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Abstract

We tested the protective action of seminal plasma on epididymal spermatozoa from Iberian red deer, especially considering
cryopreservation, as a means for germplasm banking improvement. We obtained seminal plasma by centrifuging electroejaculated
semen, and part of it was thermically inactivated (denatured plasma; 55 °C 30 min). Epididymal samples (always at 5 °C) were
obtained from genitalia harvested after regulated hunting, and pooled for each assay (five in total). We tested three seminal plasma
treatments (mixing seminal plasma with samples 2:1): no plasma, untreated plasma and denatured plasma; and four incubation
treatments: 32 °C 15 min, 5 °C 15 min, 5 °C2 hand 5 °C 6 h. After each incubation, samples were diluted 1:1 with extender: Tes-Tris-
Fructose, 10% egg yolk, 4% glycerol; equilibrated for 2 h at 5 °C, extended down to 10° spz./mL and frozen. Sperm quality was
evaluated before 1:1 dilution, before freezing and after thawing the samples, assessing motility (CASA) and viability (percentage of
viable and acrosome-intact spermatozoa; PI/PNA-FITC and fluorescent microscopy). Plasma treatment, both untreated and denatured,
rendered higher viability before freezing and higher results for most parameters after thawing. The improvement was irrespective of
incubation treatment, except for viability, which rendered slightly different results for untreated and denatured plasma. This may be due
to the presence of thermolabile components. We still have to determine the underlying mechanisms involved in this protection. These
results might help to improve the design of cryopreservation extenders for red deer epididymal sperm.
© 2006 Published by Elsevier Inc.
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1. Introduction strategies. One of the most promising ones is the use of
artificial reproductive techniques and germplasm

Conservation of biodiversity is a difficult but banks, which provide flexible means of management,
essential task that must be approached using diverse and allow to indefinitely store genetic material from

whole populations [1]. However, obtaining germplasm
from wild animals is generally problematic. Thus

—_— » ) . o post-mortem collection — either from hunted or
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Post-mortem semen samples are obtained from the
cauda epididymis, where mature spermatozoa in the
male genital tract are stored. However, it has been
shown that the fertility of epididymal spermatozoa
diminishes notably if they are submitted to stressing
conditions during the cryopreservation process [2], and
there is evidence that sperm DNA is altered in this
situation [3]. Although spermatozoa from the cauda
epididymis have been compared to ejaculated sperma-
tozoa in terms of functionality and fertility [4], there are
many differences, the most important being the
different environment surrounding them: epididymal
fluid vs. seminal plasma. Seminal plasma is known to
exert many effects on spermatozoa, many of them by the
direct action of seminal plasma proteins [5—10]. Some
of these effects are negative for sperm storage and
cryopreservation; thus, Dott et al. [11] found that the
incubation of epididymal spermatozoa in seminal
plasma was detrimental for survival (dog, ram and
bull). These effects are due to a capacitation-inducing
effect of the seminal plasma in many species [6,7,12—
16]. Moreover, a recent study on the addition of bull
seminal plasma to African buffalo epididymal sperm
before cryopreservation [17] reported negative results.
We must consider that this effect could be due to the
enhancing effect of some bovine seminal plasma
proteins on capacitation [6], or to a species effect,
expressed through a differential sensinivity to the
seminal plasma from a different species. Besides,
Tecirlioglu et al. [18] found that the addition of seminal
plasma to mouse epididymal sperm decreased motility
and prevented fertilization.

Nevertheless, seminal plasma has shown positive
effects in many studies, both on washed ejaculated
spermatozoa and epididymal spermatozoa. In contrast to
the capacitating action of some proteins, others regulate
sperm function, including suppression of capacitation
and acrosome reaction [5,10,19-22]. Moreover, seminal
plasma proteins modulate the interaction of spermatozoa
with the female genital tract and exert an immunosup-
pressive action [20,22-27]. Furthermore, it has been
demonstrated that seminal plasma improves, and even
reverses, cold shock in washed ejaculated spermatozoa
from ram [8,28], and also cryopreservation results in this
species [29]. Fertility trials have shown that ovine Al
results can be improved by addition of seminal plasma,
both with cooled [30] and cryopreserved semen [31].
Other beneficial effects of seminal plasma supplementa-
tion have been noted in bovine [32], boar [21,33] and
human semen [34-37].

