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Abstract

Background: Insemination of mares with frozen-thawed spermatozoa requires inten-
sive management and results in 40%-60% per cycle pregnancy rates.

Objectives: To determine if satisfactory fertility is possible for frozen-thawed semen
after processing it through a microfluidic device, followed by storage at 17°C for up
to 24 h before fixed-time insemination.

Study design: Uncontrolled field trials.

Methods: A pilot study evaluated the motility of frozen-thawed spermatozoa after
centrifugation and storage (17°C) in two different media for up to 48 h. Subse-
quently, the motility of frozen-thawed semen processed through a microfluidic
device, resuspended in two different media during storage (17°C) for up to 24 h was
evaluated. The fertility of frozen-thawed spermatozoa, after microfluidic sorting and
storage at 17°C for up to 24 h, was evaluated after fixed-time insemination in a com-
mercial embryo programme. Experiment 1: Frozen-thawed spermatozoa (N = 5 stal-
lions) were centrifuged and resuspended in Botusemen Gold™ or SpermSafe™ and
stored (17°C) for up to 48 h. Sperm motility was evaluated by CASA at 0, 6, 24 and
48 h. Experiment 2: Frozen-thawed spermatozoa (N = 4 stallions) underwent micro-
fluidic sorting and storage (17°C) for up to 24 h in both media. Sperm concentration
and motility were evaluated at O, 16 and 24 h. Experiment 3: Fertility of frozen-
thawed spermatozoa (N = 3 stallions) was evaluated after insemination of 42 mare
cycles at 6, 16 and 24 h after thawing, microfluidic sorting and storage before fixed-
time insemination.

Results: The stallion significantly influenced sperm motility, but there was no effect
of media on motility parameters. Storage time significantly affected sperm motility
after centrifugation but not after microfluidic sorting. Storage time had no effect on
the overall embryo recovery rate (52%, n = 42).

Main limitations: Field trial with small mare numbers and no control at time = O h.
Conclusions: Fixed-time insemination of frozen-thawed spermatozoa after microflui-
dic sorting and storage at 17°C for up to 24 h produced satisfactory embryo recovery

rates.
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1 | INTRODUCTION

Frozen semen has become increasingly popular in sport horse breed-
ing programmes and per cycle conception rates range from 40% to
60% when used in commercial breeding programmes.>? There are
three major issues with frozen stallion spermatozoa that concern
breeders: (1) The fertility of frozen stallion sperm is lower than that of
fresh spermatozoa due to its poor longevity after thawing; (2) To com-
pensate for this reduced sperm longevity, intensive and expensive
veterinary management of the mares is required to optimise fertility;
and (3) The logistics and high costs associated with the transport of
frozen spermatozoa in expensive and potentially hazardous liquid
nitrogen shippers. The cost of shipping a small recyclable box contain-
ing a thawed dose of semen overnight is 5%-10% of the cost of ship-
ping dry vapour shippers to the breeding farm and back to the semen
storage centre. With the development of new semen longevity
extenders, opportunities to develop practical and better economic
solutions for the management and transport of frozen-thawed stallion
spermatozoa are worth investigating.

Typically, the insemination of mares with frozen spermatozoa
involves intensive reproductive management with multiple examina-
tions of follicle development around the time of ovulation.® It is
recommended that a commercial insemination dose of frozen sperma-
tozoa should contain a minimum of 250 million progressively motile
spermatozoa and exhibit progressive motility above 35%.% It has been
reported that single insemination of a total of 800 million frozen-
thawed spermatozoa within 12 h of ovulation can produce per cycle
pregnancy rates of 44.7% (55/123).* Other studies have performed
fixed-time insemination with commercial doses of frozen-thawed
semen, providing a minimum of 200 million motile spermatozoa at
32 h after human chorionic gonadotropin (hCG) administration or
at 40 h after gonadotropin-releasing hormone (GnRH) analogue and
achieved pregnancy rates of 54.7%° and embryo recovery rates of
40%.° The use of a split fixed-time insemination protocol at 24 and
40 h after ovulation induction, with a total of 800 million frozen-
thawed spermatozoa, has been shown to be useful for stallions with
both good and poor fertility.” Previously, it has been shown that when
lower doses of frozen-thawed spermatozoa are used, high pregnancy
rates are achievable when mares are inseminated either conventionally
(67%) or hysteroscopically (64%) with low doses containing 14 million
frozen-thawed spermatozoa at a fixed time of 32 h after hCG adminis-
tration.? In this same study, when the insemination dose was reduced
to 3 million frozen-thawed spermatozoa, hysteroscopic insemination
produced better results (47%) than conventional insemination (15%).

