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Abstract

The aim of this work was to submit sperm cells to different laboratory challenges and to compare in vitro results
with in vivo semen fertility. Four different batches from the same Brangus bull were used in a timed-AI program of
332 Brangus cows. Each batch (B) was submitted to the following procedure: semen sample was thawed at 36°C for
30 seconds (control). Sperm motility parameters, plasma membrane integrity, sperm morphology, and concentration
were assessed. Then, an aliquot of thawed sample was incubated in a water bath at 45°C for 40 min (thermal challenge
group; TCG) and another aliquot was centrifuged at 500 xg (Percoll gradient 45%/90%) for 15 min (centrifugation
challenge group; CCG). Centrifuged semen was also submitted to another thermal challenge, being incubated (water
bath) at 45°C for 40 min (centrifugation + thermal challenge group; CTCG). At the end of each challenge (CCG, TCG,
and CTCQG), the same laboratory tests used for control group were repeated. The following conception rates (CR) were
observed for each batch: B1 = 48.9% (44/90); B2 = 44.2% (23/52); B3 = 55.5% (40/72); B4 = 43.2% (51/118); (p < 0.10).
In the lab, B3 presented higher (p < 0.05) progressive motility (PM) than B4 after thawing (control group) and after all
sperm challenges (TCG, CCG, and CTCG). However, despite B3 and B4 having demonstrated a similar percentage of
plasma membrane integrity (PMI) to the control group (B3 = 66.7 + 1.3 and B4 = 65.2 + 3.3), B3 demonstrated higher
(P <0.05) percentage of PMI (37.2 + 2.5) than B4 (26.7 + 3.3) after passing through the most stressing in vitro challenge
(CTCG). The semen batch presenting the highest resistance to in vitro challenges was the one that presented a trend
for higher in vivo fertility, suggesting that submitting semen samples to laboratory challenges may be an interesting
alternative for selecting batches with greater field fertility.
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Resumo

O objetivo deste estudo foi estressar células espermaticas em diferentes desafios laboratoriais e comparar os resultados
in vitro com a fertilidade in vivo do sémen. Quatro partidas de um mesmo touro Brangus foram utilizadas em um
programa de IATF de 332 vacas Brangus. Cada partida foi submetida ao seguinte procedimento: a amostra de sémen
foi descongelada a 36°C por 30 segundos (grupo controle). Foram avaliados parametros de motilidade espermatica
(CASA), integridade da membrana plasmatica (PMI), morfologia e concentragdo espermatica. Em seguida, uma
aliquota da amostra descongelada foi incubada em banho-maria a 45°C durante 40 minutos (grupo de desafio térmico,
TCG) e outra aliquota foi centrifugada a 500 xg (gradiente de Percoll 45%/90%) durante 15 min (grupo desafio de
centrifugacdo, CCG). Uma aliquota do sémen centrifugado foi ainda submetida ao desafio térmico, sendo incubado
a 45°C durante 40 min (grupo de desafio térmico + centrifugacao, CTCG). No final de cada desafio (CCG, TCG
e CTCG), os mesmos testes laboratoriais utilizados para o grupo de controle foram realizados. A seguinte taxa de
concepgdo (CR) foi observada para cada partida (B): B1 = 48,9% (44/90), B2 = 44,2% (23/52), B3 = 55,5% (40/72)
e B4 = 43,2% (51/118); (P < 0,10). No laboratério, B3 apresentou maior (P < 0,05) motilidade progressiva (PM) do
que B4 logo apds o descongelamento (grupo controle) e apds todos os desafios laboratoriais (TCG, CCG e CTCG).
Porém, apesar de B3 e B4 demonstrarem similar porcentagem de PMI no grupo controle (B3 = 66,7 £+ 1,3 e B4 = 65,2
+ 3,3), B3 apresentou maior (P < 0,05) PMI (37,2 £+ 2,5%) do que B4 (26,7 + 3,3%) apos passar pelo maior desafio
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laboratorial (CTCG). A partida seminal que in vitro apresentou maior resisténcia aos desafios laboratoriais foi a mesma
que apresentou tendéncia para maior fertilidade in vivo. Assim, sugere-se que submeter amostras seminais a desafios
laboratoriais pode ser uma alternativa interessante para selecionar partidas com maior fertilidade a campo.
Palavras-chave: Taxa de concepgdo. Resisténcia espermatica in vitro. IATE.
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Introduction

Several factors influencing female reproductive
success have been intensely studied in that last decades
by researchers of bovines (BO etal., 2003; BARUSELLI et
al., 2004; PERRY et al., 2007; MENEGHETTI et al., 2009;
SA FILHO et al., 2009). However, factors related to semen
fertility need to receive more attention (SUGULLE et al,,
2006; OLIVEIRA et al., 2012a; SUTOVSKY, 2015).