Apart from the effect of proteic factors on sperm
functions, the beneficial effect of seminal plasma is due

to the presence of reactive oxygen species (ROS)
scavengers, not only enzymatic (superoxide dismutase,
catalase, glutation peroxydase) but also non-enzymatic
(a-tocopherol, ascorbic acid, glutation, etc.) [36—46].
Although it has been demonstrated that the epididymis
possesses an antioxidant system [47], the low volume
of epididymal fluid and the high dilution undergone by
epididymal spermatozoa during the collection process
could increase their vulnerability to ROS, whereas
whole semen might provide a more efficient antiox-
idant environment, due to the secretions of the
accessory sex glands [44,45]. In fact, Braun et al.
[48] showed that flushing and storing epididymal
spermatozoa with seminal plasma was beneficial for
motility.

The objective of the present study is to evaluate the
effect of seminal plasma on epididymal sperm obtained
from Iberian red deer, especially during the cryopre-
servation process. This species has a high value in
Spain, both ecological and economical, being the most
appreciated hunting species. Creation of germplasm
banks would greatly enhance management of these
populations and preserve its genetic wealth, threatened
by inbreeding and hybridization [49]. In this case, a
major source of sperm for germplasm banking consists
on post-mortem epididymal samples from controlled
hunting. However, although many studies on cryopre-
servation of post-mortem sperm samples from red deer
have been carried out [50-54] and successful pregnan-
cies have been achieved [55,56], there are still many
improvements to accomplish on the cryopreservation
and application of these samples. Indeed, several studies
on this species have shown important loss of quality
pertaining manipulation and cryostorage of epididymal
samples [2] and, as indicated above, Esteso et al. [3]
showed that these changes may involve DNA damage.
Since this could be caused by the lack of protection of
epididymal samples, quality may be better preserved
treating the samples with appropriate media, such as
seminal plasma.

Nevertheless, there is a general concern on the risk of
disease transmission that any assisted reproductive
technique conveys [57,58]. Use of seminal plasma from
one animal to treat the washed or epididymal
spermatozoa of another could incur in contamination
with pathogens, especially in wild or half-domesticated
species, which cannot be submitted to veterinary control
as strictly as the domesticated ones. Another drawback
from using seminal plasma is the variability between
subjects and collecting seasons. Many studies have
demonstrated that seminal plasma composition and
protective ability vary not only between individuals of
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different fertility [59,60], but also between periods of
the year in seasonal breeders (such as cervids living in
temperate climates) [61,62]. Thus, the research lines
aimed to determine the beneficial action of seminal
plasma on washed or epididymal sperm should try to
identify its key components and use them (obtained
from non-animal sources) to improve preservation
media, rather than using the seminal plasma itself.
However, seminal plasma, once stated its quality and
sanitary condition, could be used to improve the
cryopreservation of samples from endangered species
or valuable individuals.

In this experiment, we supplemented epididymal
samples with seminal plasma (untreated and heat
treated) obtained by electroejaculation of red deer stags,
and applied several incubation treatments (different
temperatures and times). The use of different incubation
treatments was included in order to enhance the
detection of differences between plasma treatments
and to help to identify possible protective mechanisms.
We intend to determine if seminal plasma would
improve epididymal sperm cryopreservation, which
may eventually help to enhance current protocols for
red deer and similar species.

2. Materials and methods

All chemicals were of AnalR grade, and acquired
from Sigma (The Netherlands), except otherwise
stated.

