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Abstract:
Successful fertilization depends on sperm 
navigating the complex, dynamic female 

bovine sperm migration under two levels of 
structural and hydrodynamic complexity. First, we 
examined rheotactic swimming through tapered 

experiments revealed a novel behavior, rotary 
rheotaxis, where sperm follow stable, curved 

structure interaction understanding and assisted 
reproduction technologies.

Summary of Research:
Spermatozoa transverse through and interact with 
the female reproductive tract (FRT) where they are 
exposed to a complex microenvironment on their 
way to the oocyte. Rheotaxis is the reorientation 

conventional soft lithography technique. We used 
bovine sperm as a model for mammalian sperm.
During their journey in the female reproductive 
tract (FRT), sperm interact hydrodynamically 
with complex microstructures formed by the 
epithelial surfaces of the fallopian tubes. Spatial 
heterogeneity and muscle contractions cause 
spatiotemporal geometry changes. Although 
several studies simulate the FRT using simple 

sperm passage channels, none clarify how geometry 
alterations affect upstream sperm navigation. Previous work 
showed gate-like behavior of strictures in sperm migration. 
We systematically studied how barrier geometry affects sperm 

sperm passage. As shown in Fig. 1(h), accumulation at the 

under the same shear rate.
We observed that sperm interact and cooperate while passing 
through the barrier port, forming train-like groups (Fig. 

synchronization in the high-shear port enhances swimming 

into the upstream reservoir as shear decreases. To quantify 
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The SUN chip processes raw bull semen at various 

average path velocity (VAP) than raw semen (Fig. 4(b)). 
Amplitude of head oscillation (ALH) and beat cross 

rates, indicating more progressive sperm behavior under 

1) and outer (r2

The correlation function C(r), calculated across distance 
and time, captures the spatiotemporal dynamics of 
sperm cooperation (Fig. 2(b)).
We demonstrated that sperm navigate outward radial 

rates, sperm migrated toward the center; at higher rates, 
they exhibited a rotary rheotaxis, spiraling inward 
(Fig. 3(c)). This inspired the design of the SUN chip, 

strictures to enhance sperm selection (Fig. 3(e)). 
Stricture geometry, based on prior work, maximizes 
upstream navigation while maintaining high shear 
rates suitable for selecting motile sperm (Fig. 3(f)). 

Conclusions and Future Steps:

migration in complex environments, focusing on 

that pathway geometry, especially constriction angles, 

This work 
enhances understanding of microswimmer navigation 
in dynamic environments and lays groundwork for 
studying other motile microorganisms. Future efforts 
should scale processing volume and add automation for 
clinical use, particularly in IVF. The SUN chip’s larger 
features ease fabrication for mass production, though 
automation and commercialization challenges remain.
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