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1  |  INTRODUC TION

Conventional in vitro fertilization (IVF) is a well-established tech-
nique to produce embryos for clinical or research purposes in 
many species. However, it is not clinically used in horses due to 
the difficulty of inducing sperm capacitation and the inability of 
equine spermatozoa to penetrate the zona pellucida of the oocyte 
(Leemans et al., 2016). Recently, Felix et al.  (2022) described the 

first successful IVF protocol in horses, using fresh equine sperma-
tozoa. One of the key findings of this study is that equine sper-
matozoa should be incubated for 22 h at 38.2°C in a capacitating 
medium (FERT-TALP) containing penicillamine, hypotaurine and 
epinephrine (PHE) to achieve capacitation and oocyte fertiliza-
tion. The presence of PHE is essential, as its absence during sperm 
incubation leads to cell death and results in the degeneration of 
oocytes during co-incubation. Even though this is a significant 
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Abstract
A protocol for conventional in vitro fertilization (IVF) in horses using fresh semen has 
been described, using a prolonged incubation in FERT-TALP medium (22 h) at 38.2°C 
in the presence of penicillamine, hypotaurine and epinephrine (PHE). Our work aimed 
to develop a protocol that maintains quality parameters in frozen–thawed equine 
spermatozoa incubated for 22 h in the presence of PHE using different media (FERT-
TALP and INRA96) and incubation temperatures (30 and 38.2°C). Twelve frozen ejac-
ulates from four stallions were thawed and then incubated in either FERT-TALP or 
INRA96 with PHE at 30°C or 38.2°C for 22 h. Following incubation, total motility 
(TM), progressive motility (PM), viability and acrosome integrity were evaluated. The 
results showed that TM was significantly higher (p < .001) at 30°C in both media, while 
PM was higher for INRA96 at 30°C compared to 38°C (p < .05). Moreover, INRA96 
at 30°C exhibited higher sperm viability and acrosome integrity (p < .001) compared 
to the other experimental groups. These preliminary results suggest that incubating 
thawed equine spermatozoa at 30°C with PHE in INRA96 successfully maintains mo-
tility, viability and acrosome integrity in equine spermatozoa, indicating its potential 
use for conventional equine IVF.
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advance in the knowledge of the induction of equine capacitation, 
in this protocol, the use of fresh spermatozoa requires immediate 
access to the laboratory (<30 min), and the experiments should be 
scheduled according to the semen collection timing. These disad-
vantages would be easily overcome if frozen–thawed spermatozoa 
could be used for conventional IVF. Unfortunately, cryopreserva-
tion exerts a detrimental effect on equine spermatozoa, result-
ing in a shortened lifespan of thawed spermatozoa (Contreras 
et al., 2023), increasing even more the difficulty of using frozen–
thawed spermatozoa in a conventional IVF protocol. Previous 
studies have demonstrated that incubating thawed human sper-
matozoa at room temperature (RT) better preserves their qual-
ity compared to standard incubation at 37°C (Uribe et al., 2017). 
Hence the objective of this study was to develop a protocol that 
maintains the viability, motility and acrosome integrity of thawed 
spermatozoa incubated for 22 h in the presence of PHE. To this 
purpose, we incubated equine spermatozoa at 30  or 38.2°C for 
22 h in two different media, FERT-TALP or INRA96 (IVM technol-
ogies, L'Aigle, France), a commercial medium designed to preserve 
stallion ejaculates at lower temperatures (4–15°C).

2  |  MATERIAL S AND METHODS

2.1  |  Sperm processing

Ejaculates from four stallions with proven fertility housed at the 
Veterinary Teaching Hospital of the University of Extremadura 
(Cáceres, Spain) were frozen as previously described (Fernández-
Hernández et  al.,  2022) at 200 mill/mL in 0.5 mL French straws 
and stored in liquid nitrogen. For each replicate (three per stal-
lion, n = 12), four straws were thawed for 60 s at 38°C in a water 
bath. Afterwards, spermatozoa were immediately diluted 1:1 in 
phosphate-buffered saline and centrifuged at 600 g for 10 min at RT 
using a silica colloidal solution (PureSperm™ 80%, Nidacon, Mölndal, 
Sweden). Spermatozoa were diluted in FERT-TALP or in INRA96 
at 20 mill/mL (500 μL final volume), added with 9 μM hypotaurine, 
18 μM penicillamine and 1.8 μM epinephrine (PHE), according to 
Felix et al. (2022). Then, spermatozoa were incubated for 22 h at 30 
or 38.2°C in 5% CO2/95% air in 5 mL round bottom plastic tubes 
(Corning, NY, USA). After incubation, all samples were incubated for 
1 h at 38.2°C prior to analysis.

2.2  |  Motility evaluation

Sperm motility was assessed by a CASA system (ISAS system, 
Proiser R+D, Valencia, Spain) using previously validated settings 
for stallion spermatozoa (González-Fernández et  al.,  2020). Two 
microliters of each sample were loaded in a warmed (38.2°C) 
counting chamber with a fixed height of 20 μm (Leja Products 
B.V., Nieuw-Vennep, The Netherlands). A minimum of three mi-
croscopic fields and at least 300 spermatozoa were evaluated for 

each sample and total motility (TM) and progressive motility (PM) 
were assessed.