2.1. Experimental protocol

Selected epididymal samples (at least 50% motile
sperm) were pooled to increase available volume. A
factorial design (3 x 4) was followed in order to test the
effect of seminal plasma and incubation treatments on
epididymal sperm. Each pool was split into three, and
two of the aliquots were diluted (1:2) with untreated
seminal plasma and denatured seminal plasma, respec-
tively. Then, each aliquot was divided into four and each
submitted to a different incubation treatment: 32 °C for
15 min (water bath), and 5 °C for 15 min, 2 h and 6 h,
respectively. After incubation, each aliquot was
analyzed, diluted 1:1 with extender, and, after
equilibration and final extension, frozen. All the
aliquots were also analyzed just before freezing and
just after thawing. We performed the following analysis:
motility (CASA), and viability (percentage of viable
and acrosome-intact spermatozoa). We carried out five
replicates, always within the breeding season.

2.2. Sperm recovery

Genitalia were collected from 37 Iberian red deer
(Cervus elaphus hispanicus, Helzheimer 1909) har-
vested in the game reserves of Ancares, Mampodre and
Picos de Europa (Ledn, Spain). All the animals were
adults and lived in a free-ranging regime. Sample
collection was carried out from the second fortnight of
September to the first fortnight of November (within the
breeding season). Harvest plans followed Spanish
Harvest Regulations, Law 4/96 of Castilla y Ledn
and Law 19/01 of Extremadura, which conforms to
European Union Regulations. Furthermore, species and
number of individuals that can be hunted, as well as the
exact periods of the year when hunting can take place,
are reviewed each year by the Annual Hunting
Regulation of the respective regions.

Scrotum, including testicles and epididymes, were
removed from the carcass and refrigerated down to 5 °C
as soon as possible. Date and time of death, collection
and refrigeration were noted and attached to the
corresponding sample. Refrigerated genitalia were sent
to our laboratory at the Veterinary Clinic Hospital of the
University of Le6n (Spain), arriving within 48 h post-
mortem.

Sample manipulation was carried out in a walk-in
fridge (5 °C). Testicles with epididymes and vas
deferens attached were isolated from the scrotum and
other tissues. Epididymes were dissected free from the
testicles, and cleaned of connective tissue. To avoid
blood contamination, superficial blood vessels were
previously cut and their contents wiped out. Season and
post-mortem time were attached to each sample.
Spermatozoa were collected making several incisions
on the cauda epididymis with a surgical blade, and
taking the liquid emerging from the cut tubules with the
aid of the blade.

An aliquot of each epididymal sample was diluted in
PBS (pH 7.4), warmed to 37 °C and visually assessed
for motility (phase contrast microscopy; Nikon Labo-
phot-2 with a warming stage at 37 °C). Selected
samples (at least 50% motile sperm) were pooled
(always at 5 °C), carrying out the protocol described in
2.1. We obtained samples on 5 different days, thus
producing five pools. In total, 20 were considered
acceptable for the experiment, and each pool included
samples from four to six males.

2.3. Obtaining and processing seminal plasma

Ejaculates were obtained in September (breeding
season) from adult Iberian red deer stags using
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electroejaculation. The animals were housed in a half-
freedom regime at the University of Castilla-La Mancha
(Albacete, Spain). Before electroejaculation, stags were
restrained and anesthetised by intravenous injection of
xylacine and ketamine (Rompun®™ 2% and Imal-
gene1000™). Electroejaculation was carried out using
a 3-electrode probe (25 cm X 3 cm), at average values
of 45V and 90 mA. Anesthesia was reverted with
yohimbine 0.9%.

Animal handling was performed in accordance with
the Spanish Animal Protection Regulation, RD223/
1998, which conforms to European Union Regulation
86/609.

We centrifuged seminal samples at 600 x g for
15 min, collecting the clear supernatant (seminal
plasma). Seminal plasma from several males was
mixed, aliquoted and frozen (—80 °C) until use. After
thawing, half of the seminal plasma was submitted to a
heat treatment (55 °C for 30 min) and then transferred
to ice for cooling, in order to inactivate heat-labile
factors [63] (denatured seminal plasma).