It has been widely reported that sires and/or semen
batches may differ in their sperm ability of fertilizing
oocytes and/or completing embryo development after
in vitro fertilization (IVF) (MARQUANT-LE GUIENNE
et al., 1990; WEI; FUKUI, 1999; SUDANO et al.,, 2011).
Similarly, several studies already demonstrated varied
conception rates depending on the semen batch and/
or sire utilized (CORREA et al., 1997; ZHANG et al.,
1999; ANDERSSON et al. 2004; SA FILHO et al., 2009;
OLIVEIRA et al,, 2013; SANTOS, 2016). According to
Sellem et al. (2015), predicting in vivo fertility of bull
ejaculates based on in vitro semen characteristics remains
challenging for the breeding industry.

In this sense, many studies have been conducted in order
to develop laboratory tests that could predict frozen-thawed
semen reproductive performance (TARTAGLIONE;
RITTA, 2004). However, classic and modern laboratory
tests of semen quality are still unable to accurately estimate
real sperm-fertilizing capacity. Though clear thatidentifying
a practical in vitro semen analysis for predicting field
fertility would be of great benefit to the semen industry, it is
unlikely that the assessment of a single sperm characteristic
may reflect the real fertilizing capacity of a semen sample
(ARRUDA et al., 2011; OLIVEIRA et al., 2013), especially

if we consider the complexity of the reproductive process.
Hence, multiple independent variables are often necessary
in order to make a reasonably accurate prediction (UTT,
2016). For this reason, it is necessary to associate different
semen quality tests so to improve the accuracy of a bull’s
reproductive potential (JANUSKAUSKAS et al., 2003;
RODRIGUEZ-MARTINEZ, 2003; TARTAGLIONE;
RITTA, 2004; KASTELIC; THUNDATHIL, 2008;
ARRUDA et al., 2011; OLIVEIRA et al., 2013; SELLEM et
al., 2015; CELEGHINT et al., 2017).

It is important to consider that the semen pathway
through the female reproductive tract consists of complex
challenges to sperm cells from insemination to the site of
fertilization. Hence, we believe that assessing sperm quality
without any cellular stress may not allow the detection of
sublethal damage immediately after thawing. Therefore,
this study aimed at exploring in vitro sperm characteristics
of different frozen-thawed batches and their resistance to
different laboratory challenges and at comparing them with

in vivo fertility results.
Material and Methods

Field experiment

In order to assess field fertility, data from conception
rate after timed-AlI of 332 suckled multiparous Brangus
cows from a commercial beef farm (located in Mato Grosso
do Sul, Brazil) were utilized. For insemination of these
cows, two Al technitians from this farm used four batches
from the same Brangus bull.

All cows whose data were used in this study (n = 332)
presented 40-50 days postpartum and were maintained
on Brachiaria brizantha or Brachiaria decumbens pasture,
with ad libitum access to water and mineralized salt. Data
were collected during Brazilian summer season of 2015
(breeding season). Cows presented a body condition score
(BCS) between 2.25 and 3.00 on a scale from 1 to 5 (1:
emaciated, 5: obese). After calving, suckled cows were
allocated into three breeding groups (approximately 110

animals each), according to calving date.
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All cows received the same timed-AlI protocol for first
service. This protocol started (Day 0) with insertion of a new
intravaginal progesterone-releasing device (Sincrogest;
Ouro Fino Saude Animal, Cravinhos, SP, Brazil) and
2.0 mg of estradiol benzoate im (Sincrodiol’; Ouro Fino
Satde Animal). The progesterone device was removed 8
days later, when 500 pg of d-cloprostenol im (Sincrocio®;
Ouro Fino Saide Animal), 300 IU of eCG im (Novormon®
5000; Zoetis, Sdo Paulo, SP, Brazil), and 0.5 mg of estradiol
cipionate im (E.C.P®, Zoetis) were administrated. Cows
were timed-inseminated by two experienced Al technicians
on day 10 (two days after progesterone device removal).
BCS (1 to 5), semen batch (B), and AI technician were
recorded for each cow on day 10. Four semen batches were
used, being randomly distributed.

Semen thawing and semen handling protocols were
performed according to routine timed-Al procedures of
the farm where the experiment was conducted. Hence,
for each Al, the following procedure was performed:
after loading a random cow in the chute, five 0.5 mL of
frozen semen straws from the same batch were thawed
simultaneously in a thermostatically controlled thawing
bath (electrical water-bath unit for embryo and sperm
thawing; WTA, Ribeirdao Preto, SP, Brazil), adjusted to
36°C. Thirty seconds after insertion of 5 straws into the
thawing bath, one straw was removed (first straw) and
immediately loaded in the AI gun. A skilled person was
designated only for removing semen from thawing bath
and loading AI guns. Thus, one of the two Al technicians
received a prepared Al gun and immediately used it for AL
One chute was used for breeding cows, with inseminators
alternating (breeding one cow and allowing the other
inseminator to breed the next cow). During insemination
using the first straw, a second straw was removed from
thawing bath and a second AI gun was prepared. After the
first Al was finished, another cow was randomly loaded
in the chute and the AI gun with a second straw was used.
Similarly, the other straws were loaded in Al guns and used
in sequence until the 5" straw. Next, the same procedure
was repeated with another semen batch.