More recently, it has been reported that post thaw motility >30%
can be maintained at 5°C for 24 h and pregnancies’ (9/16 cycles,
56%) have been achieved after thawing, centrifuging and storing
frozen-thawed stallion semen at 5°C for up to 24 h.”*° In addition,
new methods for the liquid storage of fresh stallion spermatozoa at
room temperature in protein-free media’! may provide opportunities
for improving the longevity of frozen-thawed spermatozoa.

Cryopreservation of stallion semen is associated with significant

cell damage due to the effects of freeze-thaw injury*? and reactive

oxygen species.?® Therefore, to optimise the longevity of frozen-
thawed spermatozoa, it is desirable to select a high proportion of via-
ble spermatozoa. New microfluidic sperm sorting methods used in
in vitro embryo production systems have been shown to select sub-
populations of frozen-thawed spermatozoa with high motility,'* nor-
mal morphology, viability, membrane integrity and DNA integrity
without the need for centrifugation as required for other sperm sepa-
ration techniques like density gradient separation.'>¢ Centrifugation
of spermatozoa has been shown to increase the level of reactive
oxygen species in the sample, which is detrimental to sperm DNA
integrity and fertility’” and so the ability to eliminate a centrifugation
step may be beneficial. Microfluidic sperm separation, therefore,
offers a very practical and economic method of selecting a viable
population of spermatozoa without the need for centrifugation.

The optimal temperature for storing stallion semen has not been
fully determined, but various reports suggest it ranges from 5°C to
20°C.1118 For fresh semen, it is recommended that the cooling rate
during the phase transition of the sperm membrane is —0.5°C/min,
and faster cooling rates may induce cold shock, which is detrimental
to sperm viability. The mean temperature during December in
New Zealand ranges between 20°C and 25°C (niwa.co.nz), and over-
night the temperature ranges from 10°C to 17°C, therefore providing
an ambient temperature within the range suitable for sperm storage.
During the freezing and thawing process, spermatozoa experience
oxidative damage and so a storage temperature of 17°C after thawing
may also minimise potential membrane damage due to peroxidation,
excess calcium influx and membrane phospholipid disorder, which
occurs at high or low temperatures.'® The protein-free sperm longev-
ity media, SpermSafe™, was designed to maintain fresh sperm viability
at this temperature (17°C), but there are no reports of its ability to
maintain the viability of frozen-thawed spermatozoa over time.

The objective of this study, therefore, was to determine if satis-
factory fertility was achievable in a commercial embryo programme by
combining microfluidic sperm isolation techniques with the protein-
free ambient temperature sperm longevity media and a simple fixed-
time insemination protocol, to reduce the costs of shipping frozen
semen and the intensive veterinary management of mares for
frozen semen insemination.

2 | MATERIALS AND METHODS

21 | Semen preparation

2.1.1 | In vitro semen evaluation

Experiment 1: Three straws (0.5 mL) of frozen semen from stallions of
proven fertility (N = 5, r = 2) were thawed at 37°C for 30 s in a water
bath and diluted in 1:1 (vol/vol) of Botusemen Gold™ (Botupharma
Ltd.). The thawed semen was centrifuged at 400 g for 4 min at room
temperature and the 100 pL pellet of spermatozoa was resuspended
in either 1 mL of SpermSafe™ (Breed Diagnostics) or Botusemen