The effect of heat inactivation of seminal plasma was
tested by obtaining the proteinogram of untreated and
denatured plasma. Electrophoresis strips, buffer and
staining solution were purchased from Biosystems
(Spain), other chemicals from Sigma (Spain). About
2 pL of sample were applied on an cellulose acetate
strip (ref. 19000), previously moistened with electro-
phoresis buffer (Buffer 1 for electrophoresis; ref.
20000). The strip was mounted on a frame and placed
on an electrophoresis tank with two cubettes. The ends
of the strip were checked to ensure that they were in
contact with the electrophoretic buffer in each cubette.
Electrophoresis was carried out at 200 V for 35 min
(power source EF-657-N, Argemi, Spain). The strips
were stained with amido black staining solution for
electrophoresis (ref. 20009), in a rotative stirrer for
5 min. After staining, they were rinsed four times with
45% methanol (ref. M3641) plus 10% acetic acid
(glacial; ref. A6283) in water (2 min in a rotative
stirrer). They were then dehydrated (1 min in methanol,
in a rotative stirrer). Finally, they were transferred to a
cyclohexanone solution and kept for 10 min in a rotative
stirrer. This solution was prepared by mixing 8.5 mL
methanol, 1.4 mL acetic acid (glacial) and 0.1 mL
glycerol (ref. G7893). Then, 9 mL of this mix were
added to 261 mL of methanol, adding 30 mL of acetic
acid (glacial). The cyclohexanone solution was dis-
carded and remade each fortnight. The strips were
applied to a glass plate and heated with an infrared
lamp, until they were totally transparent, and they were
left at room temperature for 2 h for complete drying.

Stained protein bands were read using an Automatic
Electrophoresis Interactor BT-506 (Biotecnica, Rome).

2.4. Cryopreservation protocol

We diluted the samples 1:1 with Tes-Tris-Fructose
extender, containing 10% egg yolk and 4% glycerol
[64]. We added the extender at the same temperature as
the sample (5 °C or 37 °C). The samples incubated at
37 °C were put in a glass with 100 mL of water at the
same temperature before putting them at 5 °C, in order
not to cause an abrupt change. After being left at 5 °C
for 2 h, the samples were further diluted with the same
extender down to 1000 x 10° sperms/mL and packed in
0.25 mL French straws. Freezing was carried out using
a programmable biofreezer (Planner MRII™), at
—20 °C/min down to —100 °C, and then transferred
to liquid nitrogen containers. Thawing was performed
by dropping the straws into water at 65 °C for 6s.

2.5. Sperm analysis

For motility assessment, 5 pL of sample were
diluted in 500 nL of PBS (pH 7.4; ref. P3813). A
5 pL drop was put on a prewarmed slide and covered
with a coverslip. The sample (at least five fields) was
examined with a phase contrast microscope (Nikon
Labophot-2; negative contrast optics), with a warming
stage at 37 °C. Analysis was carried out using a CASA
system (Motility Analyzer v. 7.4G, Hamilton-Thorne
Research™), and the following parameters were used
for the study: total motility (%; TM), progressive
motility (%; PM), average path velocity (um/s; VAP),
linearity (%; LIN). A spermatozoon was considered
motile when VCL > 10 wm/s, and progressive if
VCL > 25 pm/s and STR > 80% (VCL—curvilinear
velocity and STR—straightness, were also provided by
the CASA). Detailed explanation of the descriptors of
sperm movement is provided elsewhere [65]. We used
the following configuration as displayed in the software
setup: frames acquired, 20; frame rate at 25 sfl;
minimum contrast, 10; minimum size, 9; Lo/Hi size
gates, 0.9/2.1; Lo/Hi intensity gates, 0.4/1.6; non-motile
head size, 9; non-motile brightness, 10; medium VAP
value, 25; low VAP value, 10; slow cells motile, NO;
threshold STR, 80. Thus, the image acquisition rate was
25 frames/s and the acquisition time was 0.8 s.