Semen handling and thawing procedures, Al gun
preparation, and inseminations were done in a covered
area (to avoid direct sunlight). During the thawing process
the water-bath was agitated slightly in order to avoid direct
contact between semen straws. To assure a randomized
experimental design and a balanced number of animals per

field variable, semen from the four batches were equally

distributed across breeding groups and Al technicians.
Semen cane and canister of the nitrogen tank used were
organized and identified with a batch number. In addition,
the subsequent group of straws was guaranteed to be
different from the batch thawed before (OLIVEIRA et al.,
2012a).

Semen doses were purchased from the same commercial
AI company. Batches were not identified according to
collection date, so it was not possible to know the distance
between semen collection moments.

All cows were examined by transrectal ultrasonography
45 days after timed-Al. Detection of an embryonic vesicle
with viable embryo (presence of heartbeat) was used as an

indicator of pregnancy.
Laboratory experiment

Laboratory challenges

Frozen semen samples from the same batches (n = 4)
used in the field trial were evaluated in a laboratory study.
Three repetitions of laboratory experiments were carried
for each batch (n = 12).

Each dose of semen was submitted to the following
procedure: initially semen sample was thawed at 36°C
for 30 s in a thermostatically controlled thawing bath
(WTA, Ribeirao Preto, SP, Brazil), being considered
the control group. Sperm cells of Control group were
submitted to optical microscopy for sperm concentration
and morphology assessment. In addition, sperm motility
parameters were assessed by computer assisted semen
analysis (CASA) and plasma membrane integrity was
evaluated by propidium iodide (PI) fluorescent probe.

Then, a 150 pL aliquot of thawed sample was incubated
in a water bath at 45°C for 40 min, being considered
the thermal challenge group (TCG). Simultaneously,
another aliquot of 150 uL was centrifuged at 500 xg in a
discontinuous density gradient compounded by 750 pL of
45% Percoll over 750 uL of 90% Percoll (45%/90% Percoll
gradient; Pharmacia Fine Chemicals, Uppsala, Sweden)
for 15 min, being considered the centrifugation challenge
group (CCQG). Pellet (150 uL) of centrifuged semen was
also submitted to a further thermal challenge, incubated
in water bath (45°C) for 40 min, being considered the
centrifugation plus thermal challenge group (CTCG). At
the end of each challenge (TCG, CCG and CTCG) the same
sperm laboratory analyses performed for the control group

were repeated. As previously stated, three repetitions of
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this experimental design were performed for each batch.
Finally, the results of control group, TCG, CCG, and CTCG
were compared to evaluate which laboratory challenge was
more related to field fertility results (CR after timed-AI) of
the respective batches assessed.

Shortly, the following steps were accomplished for each
semen dose to perform laboratory challenges:

Step 1: Initially, the frozen semen sample (500 uL)
was thawed at 36°C during 30 s (control group). Then,
an aliquot of 6 pL was used for computerized analysis of
sperm movement (CASA), an aliquot of 10 pL was used to
assess plasma membrane integrity by PI fluorescent probe
(epifluorescence microscopy), an aliquot of 50 pL was used
to assess sperm morphology, and an aliquot of 10 uL for
the evaluation of sperm concentration.

Step 2: A 150 uL aliquot of the control sample was
incubated in a water bath at 45°C for 40 min. After 40
min incubation, the same laboratory tests mentioned above
were performed. (TCG)

Step 3: Simultaneously with step 2, another 150 pL
aliquot of the control sample was centrifuged at 500
xg in a 45%/90% Percoll gradient during 15 min. After
centrifugation, the supernatant was removed and 300 pL
of centrifuged semen in Percoll solution was left in the
tube. The same laboratory tests mentioned above were
accomplished (CCG).

Step 4: The centrifuged semen was then subjected to a
further thermal challenge. Hence, a 150 pL aliquot of the
final pellet was incubated in a water bath at 45°C for 40
min. After 40 min incubation, the same laboratory tests

mentioned above were performed (CTCG).
Laboratory analyses

Computer-assisted semen analysis (CASA)

Sperm motility was assessed by CASA (Ivos-
Ultimate; Hamilton Thorne Biosciences, Beverly, MA,
USA). CASA set-up was pre-adjusted for bovine sperm
analysis (number of frames: 30; frames per second: 60
Hz; minimum contrast: 50; minimum cell size: 6 pixels;
contrast to static cells: 30; straightness: 60%; average path
velocity cutoft: 30 pm/s'; minimum average path velocity:
40 um/s™; straight-line velocity cutoff: 20 um/s; cell size:
6 pixels; cell intensity: 80; static head size: 0.23-1.91;
static head intensity: 0.56-1.20; static elongation: 8-92;
magnification: 1.89x; video frequency: 60; illumination

intensity: 2203; temperature: 37°C).

Six microlitres of the sample were placed in a standard
count analysis chamber (SC20.01.FA; 20 pm; Leja, Nieuw-
Vennep, The Netherlands). Six fields were randomly
selected for each analysis. The following variables were
analysed: total motility (TM, %), progressive motility
(PM, %), average path velocity (VAP, um/s™), straight-
line velocity (VSL, pum/s™), curvilinear velocity (VCL, pm/
s), amplitude of lateral head displacement (ALH, pm),
beat cross frequency (BCE Hz), straightness (STR, %),
linearity (LIN, %), and the percentage of rapidly moving
cells (RAPID, %).