Gold™. This sample was stored at 17°C and evaluated for motility and

35UB01 SUOWILLID) AR 3| [ddle aU) Aq pauieA0B a1 SBPILE O 188N J0'S3IN. 10} AZRIq1 BUIIUO AB|IA U (SUONIPUOD-PL-SLLLIR}WI0D"AB] 1M ARe.q 1 puluoy/:SciiL) SUOTIPUOD PLEE SWLB | 3L 805 *[5202/0T/22] Uo ARIqITauIuO ABIIM * AIS UM Aq 960¢T [R/TTTT 0T/I0p/w00™Aa| M Aeiq)1jpul U0 @ASq//'ScY LY PAPROIUMOQ ‘Y *¥Z0Z ‘90EEZH0Z


http://niwa.co.nz

690

MORRIS ET AL.

concentration by Androvision™ (Minitube) computer-assisted semen
analysis software at 0, 6, 24 or 48 h after thawing. Semen was stored
at 17°C in a portable car fridge (Ridge Ryder Thermo Cooler/Warmer
12 L, Supercheap Auto Pty Ltd).

Experiment 2: Three straws (0.5 mL) of frozen semen from stal-
lions of proven fertility (N = 4, r = 2) were thawed at 37°C for 30 s in
a water bath and diluted in 1:1 (vol/vol) of Botusemen Gold™. The
thawed semen was expelled into a test tube and 2 mL of warm (37°C)
Botusemen Gold™ was added to the 3 mL of thawed sperm suspen-
sion. An aliquot of 1 mL of thawed semen diluted in Botusemen
Gold™ was reserved as an untreated control. An aliquot of 3 mL of
thawed diluted spermatozoa was aspirated into a 5 mL syringe and
spermatozoa were infused into the microfluidic device (VetMotl™,
Inc.) via the inlet port.

The outlet port was primed with 100 pL of either Botusemen
Gold™ or SpermSafe™ semen diluent and 2.9 mL of the respective
semen diluent was added dropwise onto the surface of the membrane
from a height of 2 cm so that the media covered the membrane. The
device was placed in a humidified petri dish and incubated in the dark
at room temperature for 30 min. A 1 mL syringe was attached to the
outlet port and a total volume of 1 mL was aspirated into the syringe.
The 1 mL sample of diluted spermatozoa was stored in a flat bottom
5 mL polypropylene vial at 17°C until the time of evaluation. After
thawing, sperm concentration and motility parameters were evaluated
before and after processing through the microfluidic device and at
0, 16 and 24 h after thawing and compared with an untreated control
sample diluted in Botusemen Gold™ but not processed through the
microfluidic device.

Experiment 3: Semen preparation for insemination.

Three straws (0.5 mL) of frozen semen from three stallions from
the same stud with proven fertility were thawed and diluted in 1:1
(vol/vol) Botusemen Gold™. The semen was processed through the
microfluidic device and stored in SpermSafe™ diluent at 17°C for up
to 24 h. The sperm concentration of the samples and the motility
parameters were evaluated by Androvision™ (Minitube) computer-
assisted semen analysis at 0, 6, 16 and 24 h after thawing.

Insemination study

The frozen-thawed spermatozoa were prepared as described above.
The 1 mL sample of spermatozoa diluted in modified, protein-free
SpermSafe™ medium was stored in a flat bottom 5 mL polypropylene
vial at 17°C until the time of insemination. After thawing, processing
and storing, spermatozoa from three commercial stallions (one batch
per stallion) were used to inseminate a total of 42 mare cycles follow-
ing sperm storage for 6 (N = 13), 16 (N = 16) or 24 (N = 13) hours

after thawing and processing.

2.1.2 | Mare management and insemination

This study was undertaken in the Waikato region of New Zealand
(37.78° S, 175.25° E). All mares in this breeding programme were fed
ad lib baylage and 2 kg pellets (NRM Evolve™ nuts; NRM) daily.