Viability and acrosomal status assessments were
carried out simultaneously using fluorescent probes
(modified from Cheng et al. [66]). Samples (pre-
freezing and post-thawed) were diluted in PBS
(1:100), and stained with prodidium ioide (PI;
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25 pg/L; ref. P4170) and PNA (peanut agglutinin; ref.
L7381) conjugated with FITC (1 pwg/mL). Then, they
were kept 10 min in the dark before being analyzed
with an epifluorescence microscope (Nikon Optiphot;
x400, 450-490 nm excitation filter, 510 nm dichroic-
beam splitter, 520 nm barrier filter). At least 100 cells
were counted, discriminating between red (non-viable,
acrosome intact), red-green (non-viable, acrosome
damaged), green (viable, acrosome damaged) and
non-stained (viable; acrosome intact) spermatozoa.
For data analysis, we used the percentage of viable
spermatozoa with intact acrosomes (non-stained
cells). For brevity, we will refer to this parameter as
viability.

2.6. Statistical analysis

Recovery after cryopreservation was calculated as
the ratio between post-thawing and pre-freezing values
(post-thawing/pre-freezing x 100). For VAP and LIN,
the correction proposed by Katkov and Lulat [67] was
applied before calculating recovery (parameterxTM/
100).

Data were normalized for variance (arc sine
transformation for percentages and log transformation
for other data), and analysed using factorial ANOVA,
using pool as block, and plasma treatment (no plasma,
plasma and denatured plasma) and incubation treatment
(32 °C 15 min; 5 °C 15 min; 5 °C2 h;and 5 °C 6 h), and
their interactions as factors. Treatment groups (when
the effect of a factor or interaction was significant) were
compared using Tukey—Kramer multiple comparison
for adjusted means.

3. Results

The proteinogram of the untreated and denatured
plasma pools are shown in Fig. 1. Heat-inactivated

W

Electrophoresis

Protein

Fig. 1. Proteinograms of untreated (above) and denatured (below)
seminal plasma. Both graphs have been displaced in the y-axis
direction in order to notice the differences.

plasma showed a clear reduction in the quantity of
detectable protein.

The analysis of the statistical model (Table 1)
showed that plasma treatment significantly affected
sperm parameters after cryopreservation, and its
recovery, but its effect was not significant in the initial
and pre-freezing analysis (except for viability in the pre-
freezing analysis). However, the effect of incubation
was noticeable even in the initial analysis, and it was
evident in the pre-freezing, post-thawing and recovery
analysis, when it affected most parameters. Never-
theless, we did not find any significant interaction
between these two factors, apart from viability in the
pre-freezing and post-thawing evaluations.

Comparison between plasma treatments (Table 2)
showed no differences in the initial assessment. In the
pre-freezing evaluation, viability of plasma treated
samples was higher than in untreated samples. Post-
thawing and freezing-thawing recovery recorded a
general significant decrease of quality values in
untreated samples in comparison with plasma samples
(except for LIN results). There were no significant
differences between untreated and denatured plasma.

Table 1
Significance of each factor and interaction for each parameter

Assessment  Parameter Plasma Incubation Plasma x incubation

Initial ™
PM
VAP
LIN
Viability
Pre-freezing TM -
PM
VAP
LIN
Viability

sokon

sekeon

Post-thawing TM - -
PM
VAP
LIN
Viability

sokon sokeon

sokon sokon

ok ok

Recovery ™
PM
VAP
LIN
Viability

ke sekeon

* sokeon

TM: total motility; PM: progressive motility; viability: percentage of
viable and acrosome-intact spermatozoa according to PI/PNA-FITC
staining.

* P <0.05.