Evaluation of plasma membrane integrity assessed by
Propidium lodide fluorescente probe

Propidium iodide (PI) fluorescent probe is a specific
DNA stain that emits a red fluorescence when bound to the
nucleus of a damaged plasma membrane cell (GRAHAM
et al., 1990). In the present study, PI (Sigma, 28,707-5)
was utilized for assessment of plasma membrane integrity,
according to adaptations of the protocol proposed by
Celeghini et al. (2007).

Hence, an aliquot (10 pL) of each semen sample was
transferred to a pre-warmed (37°C) microcentrifuge tube
(1.5 mL) and diluted in TALP sperm medium to a final
concentration of 25 x 10° spermatozoa/mL. Then, 2 pL
of PI solution (0.5 mg/mL in Dulbelco’s PBS) were added
to the diluted semen, which was incubated at 37°C for 10
min. After incubation, 6 uL of the sample were transferred
to a slide, coverslipped and immediately analysed by
epifluorescence microscopy (LEICA®, Solms, Germany) at
1000X magnification using a fluorescence filter (excitation
at 540-525 nm and emission at 605-655 nm).

A total of 200 sperm cells were examined per slide
and classified according to the fluorescence emitted
by PI fluorescence probe, allowing the identification
of spermatozoa with intact plasma membrane (no
staining) or damaged plasma membrane (presenting red

fluorescence).

Sperm morphology and concentration

To assess sperm morphology semen samples were
diluted and fixed in pre-warmed (37°C) formaldehyde-
PBS. Sperm cells (n = 200) were counted under differential
interference-contrast microscopy (model 80i; Nikon,
Tokyo, Japan) at a magnification of 1000X. Sperm
Morphological characteristics were classified as major,

minor, and total defects according to Blom (1973).
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Sperm concentration was determined by counting the
sperm, with the use of a Neubauer chamber under regular

optical microscope with magnification of 400X.

Statistical analysis

Pregnancy/AlI (CR) 45 days after timed-Al was analysed
as a binary response variable using logistic regression by the
LOGISTIC procedure of SAS (version 9.3, SAS Institute,
Inc., Cary, NC, USA). Variables considered in the initial
models as fixed effects were breeding group (1 to 3, class),
BCS (2.25/2.50 and 2.75/3.00, class), Al technician (1 and
2, class), and batches (1, 2, 3 and 4). Statistical differences
in CR for each selected variable were analysed by logistic
regression using least squares means (LS Means) statement
of the GLIMMIX procedure. Significant difference was
considered when p < 0.05.

In the present experiment, four semen batches of the
same bull were investigated. For each batch, three laboratory
trials were accomplished. Results obtained from all sperm
variables of laboratory analyses were tested for normality of
residues and homogeneity of variance. Dependent variables
that did not meet these statistical premises (MT, MP, RAPID,
ALH, STR, PMI) were submitted to arcsine transformation.
To compare sperm characteristics after the laboratory
challenges (control, CCG, TCG, and CTCG), data were
submitted to ANOVA (PROC GLM) and differences were
separated using Tukey’s test. Results are presented as mean

+ SD, and p < 0.05 was considered significant.

Results and Discussion

Assessment of bovine semen quality in Al industry
is mostly limited to assessment of sperm motility and
morphology. Traditional breeding soundness evaluation
usually identify bulls and/or ejaculates with evident
abnormalities and/or grossly deficits in fertility, but does
not consistently identify sub-fertile bulls nor high fertile
bulls (ZHANG et al., 1999; KASTELIC; THUNDATHIL,
2008; UTT, 2016; CELEGHINTI et al., 2017). Considering
that sperm transit until site of fertilization involves
significant challenges to these cells, this study was based on
the assumption that semen batches with higher resistance
to laboratory challenges (stressing sperm cells) would
present greater conception rates. Although no statistical
difference was observed among batches in field trial, B3
presented statistical tendency (p < 0.10) for higher CR than
B4. Interesting to note that B3 also was more resistant to
the main laboratory challenge (CTCG).

Overall CR at 45 days post timed-AI was 47.59%
(158/332). No difference was observed for CR among
Al-technician, BCS, or breeding groups (p > 0.05).
Although no statistical difference was observed between
batches, it was possible to notice a statistical tendency
(p < 0.1) for higher CR of B3 (55.55%; 40/72) compared
with B4 (43.22%; 51/118), and similar CR for B1 (48.88%;
44/90) and B2 (44.23%; 23/52).

For suckled beef cows, negative energy balance and
calf presence are crucial factors interfering with ovulation
success and conception rates (MENEGHET T et al., 2009).
In addition, BCS, AI technician, farm, breeding groups,
and sire/semen quality are other factors affecting timed-
Al outcomes (PERRY et al., 2007; SA FILHO et al., 2009;
SALES etal., 2011; CELEGHINI et al., 2017). The absence
of these effects (BCS, Al technician, and breeding groups)
on CR in the present study may be due to the fact that
breeding groups were well distributed across the timed-
Al variables, all animals were cows in the same category
(suckled multiparous Brangus cows), only two skilled AI
technicians inseminated cows, and all animals presented
small variation in BCS range (2.25 to 3.00).