For this study, non-lactating, reproductively normal mares
(N =11 mares, 42 cycles) ranging from 5 to 12 years old were
selected based on their history of conceiving and foaling uneventfully
in the last 2 years. The mares' reproductive tracts were examined daily
by per rectal ultrasound during oestrus until a dominant 35 mm folli-
cle, uterine oedema and a soft cervix were detected. At this time, they
were treated with 1.25 mg Deslorelin IM (BioRelease® Deslorelin;
Dechra Ltd). The mares' reproductive tracts were examined by trans-
rectal ultrasound 22 h after ovulation induction treatment to confirm
suitability for insemination, again at 40 h, at the time of insemination
and finally 24 h after insemination to confirm ovulation and to deter-
mine if any intrauterine fluid was evident (Figure 1). At 24 h after
insemination the mares were treated once with 10 U oxytocin
subcutaneously.

At 40 h after ovulation induction, the mares were inseminated using
a deep horn insemination technique to deliver the 1 mL insemination
dose—which contained a mean (+SEM) of 9.26 (+1.62) x 10° total sper-
matozoa in 2 x 0.5 mL straws, ipsilateral to the side of the dominant folli-
cle or ovulation. The deep uterine insemination technique involved
passing a flexible equine universal pipette (Catalogue #17209/0001;
Minitube) through the cervix and manipulating it per rectum along the
lumen of the uterine horn ipsilateral to the dominant follicle and deposit-
ing the insemination dose (1 mL) at the tip of the uterine horn.2°

To evaluate the fertility of the frozen-thawed, stored spermato-
zoa, embryos were recovered from the uterus by transcervical uterine
lavage.?'?? This was performed using a cuffed silicone catheter
(French size 33) passed through the cervix into the uterine lumen. The
uterus was flushed with 3 x 1 L sterile compound sodium lactate
(Baxter™; SVS Veterinary Supplies) and the embryo was collected in a
Miniflush® filter system (mesh size 40 um; Catalogue #19222/2000;
Minitube) at 8 days after ovulation.

During the same breeding season, the reproductive tracts of
37 commercially available mares (5-18 years old) were monitored by
ultrasound every 6 h after ovulation induction with 1.25 mg Deslore-
lin IM (BioRelease® Deslorelin; Dechra Ltd). These mares were insemi-
nated when ovulation was confirmed with a minimum of 200 million
total motile frozen-thawed spermatozoa from stallions (N = 15) from
the same stud.

2.1.3 | Dataanalysis
Analysis of the sperm motility data was conducted using the Minitab
v20 general linear model analysis model to identify treatment effects.
To evaluate the effects of before and after treatment on the same
sample a paired t-test was also used. The normal distribution of resid-
uals was assessed using a Ryan-Joiner test. In cases where residuals
deviated from normal distribution and no interactions between factors
were observed, a Johnson transformation was used. Differences
between means were considered significant when p < 0.05. Compari-
sons of means were performed using the Tukey comparison method.
In Experiment 1, the sperm motility parameters were evaluated

post thawing at t = 0 h and then at t = 6, 24, 48 h after processing
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FIGURE 1 Insemination . i . . i
Insemination protocol for 16h semen storage and insemination at 40h after ovulation induction
protocol.
Day 0
& Day 1
Day 2 Day 3
TA I'T~L E1l Expen:w:nt 1 CAhSA Post thaw storage
moti |.ty par.ameters ollowing the time Motility parameter (%) Botusemen Gold™ SpermSafe™
centrifugation and storage of frozen- ”
thawed stallion spermatozoa (N = 5 Oh Total motility 221+49 249 £5.2
stallions, r = 2) in either Botusemen Gold Progressive motility 15.9 + 3.5 18.3+4.3
or SpermSafe at 17°Cat 0, 6, 24 Rapid motility 33+07 61+16
and 48 h. .
6h Total motility 21.4+34 222+48
Progressive motility 179 +2.9 17.0+4.0
Rapid motility 71+11 58+1.3
24 h Total motility 19.3+4.0 178+ 3.8
Progressive motility 145+ 3.2 13.2+2.7
Rapid motility 44+1.1 52+1.2
48 h Total motility 119+24 128 +3.6
Progressive motility 9.5+22 9.4 +3.0
Rapid motility 24 +0.6 3.7+12