P <001
" P <0.001.
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Table 2
Variation in the analysed parameters according to plasma treatment

Assessment Parameter No plasma Plasma Denatured plasma
Initial T™ (%) 57.90 + 2.87 50.30 4 2.87 54.00 + 2.87
PM (%) 2540 +2.19 20.85 +2.19 20.55 + 2.19
VAP (pm/s) 49.50 + 7.39 44.50 + 7.39 48.88 +7.39
LIN (%) 53.88 + 4.39 59.62 + 4.39 58.00 + 4.39
Viability (%) 80.46 + 1.10 82.71 + 1.10 80.43 + 1.18
Pre-freezing T™ (%) 62.65 + 1.45 66.75 &+ 1.45 67.75 + 1.45
PM (%) 21.07 + 1.01 2270 £ 1.01 25.02 + 1.01
VAP (pm/s) 44.49 + 1.08 45.54 + 1.05 46.83 + 1.08
LIN (%) 42.92 + 151 41.90 + 1.46 4239 + 1.51
Viability (%) 69.87 + 0.67% 74.29 +0.70° 74.63 + 0.68°
Post-thawing T™ (%) 42.69 + 1.48° 55.06 + 1.53° 5243 +1.44°
PM (%) 17.87 + 0.89° 23.77 £ 0.92° 24.22 +0.86°
VAP (m/s) 46.05 + 1.21* 5322 +127° 53.68 +1.19°
LIN (%) 54.39 +0.71 54.59 4+ 0.74 54.73 +0.70
Viability (%) 47.69 + 0.56* 54.87 + 0.59° 54.38 + 0.56°
Recovery (%) ™ 69.81 +2.98* 84.43 + 3.08° 79.44 + 2.90°
PM 92.40 + 9.85* 137.40 + 10.17° 121.82 + 9.59°
VAP 70.98 + 5.66* 98.64 + 5.66° 97.22 + 5.55°
LIN 107.70 + 30.57 138.43 + 30.59 162.73 + 29.99
Viability 70.34 + 1.02° 74.65 + 1.15° 73.82 +1.01°

Numbers are adjusted means + S.E.M. TM: total motility; PM: progressive motility; viability: percentage of viable and acrosome-intact
spermatozoa according to PI/PNA-FITC staining. (a,b) Columns with different superscripts differ P < 0.05.

Initial assessment did not render differences for
incubation treatments. In general, pre-freezing results
were in the sequence 5 °C 6 h < 32 °C 15 min < 5 °C
2h < 5 °C 15 min, and post-thawing results were in the
sequence 32°C  15min<5°C 15min=5°C
2h =5 °C 6 h. In the pre-freezing assessment, viability
was lowest at 5 °C 6 h. Freezing-thawing recovery
results followed the sequence 32 °C 15 min <5 °C
15min=5°C2h < 5°C6hfor TM, PM and VAP; for

viability, 32 °C 15 min rendered the lowest results, with
no significant differences between the other treatments
(Table 3).

The interaction between plasma and incubation
treatments for the pre-freezing assessment of viability
(Table 1) indicated that the protective effect of plasma
was important in samples subjected to the 32 °C
15 min incubation (Fig. 2.1), but it was not significant
for the rest of the treatments (comparing no plasma

Incubation
B32°C 15min 8 5°C [5min 8 5°C2h

(=]

f=2}

< |
% b bueb bbb
S ab ab ab
— < | ac
o = a
£ 8
=

(=3

Ul

< |

<

<

« No plasma Plasma Denatured

Plasma

2.1 Pre-freezing

o5°C6h
(=1
(=3}
< |
@
)
E o
E‘ ol
= e
< | ce .
g 2 be be S€ be pe
bd
- bd bd
A d
F1 a
<
- No plasma Plasma Denatured
Plasma

2.2 Post-thawing

Fig. 2. Variation of viability (adjusted means) according to plasma and incubation treatment (interaction analysis). Different letters indicate

significant differences between treatments (plasma x incubation within pre-freezing or post-thawing analysis). Viability refers to the percentage of

viable and acrosome-intact spermatozoa, according to PI/PNA-FITC staining.
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Table 3

Variation of the analysed parameters according to incubation treatment

Assessment Parameter 32 °C 15 min 5°C 15 min 5°C2h 5°C6h

Initial ™ (%) 52.00 + 3.31 57.20 + 3.31 57.13 + 3.31 49.93 +3.31
PM (%) 25.00 + 2.53 22.60 + 2.53 24.20 +2.53 17.27 £2.53
VAP (nm/s) 55.50 + 8.54 45.50 £+ 8.54 53.50 + 8.54 36.00 + 8.54
LIN (%) 63.00 + 5.07 56.00 + 5.07 64.50 + 5.07 45.17 £5.07
Viability (%) 79.68 + 1.27 81.81 +1.27 84.95 + 1.27 78.36 + 1.40