It is noteworthy, though, that a numerically higher CR
(statistical tendency; p < 0.1) was observed for B3 (56%)
compared to B4 (43%). In this sense, several researchers
have reported a marked variability in field fertility among
sires and/or batches (CORREA et al., 1997; WARD et
al., 2001; ANDERSSON et al., 2004; OLIVEIRA et al.,,
2012a). Differences in field fertility could be attributed to
variations in sperm-qualitative characteristics (CORREA
et al,, 1997). Different ejaculates from the same bull may
present different qualitative and/or quantitative sperm
traits, depending on several factors as age, animal handling,
nutrition, season of the year, animal health, and others.
Hence, semen quality may vary along a bull’s reproductive
life, and even fertile bulls may produce ejaculates with poor
fertilizing capacities, depending on their environment and/
or day of semen collection (BRITO et al., 2002; KASTELIC;
THUNDATHIL, 2008; SELLEM et al., 2015).

Regarding to simultaneous thawing procedure utilized,
a secure number of straws being thawed in the same
moment was guaranteed. According to a previous work,
the sequence of insemination after simultaneous thawing
of multiple semen straws might affect fertility outcomes,
depending on the sire utilized for timed-AI. Under
similar environmental conditions of the present study it

was demonstrated to be more cautious to not exceed six
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semen straws of 0.5 mL for simultaneous thawing, because
it could affect conception rates (OLIVEIRA et al., 2012a).
Therefore, only five semen straws of each batch were
thawed at once in order to avoid possible intereferences
of incubation time in CR, which could have been more or

less affected according to the semen batch utilized.

Significant and interesting differences between
batches 3 and 4 were observed for some in vitro sperm
characteristics after stressing cells through laboratory
challenges. The results of motility parameters assessed
by CASA after in vitro sperm challenges are demonstrated
in tables 1 and 2.

Table 1 - Mean (+ SD) of total motility (TM; %), progressive motility (PM; %), rapidly moving cells (RAPID; %), average path
velocity (VAP; um/s™), straight-line velocity (VSL; um/s*), and curvilinear velocity (VCL; um/s™) assessed by computer
assisted semen analysis (CASA) after different laboratory challenges using different batches from a Brangus bull -
Sertaozinho, SP - January 2016

Group Parameters Batch 1 Batch 2 Batch 3 Batch 4 P value
Control ™ 74.25+8.14 ab 80.50+4.80a 82.00+4.16a 62.00 +10.03 b 0.0078
PM 52.25+4.57 ab 56.50+4.43a 63.00+5.35a 47.25+6.54b 0.0176

RAPID 71.50 + 8.54 ab 7225+ 11.82ab 79.75+4.11a 59.00+10.74 b 0.0112

VAP 97.03 +£7.04 87.00 £ 2.56 96.35+9.27 87.55+11.66 0.0937

VSL 75.90 +5.57 68.30 £ 1.51 79.23 £10.00 72.00 £9.77 0.1619

VCL 158.20 £ 8.89 139.55 £ 4.57 153.90 + 16.45 139.65 + 19.67 0.1147

TCG ™ 67.00+12.17 ab 61.33+9.29ab 79.33+0.58a 54.00+6.56b 0.0218
PM 51.33+5.86ab 46.33 £6.43 ab 56.00+1.73a 40.00 +£4.58 b 0.0299

RAPID 64.33+£11.85ab 56.33 +9.29 ab 74.00+2.00a 5067 +6.11b 0.0375

VAP 79.27 £5.56 69.33 £1.55 72.77 £3.20 7440 £3.21 0.1072

VSL 62.57 +£5.65 56.07 +£1.44 56.87 +£1.92 57.93 +2.77 0.2274

VCL 130.07 +7.49a 110.20+531b 117.87 £5.34 ab 121.20+4.65a 0.0447

CCG ™ 66.00 £ 13.59 ab 61.50+ 1237 ab 71.00+1283a 49.00+6.16 b 0.0286
PM 59.00 +12.25 ab 55.75+10.18 ab 64.25+1250a 45.75+7.27b 0.0471

RAPID 63.50+13.80ab 59.25+12.09 ab 68.50+13.40a 46.25+741b 0.0286

VAP 99.33 +5.99 88.28 £7.42 94.35 +6.35 94.60 +10.26 0.0571

VSL 89.30£3.11 79.93+£6.17 86.03 £6.01 88.70+11.34 0.0533

VCL 15243 £15.05 133.85+11.00 138.95+£9.24 135.68 + 10.47 0.1029

CTCG ™ 8.67 +4.16 ab 433+252b 11.00+346a 6.67 +8.81ab 0.0500
PM 767x321a 333+231b 767+379%a 467+7.23b 0.0538