Note: No significant differences were observed between media at any time point for any motility

parameter.

and storage at 17°C. In Experiment 2, the sperm motility parameters
and concentration were evaluated post thawing at t = 0 h and then
again at t = 16 and 24 h after processing through the microfluidic
device and storage at 17°C and compared to untreated control. For
Experiment 3, the insemination study, the sperm motility was evalu-
ated immediately after thawing and before processing through the
microfluidic device, then after processing at t=6, 12, 24h.
The sperm concentration was evaluated using computer-assisted
semen analysis (Androvision software; Minitube) before and after pro-
cessing through the microfluidic device. The effect of processing sper-
matozoa through the microfluidic device on in vitro sperm motility
(computer-assisted sperm assessment; AndroVision®; Minitube)
before and after processing was analysed by a paired t-test (results
presented as mean + SEM). The differences in embryo recovery rates
by stallion, relative to ovulation and at each semen storage time point
6, 16 and 24 h, were evaluated by chi-square analysis.

3 | RESULTS

Experiment 1: After thawing, centrifuging and storing the spermatozoa
in either Botusemen Gold™ or Spermsafe™ medium, significant effects

of stallion and storage time were revealed for total motility (p < 0.01
and 0.05, respectively), progressive motility (p <0.001 and 0.05,
respectively) and rapid motility (p < 0.01 and 0.01, respectively), while
significant effects of storage time only were revealed for local motility
(p < 0.05) (Table 1). No effect of the medium was revealed, and there
was also no evidence of interactions between any of the following
factors: stallion, post thaw storage time or medium.

Experiment 2: After thawing, diluting semen in Botusemen Gold™
medium, processing through the microfluidic device and resuspend-
ing the spermatozoa in either Botusemen Gold™ or SpermSafe™
medium and compared to a non-processed control sample, there
was a significant effect of stallion on the total motility (p < 0.001)
and progressive motility (p < 0.001) (Table 2). No effect of the
medium was revealed, and there was also no evidence of interac-
tions between any of the following factors: stallion, post thaw stor-
age time or medium.

Experiment 3: There was a significant beneficial effect of
processing the thawed spermatozoa through the microfluidic
device on total sperm motility (65.1 + 9.8% vs. 76.1 + 10.52% for
pre- and post-processed spermatozoa, respectively; p < 0.001),
progressive motility (pre-processed: 55.5+ 11.7% and post-
processed: 72.4 +10.4%; p <0.001; Table 3), rapid motility
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TABLE 2 Experiment 2: CASA motility parameters following processing thawed semen through microfluidic device and storage of frozen-
thawed stallion spermatozoa (N = 4 stallions, r = 2) in either Botusemen Gold or SpermSafe at 17°C at 0, 16 and 24 h.

Post thaw storage time Motility parameter (%) Control

Oh Total motility 50.0+15.1
Progressive motility 43.1+134

16 h Total motility 53.1+13.2
Progressive motility 414 +£119

24 h Total motility 435+ 140
Progressive motility 35.7+12.8

Botusemen Gold after SpermSafe after microfluidic
microfluidic sperm selection sperm selection

55.0+9.6 60.0 £4.1

44.3 + 10.0 420+54

51.3+18.9 415+ 139

44.7 £ 16.9 39.6 £ 13.2

571+3.7 60.8 £ 11.7
56.17 + 3.0 59.7 £ 11.0

Note: Data presented as mean + SEM. No significant differences were observed between media at any time point for any motility parameter.

TABLE 3 Experiment 3: Effect of processing frozen-thawed
spermatozoa (N = 3 stallions, r = 2) through the microfluidic device.

Before microfluidic After microfluidic
Semen parameter sperm selection sperm selection p Value

Total motility % 65.1+2.1 76.1+22 <0.001

Progressive motility % 55.5 + 2.4 724 +22 <0.001

Rapid motility % 13.1+£15 48.0+28 <0.001

Sperm concentration 114.8 + 9.2 93+1.6 <0.001
(x 10%/mL)

Note: Data presented as mean + SEM. Paired t-test, the Johnson
transformation was performed on non-normal data, significance is
denoted when p < 0.05.