Pre-freezing ™ (%) 63.40 + 1.67% 72.89 + 1.67° 67.53 + 1.67% 58.38 £ 1.67°
PM (%) 23.16 £1.17% 28.87 + 1.17° 24.80 £ 1.17% 1573 £ 1.17°
VAP (um/s) 45.26 + 1.21° 4921 +1.21° 4736 + 1.25% 40.65 + 1.25°¢
LIN (%) 43.68 £ 1.70 42.34 +£1.70 42.81 +1.76 40.80 £+ 1.75
Viability (%) 73.14 £ 0.39% 74.62 +£0.78% 74.07 £ 0.77* 69.90 + 0.78°

Post-thawing T™ (%) 34.38 + 1.80% 56.62 + 1.66° 54.80 + 1.66° 54.45 +1.72°
PM (%) 13.47 + 1.08* 25.42 +1.00° 24.93 + 1.00° 23.98 4+ 1.03°
VAP (pm/s) 40.86 & 1.55 51.14 + 1.32° 55.22 4+ 1.35% 56.72 £ 1.41°
LIN (%) 52.62 +0.91° 54,06 + 0.78* 55.62 4 0.79° 56.00 + 0.82°
Viability (%) 44.04 £ 0.66* 56.19 + 0.63° 54.68 + 0.65 54.33 £ 0.65°

Recovery (%) ™ 56.55 + 3.62% 77.21 +3.35° 80.24 + 3.35° 97.57 + 3.47¢
PM 65.76 + 11.96 98.67 + 11.07° 123.43 £11.07° 180.98 + 11.47°
VAP 47.39 + 6.96% 79.76 + 5.97° 92.40 + 6.28° 136.23 + 6.66°
LIN 118.95 + 37.58 136.06 + 32.25 96.30 + 33.89 193.85 + 35.98
Viability 61.77 +1.38* 75.58 £ 1.15° 74.04 +1.17° 80.36 & 1.19°

Numbers are adjusted means = S.E.M. TM: total motility; PM: progressive motility; viability: percentage of viable and acrosome-intact
spermatozoa according to PI/PNA-FITC staining. (a,b,c) Columns with different superscripts differ P < 0.05.

and plasma treatments). Viability results were very
similar between non-treated and denatured plasma
treatments.

The study of the interaction in the post-thawing
analysis showed more differences between untreated
and denatured plasma (Fig. 2.2). Thus, untreated plasma
rendered the highest results in the 32 °C 15 min
treatment; however, in the 5°C 15 min treatment,
viability for untreated plasma and no plasma treatments
were similar, being higher for denatured plasma.
Interestingly, the trend in the 5 °C incubations was
totally opposite for untreated (increasing with incuba-
tion time) and denatured (decreasing with incubation
time) plasma, resulting in similar values between
untreated plasma 5 °C 6 h and denatured plasma 5 °C
15 min; however, no differences reached significance
between different times and plasma treatments in the
5 °C incubations.

4. Discussion

The present study represents the first report on the
effect of seminal plasma on epididymal spermatozoa in
cervids, and possibly the only one reporting a positive
effect of seminal plasma on cryopreservation of
epididymal sperm too. We found significant improve-
ments when incubating epididymal samples with

seminal plasma upon incubating the samples alone.
We want to emphasize that the most important and
generalized differences were observed after cryopre-
servation, thus showing the importance of seminal
plasma for the successful cryopreservation of this kind
of samples. In fact, for some treatments, PM and LIN
recovery after thawing were higher than 100%. These
apparently odd results are not surprising at all,
considering that linearity parameters of sperm motility
generally drop in the pre-freezing evaluation, as noted
in a previous study [52], resulting in a comparatively
higher percentage of progressive spermatozoa after
thawing. Although differences between treatments were
not outstanding (in general, around 5-10%), they could
be the expression of higher underlying changes are
therefore important when the samples are subjected to
stressful conditions, as in Al