RAPID 7.67 £3.21 3.33+231 8.00 +3.46 4,67 £7.23 0.0621

VAP 67.17 £4.07 62.40 £12.97 55.77 £6.63 58.93 +£1.02 0.2000

VSL 64.70 +4.45 59.20 +£12.87 52.17 +6.87 56.60 + 1.83 0.2000

VCL 82.77£7.03 77.33+£18.18 73.63 £7.48 73.70 £ 2.46 0.1694

a,b: diferent letters in the same line indicate significant difference;

TCG: Thermal Challenge Group; CCG: Centrifugation Challenge Group; CTCG: Centrifugation + Thermal Challenge Group
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Table 2 - Mean (£ SD) of amplitude of lateral head displacement (ALH; pm), beat cross frequency (BCF; Hz), straightness (STR;
%), and linearity (LIN; %) assessed by computer assisted semen analysis (CASA) after different laboratory challenges
using different batches from a Brangus bull - Sertaozinho, SP - January 2016

Group Parameters Batch 1 Batch 2 Batch 3 Batch 4 P value
Control ALH 7.13+£0.36a 6.23+0.29b 6.28+0.36 b 6.18+0.46 b 0.0231
BCF 21.13+1.39a 25.70 £ 1.97 ab 30.83+6.29b 24.28 +4.46 ab 0.0471

STR 78.00 £ 1.83 7850+ 1.73 81.75+2.87 81.75+£0.50 0.1143

LIN 49.50+1.00 a 50.75+2.22 ab 52.75+1.50b 53.25+0.96 b 0.0286

TCG ALH 6.37+0.15a 530+0.26b 580+0.26b 6.60+£0.26 a 0.0208
BCF 19.37+0.85ab 21.93+2.20ab 2257+0.15a 17.07+0.75b 0.0064

STR 79.33+£252 8133+ 1.15 78.67 £1.15 78.33+0.58 0.1000

LIN 50.00 + 3.61 5233 +252 50.00 + 1.00 49.67 £0.58 0.3784

(dd] ALH 5.83+0.83 5.10+0.57 5.18+0.25 4.93+0.32 0.3429
BCF 32.95+3.37 32.40 £ 2.09 34.50 £ 2.95 34.05+3.25 0.6580

STR 89.25 +2.87 90.25+2.22 91.25+£0.96 93.00 +£1.83 0.1143

LIN 60.50 £ 4.65 62.25+4.19 63.75 £2.06 66.00 £ 3.92 0.1303

CTCG ALH 2.80+£0.46 2.60+0.36 2.93+0.40 2.73+£042 0.3646
BCF 32.13+1.18 26.50 £ 5.09 3240+ 0.56 3493 +6.16 0.2000

STR 96.00+0.10 94.00 +1.73 93.00 + 1.00 95.00 +4.36 0.7000

LIN 78.67 £1.53 77.33 £8.62 70.00 £ 2.65 76.00 £ 3.61 0.1000

a,b: diferent letters in the same line indicate significant difference; Control Group: frozen-thawed semen (36°C for 30 s); TCG (Thermal Challenge Group): frozen-
thawed semen incubated at 45°C for 30 min); CCG (Centrifugation Challenge Group): frozen-thawed semen centrifuged in 45%/90% Percoll gradient at 500 xg for 15
min; CTCG (Centrifugation + Thermal Challenge Group): frozen-thawed semen centrifuged in 45%/90% Percoll gradient (50 xg/15 min) incubated at 45°C for 30 min

Sperm motility is an important characteristic
associated with semen fertilizing capacity (VERSTEGEN
et al.,, 2002). Arruda et al. (1992) demonstrated no
statistical differences in field fertility of cows inseminated
with semen presenting progressive motility from 20% to
50% after incubation at 45°C for one hour. In our study;,
there was also no statistical difference on CR between
batches and differences in PM between them was always
lower than 30%, regardless of the treatment to which they
were submitted.

After thawing (control group) B3 presented higher
PM than B4. The better performance of B3 compared
to B4 regarding the percentage of sperm cells moving
forward in a progressive manner was mainted after all in
vitro challenges. In a previous work, our research group
demonstrated that PM at Oh incubation (frozen-thawed
semen) and/or at 2h incubation (37°C) were CASA

parameters considered to be important predictors of in
vivo bull fertility (OLIVEIRA e al., 2013).

The ALH is also a sperm parameter that can affect
fertility since large amplitude of lateral head displacement
may interfere in sperm hydrodynamics and their travel to
fertilization site (BARLOW et al., 1991). Florez-Rodriguez
(2017) demonstrated higher ALH parameter for low fertility
semen compared to high fertility semen. In this sense, it
is interesting to note that B3 and B4 presented similar
ALH in the control group but, after thermal challenge
(TCG), B3 presented lower ALH than B4. Farrell et al.
(1998) demonstrated that multiple combinations of CASA
parameters presented higher correlations with bull fertility
than single CASA parameters. According to the authors,
the single sperm parameter TM was weakly correlated
with field fertility, while combination of PM, ALH, and
BCF was strongly correlated. Santos (2016) did not observe
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diferences in BCF parameter between high and low fertility
batches. In the present study, although B3 and B4 were
similar in control group, B3 presented better BCF value
than B4 after the termal challenge.