2.3  |  Flow cytometry analysis

Flow cytometry analysis was performed using an ACEA NovoCyte 
flow cytometer (ACEA Biosciences, San Diego, CA, USA). Sperm 
viability was determined using SYBR-14 and propidium iodide (PI), 
and acrosome integrity was evaluated using the combination of 
Arachis hypogaea lectin (PNA-FITC) and PI as previously reported 
(Fernández-Hernández et al., 2022). Sperm viability is expressed as 
the percentage of SYBR-14 positive and PI negative (SYBR-14+ and 
PI−) and acrosome integrity is expressed as the percentage of live 
spermatozoa with intact acrosome (PNA− and PI−).

2.4  |  Statistical analysis

Statistical analyses were performed using IBM® SPSS® Statistics 
29.0.0. A one-way ANOVA followed by the Bonferroni post hoc test 
was used to compare values between groups. Statistical significance 
was set at p < .05.

3  |  RESULTS

Our results showed that the proportion of TM was significantly higher 
(p < .001) when spermatozoa were incubated at 30°C compared to 
38.2°C for both media (FERT-TALP: 19.56 ± 2.56 vs. 9.9 ± 2.15 and 
INRA96: 25.72 ± 1.93 vs. 1.86 ± 0.40; mean % ± standard error of the 
mean [SEM], respectively) (Figure  1A). Besides, the highest value 
for PM was observed in INRA96 at 30°C (11.18 ± 0.85), although no 
statistically significant differences were observed between incuba-
tion media (FERT-TALP: 7.1 ± 1.37, p > .05; Figure 1B). The proportion 
of live and live spermatozoa with intact acrosome resulted signifi-
cantly higher when spermatozoa were incubated in INRA96 at 30°C 
(28.05 ± 2.83 and 26.47 ± 2.58, respectively; p < .001) compared to 
the rest of experimental groups (Figure 2A,B).

4  |  DISCUSSION

Our preliminary study demonstrates that thawed equine sperma-
tozoa incubated in INRA96 successfully maintain their motility, vi-
ability and acrosome integrity when incubated at 30°C for 22 h in 
the presence of PHE. INRA96 is a commercial skimmed-milk-based 
semen extender widely used for storage of cooled semen (4–15°C) 
(Eterpi et al., 2022); however, to the best of our knowledge, it has 
never been used to incubate equine thawed spermatozoa at higher 
temperatures for extended periods. Previous research by Felix 
et  al.  (2022) showed that incubation of fresh equine spermatozoa 
in the presence of PHE maintains viability and motility after 22 h 
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at 38.2°C in FERT-TALP medium. However, under our conditions, 
thawed spermatozoa incubated using this protocol exhibited poorer 
quality parameters among the groups analysed, suggesting that it 
may not be suitable for thawed spermatozoa. In contrast, our modi-
fied protocol (using INRA96 at 30°C in the presence of PHE for 22 h) 
resulted in consistently better viability and acrosome integrity, with 
higher motility values. Importantly, we observed that all viable sper-
matozoa presented an intact acrosome. This result is crucial since 
in equine conventional IVF, acrosome reaction occurs after the in-
teraction with the oocyte's granulosa cells (Felix et al., 2022). Our 
modified protocol could be an interesting alternative, considering 
previous findings showing that equine spermatozoa incubated in 
INRA96 exhibited more efficient binding to bovine zona pellucida 
compared to spermatozoa incubated in TALP medium (Coutinho Da 

Silva et  al.,  2012). The mechanism by which a slightly lower tem-
perature during incubation improves sperm quality is not fully un-
derstood. However, it has been proposed that incubation at low 
temperatures reduces the metabolic rate of spermatozoa, leading to 
decreased production of reactive oxygen species, thus prolonging 
sperm lifespan (Gibb & Aitken, 2016).

5  |  CONCLUSIONS

In conclusion, our preliminary results demonstrate that frozen–
thawed equine spermatozoa can maintain their motility, viability and 
acrosome integrity when incubated at 30°C in INRA96 for 22 h in 
the presence of PHE. The insights from our study could promote the 

F I G U R E  1 Effect of medium (FERT-TALP or INRA96) and temperature (38.2 or 30°C) on total and progressive motility. After thawing, 
spermatozoa were incubated for 22 h in the presence of PHE in FERT-TALP or INRA96. (A) Percentage of total motile spermatozoa 
(mean ± SEM). (B) Percentage of progressive spermatozoa (mean ± SEM). Different letters indicate statistical differences (p < .001; n = 12).

F I G U R E  2 Effect of medium (FERT-TALP or INRA96) and temperature (38.2 or 30°C) on viability and acrosome integrity. After thawing, 
spermatozoa were incubated for 22 h in the presence of PHE in FERT-TALP or INRA96. (A) Percentage of live spermatozoa (mean ± SEM). (B) 
Percentage of live spermatozoa with intact acrosome (mean ± SEM). Different letters indicate statistical differences (p < .001; n = 12).
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use of frozen–thawed spermatozoa in conventional IVF procedures 
in horses. Yet, further investigation is needed to determine if these 
specific conditions can induce capacitation and lead to successful 
fertilization of oocytes in vitro.
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