(pre-processed: 13.4 + 7.4% and post-processed: 48.0 + 13.5%;
p < 0.001). There was a significant effect (p < 0.001) of stallion
and storage time (0, 6, 16, 24 h) after thawing on the sperm total,
progressive and rapid motility. Both the total and progressive
motility parameters were maintained above 55% for 24 h post
thaw (Figures 2 and 3).

There was a significant effect of microfluidic processing on sperm
concentration, with a mean pre-processing sperm concentration of
114.8 £ 44.2 x 10° spermatozoa/mL and a mean post-processing
sperm concentration of 9.3 + 7.8 x 10° spermatozoa/mL (p < 0.001).
This translates to a 1 mL insemination dose containing a mean of
9.3 x 10° spermatozoa. There was no effect of stallion on the sperm
concentration before or after processing through the microfluidic

device.

3.1 | Insemination and embryo recovery study

The overall embryo recovery rate was 52% (N = 42 mare cycles). The
embryo recovery rates ranged from 31% to 69% for the three storage
time treatment groups, but these differences were not statistically sig-
nificant (Table 4), nor were they different between stallions (Table 5).
Only one mare developed post-breeding accumulation of uterine fluid
as diagnosed by ultrasound and she was excluded from the trial. None
of the other mare cycles (N = 42) exhibited any evidence of or required

any treatment for, intrauterine fluid accumulation after insemination.

There was no effect of the timing of insemination (with respect to
the time of ovulation) on the per cycle embryo recovery rate. At the
time of insemination (40 h post ovulation induction treatment), 17/42
(40%) mare cycles had ovulated and 25/42 (59.5%) mare cycles had
not yet ovulated. There was no difference in the embryo recovery
rates from mares that had (52.9% embryos/cycle) or had not ovulated
(52.0% embryos/cycle) at the time of insemination. None of the mares
produced more than one embryo per recovery. There was no effect of
mare, cycle number or date of insemination on the embryo
recovery rate.

The per cycle conception rate of a reference group of commer-
cially bred mares (N = 37) inseminated within 6 h post ovulation using
200 million frozen-thawed spermatozoa from stallions at the same
stud was 52.6% (N = 57 cycles). In the commercial embryo breeding
programme, 8 out of 13 mares produced embryos (61.5%) after deep
uterine insemination within 6 h post ovulation with a minimum of
200 million motile frozen-thawed semen from the same three stal-
lions(A:N=1,B:N=3,C:N=9).

4 | DISCUSSION

Our study demonstrates that a fixed-time insemination protocol
including a microfluidic selection of frozen-thawed spermatozoa fol-
lowed by storage of frozen-thawed stallion spermatozoa in modified
SpermSafe™ diluent at 17°C for 6-16 h can produce satisfactory
embryo recovery rates after low dose, deep uterine insemination at
40 h after ovulation induction. The overall embryo recovery rates
(52%) achieved compared favourably with the per cycle pregnancy
rates achieved by both our reference group of mares, and those
reported after insemination of frozen semen at a fixed time before
ovulation (54.7%) or within 6 h post ovulation (38.3%) under
New Zealand conditions.® Both studies, however, were field studies
without a control group. In another study which evaluated the preg-
nancy rates achieved using an intensive monitoring post ovulation
insemination protocol versus double insemination at fixed times of
24 and 40 h after treatment with deslorelin, the overall pregnancy
rates were 41% for post ovulation insemination and 52% for double

fixed-time insemination.”
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FIGURE 2 Experiment Interval Plot of Sperm total motility
3 insemination trial: % sperm total 95% Cl for the Mean
motility over 24 h post thaw
(N = 3 stallions, 42 cycles). 80
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FIGURE 3 Experiment Scatterplot of Sperm total motility vs Time (h)
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TABLE 4 Embryo recovery rates (%) for each treatment group

(hours after thawing).