In AI companies CASA is requested to identify
individual ejaculates containing sperm with poor potential
to provide desired fertility. The task is not to predict
fertility of a semen batch, because female reproductive
tract is highly selective in moving some sperm toward
the fertilization site and rejecting or removing by natural
mechanisms (AMANN; WABERSKI, 2014). Therefore, we
ratify in this work the importance of performing motility
analyses after some cellular stress (and not immediately
after thawing), in order to promote a sperm challenge to
these cells before assessing semen quality, increasing the
chance of detecting possible sublethal damages.

Besides motility parameters, plasma membrane

integrity (PMI) exerts a fundamental role in sperm
fertilizing capability. PMI is essential to sperm viability,
osmotic balance, selective permeability, and cellular
homeostasis (FLESCH; GADELLA, 2000). Sperm cells
with damaged plasma membrane become unable to
accomplish oocyte fertilization (Silva; Gadella, 2006).
Januskauskas et al. (2003) detected significant correlations
between field fertility and PMI assessed by PI. Correa et
al. (1997) demonstrated a positive correlation with PMI
and high fertility bulls. Batches 3 and 4 presented similar
high percentages of PMI after thawing (Control Group).
However, only B3 (tendency for greater field fertility)
maintained higher percentage of PMI after passing through
the most intense in vitro sperm challenge (CTCG), which
may indicate a higher resistance of this batch.

Results of plasma membrane integrity, sperm

morphology, and concentration are presented in table 3.

Table 3 - Mean (+ SD) of plasma membrane integrity (PMI; %), sperm morphology (major, minor and total defects; %), sperm
concentration (CONG; x10° sptz/mL), and number of sperm presenting membrane integrity (PMI*CONC; x10° sptz/
mL) after different laboratory challenges using different batches from a Brangus bull - Sertdozinho, SP - January 2016

Group Parameters Batch 1 Batch 2 Batch 3 Batch 4 P value
Control PMI 61.40 + 2.86 ab 55.50+2.38b 66.75+1.32a 65.25+3.30a 0.0286
Major defects 333+£1.53 2.33+£0.58 2.00 £1.00 2,67 £1.53 0.2952

Minor defects 767 +1.15 7.00+1.00 6.67 +£0.58 6.67 £1.15 0.3638

Total defects 11.00 = 1.00 8.25+2.22 8.67 £0.58 9.33+0.58 0.1000

CONC 34.00+4.00a 9.70+£2.10b 23.70+3.10c 3340+ 150a 0.0313

PMI*CONC 20.88 £3.76 ab 538+221c 15.82+2.09b 21.79+287a 0.0246

TCG PMI 5233 +14.11 47.50 £5.27 56.50 + 13.26 42,67 £13.14 0.2894
Major defects 3.33+£1.53 2.33+£0.58 2.00 £1.00 2,67 £1.53 0.2952

Minor defects 8.67 £ 1.15 8.00 = 1.00 7.67 £0.58 7.67 £1.15 0.4000

Total defects 12.00 = 1.00 9.00 +2.71 9.67 £0.58 10.33+0.58 0.1240

CONC 34.00+4.00a 9.70+£2.10b 23.70+3.10c 334+150a 0.0313

PMI*CONC 17.79+9.07 a 4.61+287b 13.39+ 8.08 ab 14.25+8.98 ab 0.0156

(d«c} PMI 65.67 £17.90 39.17 £ 28.56 60.38 + 8.04 5533+11.86 0.2000
Major defects 0.33+£0.58 0.00 £ 0.00 1.33+0.58 0.67 £1.15 0.1819

Minor defects 1.00 = 0.00 0.67 £0.58 0.33+0.58 0.33+0.58 0.2636

Total defects 1.33+0.58 0.50 £ 0.58 1.67£1.15 1.00 = 1.00 0.3638

CONC 73.70+£10.10a 71.70x11.6a 103.2+6.10b 874+750a 0.0333

PMI*CONC 48.40 = 13.09 ab 28.08£18.72b 62.31+7.08a 4836 £8.23 ab 0.0166

CTCG PMI 31.67 £5.77 ab 2583+ 1.44b 3717 +247 a 2627 £2.32b 0.0500
Major defects 0.33+0.58 0.00 = 0.00 1.33+0.58 0.67£1.15 0.1819

Minor defects 2.00 £0.00 1.67 £0.58 1.33+0.58 1.33+£0.58 0.3264

Total defects 2.33+0.58 1.25+0.96 267 +1.15 2.00£1.00 0.3118

CONC 73.7+10.10a 71.7+11.60a 103.2+6.10b 874+750a 0.0333

PMI*CONC 2334+7.64b 18.52+5.35b 3836+4.00a 23.31+4.01b 0.0246

a,b: diferent letters in the same line indicate significant difference;

