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Abstract of thesis:
Sperm function is known to decline substantially following cryopreservation and thawing, despite efforts
to optimize freezing protocols. Accordingly, post-thaw sperm selection approaches are being refined to
enhance the elimination of damaged sperm subpopulations and undesirable by-products, thereby ensuring
that only functionally competent sperm are utilized in fertilization programs.
In this study, we evaluated for the first time a centrifugation-free sperm selection approach using the
MIGLIS device, which operates based on migration-gravity sedimentation. Given the well-recognized
interspecies differences in sperm structure and physiology, which influence susceptibility to cryo-induced
damage, the efficiency of sperm selection may vary between species and thus requires species-specific
evaluation. Therefore, frozen-thawed bovine and porcine sperm, representing models with distinct
cryotolerance profiles, were used to systematically assess the effectiveness of this approach.
Chapter 1 investigated the efficacy of bovine sperm selection using the MIGLIS device and compared
its performance with conventional centrifugation-based techniques, including simple washing and Percoll
density gradient centrifugation. An initial experiment was conducted to determine the optimal sperm
dilution ratio for efficient application of the MIGLIS system. Thereafter, selection efficiency was
evaluated with respect to overall sperm functional quality, post-processing reactive oxygen species (ROS)
generation and subsequent in vitro blastocyst development. Although the MIGLIS system yielded a lower
sperm recovery rate, it selectively enriched a subpopulation with higher functional competence. Notably,
intracellular ROS levels were significantly reduced in both MIGLIS-selected spermatozoa and the
resulting early-stage blastocysts. No significant differences were observed in blastocyst formation rates
among the selection methods. Overall, these results demonstrate that MIGLIS improves sperm functional
integrity by limiting oxidative stress, supporting its use as a less invasive alternative to centrifugation-
based sperm selection strategies.
In Chapter 2, we further clarified the functional role of the MIGLIS device in bovine sperm selection
when samples exhibit comparable conventional quality parameters but result in markedly different
reproductive outcomes, as observed between the high-fertility (HF) and low-fertility (LF) sperm groups.
Although standard laboratory-based semen evaluation showed no differences between groups in motility,

viability, or acrosome integrity, clear disparities emerged at the functional level, with the HF group
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exhibiting higher cleavage and blastocyst formation rates. This functional advantage was accompanied
by elevated mitochondrial activity during early embryogenesis, while ROS levels remained unchanged.
Notably, sperm DNA fragmentation undetected by routine assessments, was identified as the key factor
underlying reduced fertilizing capacity. DNA fragmentation was also significantly correlated with the
plasma membrane integrity index, suggesting a close association between chromatin stability and
membrane functionality. Importantly, MIGLIS selection effectively reduced DNA fragmentation in both
groups and partially rescued developmental outcomes in the LF group, highlighting its potential to target
hidden sperm defects and improve the efficiency of cryopreserved semen in assisted reproduction.
Chapter 3 extended the investigation to porcine sperm model, with the objective of evaluating and
optimizing MIGLIS-based selection for frozen-thawed porcine semen. Given the higher susceptibility of
porcine spermatozoa to cryo-induced stress and their shorter post-thaw functional lifespan compared to
bovine sperm, protocol refinement was essential to ensure effective selection while minimizing additional
damage. To address this, caffeine supplementation was introduced to support sperm function during
separation, and incubation time within the MIGLIS system was systematically optimized. The
combination of 2.5 mM caffeine and a 10 min incubation period provided the best balance between sperm
recovery and functional quality. Under these optimized conditions, MIGLIS-selected spermatozoa
achieved significantly improved embryo development rates, indicating that moderate caffeine
supplementation enhances sperm resilience during MIGLIS-based selection and improves subsequent
developmental competence.

Overall conclusion: Findings from both bovine and porcine models suggest that MIGLIS has the
potential to serve as an effective platform for post-thaw sperm selection. With species-specific
optimization, it can enhance functional sperm quality and support embryonic development, particularly
in sperm populations exhibiting lower overall fertilization efficiency.

Limitations and future perspectives: Despite promising results, this study relied mainly on in vitro
assessments, and sperm recovery rates were relatively low. Future research should focus on validating

outcomes through in vivo fertility trials.
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