Duration of

spermatozoa

storage after Mares

thawing (h) inseminated (N)
6 13

16 16

24 13

Total 42

Time (h)

In an effort to reduce the frequency of veterinary monitoring of
follicle development and ovulation, the number of examinations was
reduced from six hourly in the reference group of commercial mares

to once daily for the mares in this trial. Consequently, the 18 h inter-
Embryos Embryo

recovered (N) recovery (%) val between the ultrasound examination of the reproductive tract at

22 and 40 h after ovulation induction was strategically intended to fit

7 53.8%
A e in with the courier schedule. Nevertheless, despite finding that 40%

N ()
4 31.0% of the mares had ovulated at the fixed time of insemination, we
= observed no difference in the embryo recovery rates of mares that

22 52.4%

had ovulated before or after insemination. The insemination time of
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TABLE 5 Embryo recovery rates (%) for each stallion.
Total mares Embryos Embryo
Stallion inseminated (N) recovered (N) recovery (%)
A 24 14 58.3%
B 13 5 38.5%
C 5 3 60.0%
Total 42 22 52.4%

40 h after ovulation induction with the GnRH agonist was selected
based on its expected proximity to ovulation, as it has been reported
that the mean time to ovulation from deslorelin treatment was
38.6 h?® to 40.9 h” in oestrous mares with a >30 mm follicle at the
time of treatment.

Due to the limited group sizes in this breeding programme, there
was no significant difference in the embryo recovery rates across the
three time periods. Therefore, further investigation of the fertility of the
thawed stored spermatozoa for 24 h or longer is warranted. Our overall
sperm motility results are like those obtained by others using frozen-
thawed semen stored at 5°C for 24 h.>"1° Together, these studies pave the
way for a new approach to inseminating mares with frozen-thawed sperm
and it appears to be very feasible to reduce the intensity of the veterinary
management of mares inseminated with frozen-thawed semen.

The mare management and fixed-time insemination protocol used
in this study was very simple, requiring only one ultrasound examina-
tion of the reproductive tract on the day of insemination. Further-
more, the low incidence of intrauterine fluid accumulation observed
after insemination, despite the insemination of the mares on more
than one oestrous cycle with frozen-thawed semen, was a very posi-
tive outcome. Previous reports have suggested that the removal of
seminal plasma from the semen freezing and thawing process reduces
the immunomodulation effects of seminal plasma and increases the
risk of persistent breeding-induced endometritis.>?42?°> Therefore,
when mares were examined at 24 h after insemination, there was no
ultrasonographic evidence of intrauterine fluid accumulation, and
therefore, no indication for treatment with uterine lavage or intra-
uterine antibiotics, which are commonly used in veterinary stud prac-
tice. This may be due to the fact that the peak physiological and tran-
sient post-breeding inflammation induced by spermatozoa occurs at
around 6 h post insemination?® and it had resolved by 24 h in this
reproductively normal group of mares.

There was also no effect of cycle number on the embryo recovery
rates from this group of mares as their fertility was maintained. This
beneficial outcome may be related to the use of fertile mares resistant
to persistent breeding-induced endometritis, the use of the protein-
free SpermSafe™ media accompanied by the low number and concen-
tration of spermatozoa used for deep insemination. Foreign protein
stimulation of the uterus, sperm number and insemination method
have been previously reported to influence the incidence of persistent
breeding-induced endometritis. #2728
In the present study, processing frozen-thawed stallion sperma-