TCG: Thermal Challenge Group; CCG: Centrifugation Challenge Group; CTCG: Centrifugation + Thermal Challenge Group
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Percoll centrifugation is a widely used method for bovine
sperm selection (MCCANN; CHANTLER, 2000; PETYIM
etal., 2009) mainly before IVP (CESARI et al., 2006; LEE et
al., 2009; MACHADO et al., 2009). Several authors observed
higher percentage of cells with intact plasma membrane in
Percoll centrifuged semen (LEE et al., 2009; MACHADO
etal., 2009; OLIVEIRA et al., 2012b), indicating that most
dead spermatozoa present in frozen-thawed semen were
retained in the upper layers of the gradient. Damaged
spermatozoa are removed by a particular mechanism in
Percoll separation methods (OSHIO, 1988; RHEMREV
et al,, 1989) and sperm progressive motility is generally
improved after Percoll centrifugation (CESARI et al., 2006;
LEE et al., 2009; MACHADO et al,, 2009; PETYIM et al.,
2009). In the present study the small amount of semen
(150 uL) being deposited in the upper layer of this density
gradient might have avoided this phenomenon to happen.
Instead, Percoll centrifugation acted as a barrier challenge
to sperm cells, reducing sperm motility.

The observation that no increase in PMI was observed
after Percoll centrifugation is another evidence that the
Percoll barrier acted more as a sperm challenge step than
as a sperm selection method, which was in fact our goal
when using Percoll gradient. In this regard, Cesari et al.
(2006) stated that Percoll adheres to sperm membranes
removing some decapacitating proteins, which can explain
why a high percentage of Percoll-selected spermatozoa
could have some alterations, such as faster capacitation
and membrane destabilisation. In the present study
B3 demonstrated higher resistance regarding integrity of
plasma membrane (PMI), which is a fundamental sperm
feature to be maintained after passing through the most
stressing laboratory challenge (CTCG).

However, one should not ignore the evidence that better
cells were selected after passage through Percoll when
the sperm morphology parameter is taken into account.
Therefore, similar to the cervix and oviduct, Percoll may
act as a challenging barrier for spermatozoa, operating
as sperm selection technique for excluding sperm cells
less capable in performing successful fertilization. There is
good evidence that morphologically normal spermatozoa
offer the best fertilizing potential (POUSETTE et al., 1986;
VAN DER ZWALMEN et al., 1991; ARRUDA et al., 2011;
OLIVEIRA et al.,, 2013). Van Der Zwalmen et al. (1991)
demonstrated that Percoll technique selects sperm samples
with better morphological quality from normal as well as

from poor semen samples. Such selection led to improved

fertilization rates. According to the authors, sperm cells
with morphologically normal oval heads present a dense
and homogeneous nucleus being selected in the more
concentrated fraction of Percoll gradient.

In an ellegant study, Odhiambo et al. (2014)
demonstrated that removal of defective spermatozoa from
collected semen by nanotecnology may have the dual benefit
of mitigating the dilution of total sperm count per Al dose
by defective spermatozoa and reducing the reactive oxygen
species released from decaying spermatozoa that might
affect the fertilizing ability of the normal spermatozoa.
Here, in a much simpler study with a cheaper technique, we
would like to highlight the importance of stressing semen
samples before evaluating their quality, since it is possible
that some sublethal damages may appear in the laboratory
before they are used in the field.

In this sense, it is worth to mention that B3 presented
lower sperm concentration than B4 in control group.
However, considering centrifuged groups (CCG and
CTCG),itmaybenoticed that B3 recovered ahigher number
of sperm cells after passage through a Percoll gradient,
which confirms that B3 had a higher number of cells with
better sperm quality (and/or better sperm resistance) than
B4. Sperm concentration does not change due to thermal
challenges, hence these values are similar for Control and
TCG, as well as for CCG and CTCG groups. Additionally,
when analysing the number of sperm cells presenting
integrity of plasma membrane (PMI*CONC), B1 and B4
demonstrated better semen quality soon after thawing
(control group). However, after passing through Percoll
gradient and suffering a thermal challenge (CTCG), B3 was
the batch demonstrating the highest in vitro performance.

As stated above, sperm cells need to survive after
undergoing several in vivo challenges inside the female
reproductive tract until fertilization. The standard breeding
soundness evaluation and the conventional semen quality
criteria used for Al industry generally identifies bulls and
ejaculates with grossly low fertilizing potential. However,
sub-fertile and high fertile bulls are hard to identify.
Therefore, the present work was conducted ir order to
explore in vitro semen quality after stressing sperm cells,
because we hypothesized that some sublethal damages
affecting fertility could appear in the laboratory only if
the semen batch was submitted to different laboratory
challenges before assessing semen quality. Although
only statistical tendency was observed for field fertility,

it is noteworthy that semen batch presenting better
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reproductive performance at timed-Al also demonstrated
satisfatory resistance after in vitro challenges in several
laboratorial analyses.

Our group had already demonstrated that semen
fertility of some sires was more negatively affected by
thawing-bath environment than others, although the
reason why semen from some bulls was more susceptible to
specific thawing environments and/or procedures was not
elucidated (OLIVEIRA et al., 2012a). Since some batches
from a single bull presented higher sensitivity to in vitro
challenges and/or to cellular stress than others, our results
confirm that some laboratory procedures may be more or

less aggressive depending on the batch utilized.

Conclusion
The results of this study demonstrated individual

variation of different batches for in vitro sperm
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