Previous studies in other species have shown that
seminal plasma supplementation helped sperm quality
recovery after cryopreservation [31,32]. However, these
studies used ejaculated sperm. In contrast, [17] reported
negative results applying bovine seminal plasma to the
cryopreservation of epididymal sperm from African
buffalo, similarly to another study using only buffalo
seminal plasma heparin binding protein [68]. Moreover,
Cary et al. [69] found no improvement using equine
seminal plasma for freezing epididymal spermatozoa
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from the same species. In our study, a clear beneficial
effect has been demonstrated in red deer, at least in the
quality parameters analyzed: motility and viability.

Furthermore, we applied several incubation treat-
ments, in order to detect further differences between
plasma treatments. Nevertheless, the study of the
interactions between seminal plasma and incubation
treatments showed that these interactions were limited
to viability, in the pre-freezing and post-thawing
analyses. On the whole, we observed a clear negative
effect of the incubation at 32 °C, possibly due to the
double thermal change the samples underwent in this
treatment (initially at 5 °C, then 32 °C for incubation
and 5 °C again, before freezing), whereas samples
incubated at 5 °C were not submitted to temperature
changes. In fact, the 32 °C treatment was used here not
considering its practical use, but as a means of testing
seminal plasma effects in a stressful environment. It is
remarkable that the 5°C incubation treatments
showed a decreasing quality with longer incubation
times in the pre-freezing treatment, but not in the post-
thawing treatment. One explanation is that a sub-
population of epididymal spermatozoa was sensitive
to both long cooling times and to cryopreservation.
Thus, this subpopulation would have been partly
affected by the 2 and 6 h incubations, as seen in
reflecting into the lower results in the pre-freezing
analysis. However, cryopreservation would have
totally affected that subpopulation, therefore equalling
all the 5 °C treatments in the post-thawing analysis.
This hypothesis should be considered in the light of
recent studies highlighting the importance of con-
sidering the role of sperm subpopulations in the
cryopreservation process [52,54].

Many studies have noted that seminal plasma has not
only enzymatic, but also non-enzymatic antioxidant
properties [41,70], which would explain the general
protective effect we have found using seminal plasma,
even after denaturing most proteins. Moreover, the
study of the interaction between plasma and incubation
treatments, regarding viability (membrane and acro-
some-intact spermatozoa) suggested that there would be
some differences between untreated and denatured
plasma. Although we did not find significant differences
between untreated and denatured plasma, the different
trends in the incubation time at 5 °C suggest that there
may be a different effect. It could be due to membrane
remodelling by thermolabile factors, as suggested by
other studies [6,14,15]. However, a more in-depth
analysis was beyond the scope of this study. It is
necessary to carry out biochemical studies, determining
the exact composition and the antioxidant activity, both

enzymatic and non-enzymatic, of red deer seminal
plasma (untreated and denatured).

In conclusion, supplementing epididymal samples
obtained from red deer with seminal plasma from the
same species was highly positive, especially consider-
ing cryopreservation. In general, denatured (heat-
inactivated) and untreated seminal plasma protected
samples with similar efficiency. Therefore, extenders
for epididymal samples from red deer or similar species
might be improved by supplementing them with
seminal plasma. Nevertheless, considering the risks
and practical drawbacks associated to the direct use of
seminal plasma [57,58], research should be aimed not
only to improve seminal plasma application, but also to
identify the protective mechanisms involved, and then
to use non-animal additives to mimic these mechanisms
inside the extender. The assessment of the biochemical
composition of red deer seminal plasma and its
variations deserves much effort. Besides, the analysis
of its antioxidant properties would be of great interest,
because of its importance in the maintenance of sperm
quality. These enhancements would contribute to the
management and conservation not only of red deer, but
also of other cervids.
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