tozoa using the microfluidic device enabled a very small population of

viable spermatozoa to be stored at 17°C for up to 24 h. This new
microfluidic device has previously been evaluated for in vitro embryo
production programmes for the selection of viable spermatozoa
before intra-cytoplasmic sperm injection (ICSI).2? While ICSI requires
very low sperm numbers, artificial insemination requires much higher
numbers to achieve acceptable fertility rates. Nonetheless, despite
recovering only approximately 10% of the total sperm population
available after thawing, in this study, the highly selected small popula-
tion of spermatozoa produced satisfactory fertilisation in vivo,
reflected by commercially acceptable embryo recovery rates. It has
previously been shown that artificial insemination with low numbers of
spermatozoa (<14 x 10%) can produce satisfactory pregnancy rates
using frozen-thawed spermatozoa that have been processed through a
Percoll density gradient followed by hysteroscopic insemination at a
fixed time of 32 h after ovulation induction.® With improvements in
deep uterine insemination techniques since 2003, hysteroscopic insemi-
nation is no longer required, making the protocol described in this study
very practical to implement in commercial practice. Moreover, the sim-
ple protocol for processing the frozen-thawed spermatozoa with the
microfluidic device did not require a centrifugation step and effectively
selected a viable population of spermatozoa.

Our preliminary investigation of the sperm motility parameters
throughout 24-48 h storage after thawing revealed that simply
centrifuging the thawed sample and resuspending it after thawing will
not provide satisfactory motility (>35%) for all stallions when stored at
17°C. In this study, we observed that stallion differences and storage
time influenced sperm motility after thawing, but there was no effect of
storage media on sperm motility. Other studies have shown that centri-
fugation of thawed semen followed by storage at 5°C is capable of main-
taining the post thaw motility above 30% for up to 24 h.? In Experiment
2, we observed that the sperm motility was maintained above 35% simi-
larly for both media for 24 h after processing the thawed semen through
the microfluidic device. Despite the selective process provided by the
microfluidic device, stallion differences in motility were not eliminated.
Again, in the insemination trial using another group of stallions, the effect
of stallion and storage time on the sperm motility parameters was evi-
dent after processing thawed semen through the microfluidic device and
storing it in the protein-free SpermSafe™ medium.

Based on the understanding of the effects of oxidative stress on
the longevity of stallion spermatozoa, this protein-free sperm storage
medium can optimise the fertility and longevity of fresh spermatozoa

from stallions for up to 14 days®%3!

and creates opportunities to
improve the longevity and fertility of frozen-thawed, sex-sorted or
sub-fertile spermatozoa. In a recent report,®? 67% of mares conceived
after insemination with spermatozoa from a stallion with poor cooling
tolerance, which was processed and extended with SpermSafe™ in
comparison with no pregnancies achieved with another commercially
available milk-based stallion semen extender. Given that there was no
significant difference in the sperm motility parameters between post
thaw samples processed using a casein-based media or the protein-
free media and having limited numbers of mares available for the trial,
the protein-free media designed for sperm longevity was selected for

fertility evaluation.
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The combination of sperm isolation using the microfluidic device,
and post-isolation storage in the protein-free modified SpermSafe™
medium simplifies the logistics and reduces the expense associated
with transporting frozen spermatozoa. Based on the effect of each
stallion observed for the sperm motility parameters over time, it
would be recommended to assess the suitability of different stallions
for this protocol before commercial application. The number of
0.5 mL straws provided per insemination dose under commercial con-
ditions typically ranges from 1 to 8 straws to provide a minimum of
200 million motile spermatozoa in a dose. For this study, 3 x 0.5 mL
straws of commercially frozen spermatozoa were processed to create
one insemination dose, which contained approximately 9 million sper-
matozoa (1 mL). It may be possible to compensate for variability in
stallion fertility by increasing the sperm numbers or number of straws
available for processing and deep uterine insemination.

In conclusion, the ability to thaw frozen spermatozoa and store it
at an ambient temperature of 17°C or in a portable car fridge for up
to 24 h before a fixed-time insemination simplifies the management
and insemination protocols for mares and achieves satisfactory
embryo recovery rates. Overall, the implementation of this protocol
reduces the number of veterinary interventions required for
insemination with frozen spermatozoa. In addition, the processing of
the spermatozoa and shipping logistics for the frozen-thawed sper-
matozoa are simplified. Further studies will follow to evaluate differ-
ent media and refine this protocol for sub-fertile mares and a variety
of stallions. Combining the storage of frozen-thawed semen for up to
24 h with fixed-time insemination of mares provides a practical option

to simplify frozen semen breeding programmes.
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