete testis and eventually the epididymides (Ellis et al., 1981). Oxytocin is associated with penile
erection, and its hypothalamic pulse is associated with ejaculation (Thackare et al., 2006).
Moreover, oxytocin acts directly on the activation of the myosin light chain, causing muscular
contraction of the seminiferous tubules (Worley et al., 1956; Niemi and Kormano, 1965), the
epididymides, the vas deferentia, and the ampulla (Nicholson et al., 1999; Whittington et al.,
2001). Additionally, it indirectly stimulates the synthesis of prostaglandin F2a (Fuchs et al.,
1981; Phaneuf et al., 1993).

Unlike previous studies that reported no influence of treatment on semen quality
(Ungerfeld et al., 2016; Ungerfeld et al., 2018; Fernandes etal., 2021), we found negative
effects on seminal quality in treatments using only prostaglandin. In this treatment, we
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observed the highest rates of sperm exhibiting plasma membrane damage. This could be
attributed to the role of prostaglandin in selectively controlling the phospholipid membrane of
sperm during capacitation, an important process in oocyte fertilization (Voglmayr, 1973; Kelly,
1981). The use of this protocol may have accelerated the process of sperm maturation and
capacitation, making the sperm vulnerable to plasma membrane damage.

Most studies involving oxytocin and prostaglandin treatments in small ruminants aimed to
determine whether the electroejaculation procedure could be shortened, thereby reducing the
time the animals are exposed to the stressful stimuli of electroejaculation. However, these
experiments were conducted with the animals awake and without the use of anesthesia
(Ungerfeld et al., 2018; Fernandes et al., 2021). These studies found that the use of hormones
reduced the number of stimuli needed for ejaculation. Ungerfeld et al. (2018) suggest that using
hormones could facilitate semen collection in wild ruminants, such as cervids. This is relevant
because these animals need chemical restraint to perform the procedure, exhibit an increased
risk of mortality during prolonged anesthesia, and are highly sensitive to stressors (Duarte, 2010).

Conclusion

Although we found no significant differences among the treatment groups and the control
group in terms of ejaculate volume and sperm concentration in the collection cycles, we believe
that the treatments may still have influenced certain seminal parameters. Our findings indicate
that the first cycles of electrical stimulation improved semen quality parameters, suggesting
that the electroejaculation procedure can be terminated once ejaculation occurs, thereby
preserving semen volume and characteristics. Based on our findings on acrosome integrity, we
advise against using the cloprostenol protocol in conjunction with the electroejaculation
procedure in red brocket deer.
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