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Table 2.1. S r) among sperm quality parameters. 

 

 

 

 

 



 
 

 
 

 

 

 

 



 
 

 

 

 

 



 
 

 

 

a.u. Arbitrary units 

BO Brackett-Oliphant 

BSA Bovine serum albumin 

CASA Computer-assisted sperm analysis system 

COCs Cumulus-oocyte complexes 

DCF  

DCFH-DA Dichlorodihydrofluorescein Diacetate 

DFI DNA fragmentation index 

DGC Density gradient centrifugation 

DNA Deoxyribonucleic acid 

FITC-PNA Fluorescein isothiocyanate-labelled peanut agglutinin 

HF High fertility 

HOST Hypo-osmotic swelling test 

IVF In vitro fertilization 

IVM In vitro maturation 

IVP Vitro embryo production 

L/D Live/Dead 

LF Low fertility 

MS Migration-sedimentation 

PBM Porcine blastocyst medium 

PBS Phosphate Buffered Saline 

PFM Porcine fertilization medium 

PI Propidium iodide 

PVA Polyvinyl alcohol 

PZM Porcine zygote medium 

ROS Reactive oxygen species 

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling assay 
 

 



 
 

 

 

. Although 

increasing sperm numbers per dose is commonly used to compensate for these losses, this 

strategy may inadvertently elevate the proportion of damaged cells, which can negatively 

affect viable sperm through the release of harmful factors and lead to unnecessary sperm 

wastage [9]. 

 



 
 

 

In this context, the MIGLIS® device has recently been introduced as a novel, label-free 

sperm selection platform based on migration-gravity sedimentation principles. By selecting 

sperm according to their sustained migration capacity under low mechanical stress, 

MIGLIS® avoids centrifugation-associated damage and has shown promising improvements 

in sperm quality and embryo development in human studies [19]. 

However, its application in livestock species remains largely unexplored, particularly in 

bovine and porcine, which exhibit marked differences in cryo-sensitivity. Bovine sperm are 

generally more resilient to cryo-induced injury, whereas porcine sperm are more susceptible 

to oxidative stress, membrane disruption, and reduced post-thaw longevity. These 

differences are primarily attributed to species-specific variations in membrane lipid 

composition and chromatin organization 

 

 

 

 



 
 

 

 

 

 

 

  



 
 

 

 

 

 

 

 

  



 
 

 

 

 

 



 
 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 



 
 

 

 

 

 



 
 

 

 

 

 

 

  

  

 

 



 
 

 

 

 

 

 

 



 
 

 



 
 

 

 











 
 

 

 

 

 

 

  



 
 

 

 

 

 



 
 

  

 

 

 

 

 



 
 

  
  

 

  

  

 

  

 

 

 

 

  



 
 

 

 

 

 

 

 

 

 



 
 

 

  

 

 

  



 
 

 

 

 

  



 
 

 

  

 

  



 
 

 

  

 

  
 

 

 

 

 



 
 

 

 

 

 

 

 

  



 
 

 

 



 
 

 

 



 
 

 

 









 
 

 

 

Table 2.1. Sp r) among sperm quality parameters 

 DFI Total 
motility Progressive Live/Dead HOST FITC 

       
       

       
Live/Dead       

       
       

The values represent the correlation coefficient (r) between each pair of parameters. 

Asterisks indicate statistically significant correlations: *p < 0.05, **p < 0.01. Seven to eight 

replicates were performed. HOST: Hypo-osmotic swelling test; FITC: fluorescein 

isothiocyanate.  

  



 
 

 

 

 

 

 

 

  



 
 

 

 

 



 
 

  

 

 

 



 
 

 

 

  

 

 



 
 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

  

 

 

 



 
 

 

 

 

  

 

 



 
 

 

 

 



 
 

 

 

  











 
 

GENERAL DISCUSSION 
In the present study, migration-gravity sedimentation-based selection using the MIGLIS  

device consistently enriched sperm populations with superior functional parameters in both 

bovine and porcine models. In Chapter 1, we evaluated the efficiency of MIGLIS  in 

selecting frozen-thawed bovine sperm and demonstrated that, compared with centrifugation-

based approaches, MIGLIS  yielded a higher-quality sperm population. Importantly, the 

reduced oxidative burden observed in MIGLIS -selected sperm likely reflects both intrinsic 

functional discrimination during migration and decreased mechanical stress during 

processing. Therefore, the observed improvements can be attributed to a combined effect of 

selective enrichment and reduced procedure-induced damage. 

Notably, conventional semen parameters such as total and progressive motility only partially 

reflect biological heterogeneity [17, 18, 113]. Although motility remains a key functional 

attribute, it does not fully represent genomic integrity or metabolic resilience. Indeed, even 

highly motile spermatozoa may exhibit elevated levels of DNA fragmentation. In chapter 2, 

bovine sperm samples showed comparable routine quality parameters but markedly different 

reproductive performance in vitro and in vivo, and divergence in fertility was primarily 

associated with DNA fragmentation and closely linked to plasma membrane stability. These 

findings are consistent with previous recommendations to integrate DFI assessment with 

conventional semen evaluation [113]. Importantly, MIGLIS  significantly reduced the 

proportion of spermatozoa with fragmented DNA regardless of initial semen quality, 

supporting the concept that MIGLIS  based selection captures aspects of functional stability 

beyond motility alone. When applied to in vitro embryo production, MIGLIS -selected 

sperm improved developmental outcomes; however, the magnitude of improvement 

depended on baseline semen quality.  

Mechanistically, the efficiency of MIGLIS  appears to be associated with its migration-

dependent selection principle. Sustained active migration requires coordinated maintenance 

of membrane integrity, mitochondrial function, and redox balance. Spermatozoa with cryo-

induced sublethal damage may retain short-term motility yet lack the metabolic 

sustainability necessary for prolonged migration. Under the low-mechanical-stress 

conditions of MIGLIS , separation is not governed by centrifugal force or density gradients 

but by the capacity of spermatozoa to maintain functional stability throughout the migration 

phase. Within this framework, migration may function as a biological endurance filter rather 



 
 

than a purely kinematic sorter. While this model is supported by the present functional 

observations, detailed molecular characterization of mitochondrial efficiency, oxidative 

dynamics, and chromatin remodeling will be required to further substantiate the proposed 

mechanism.  

A major strength of this study is the consistency of functional enrichment across two 

physiologically distinct species. Although bovine and porcine semen required different 

preparatory adjustments, the core selection event occurred exclusively during the migration 

phase. In porcine semen (Chapter 3), preliminary centrifugation was necessary for extender 

removal and concentration standardization, along with antioxidant supplementation and 

shorter incubation to prevent excessive oxidative stress and ATP depletion. Importantly, 

these steps were uniformly applied to all porcine groups and did not constitute the selective 

mechanism. Bovine spermatozoa, exhibiting greater cryotolerance, underwent MIGLIS  

processing without additional protective adjustments. The comparable functional 

improvements observed across species suggest that the efficiency of MIGLIS  is primarily 

attributable to migration-based discrimination rather than species-specific preprocessing. 

Despite these promising findings, several limitations should be acknowledged. Fertility 

outcomes were inferred primarily from laboratory-based quality indicators and in vitro 

embryo development rather than large-scale field fertility trials. Therefore, validation under 

commercial breeding conditions is necessary to determine translational applicability.  

Overall, the present findings support the potential utility of MIGLIS  device-based sperm 

selection as a low-mechanical-stress strategy for enriching functionally competent 

spermatozoa following cryopreservation, particularly in samples exhibiting elevated 

baseline heterogeneity. 
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