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Abstract—We measured swimming characteristics of bull 

sperm within 1000 nm film from a glass surface using total 

internal reflection fluorescence (TIRF) microscopy. Results 

indicate that in approximately 70% of the cases sperm follow 

counter-clockwise trajectories and the sperm head rotation is 

no longer observed. 
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I.  INTRODUCTION 

Sperm motion close to the boundaries is of particular 
importance, revealing new insight into both the sperm 
penetration mechanism in vivo and reproduction technologies 
in vitro. Majority of microswimmers, including sperm, 
propagate a helical rotating wave with elliptical cross-section 
along the tail to swim in bulk liquid while the resulting forces 
cause the sperm body to rotate in opposite direction [1]. 
Physical interaction of sperm with the surface results in surface 
accumulation behaviour of sperm [1,2].  

The effect of geometrical or hydrodynamic constraints and 
out-of plane components of the flagella wave on surface 
accumulation behaviour have been studied extensively [3,4]. 
Current studies, however, a lack measurements/analysis of 
temporal and spatial characteristics of sperm motion in close 
contact with the surfaces in comparison with counterpart cases 
away from the wall. Specifically, sub-micron, near-surface 
resolution is required. Here, we studied swimming behaviour 
of sperm within 1000 nm from the surface using TIRF 
microscopy. 

II. MATERIALS AND METHODS 

Frozen bull semen (ABS Global Canada Inc., Canada) was 
used to conduct experiments. The bull specimens were thawed 
in a water bath at 37ᵒ C and live sperm were stained with green 
fluorescence using SYBR-14. Fluorescently labeled bull sperm 
are imaged near the contact region of the glass bottom surface 
of a WillCo-dish using TIRF microscopy, as shown in Fig. 1a.  

TIRF microscopy is based on total internal reflection. When 
a beam of light is passes from an interface of a higher refractive 
index medium, n1, into a lower refractive medium, n2, the 

portion of light that passes through or reflected back is related 
to the refractive indexes of these media. Based on Snell’s law, 
the light will be totally reflected in the media with higher 
refractive index, if the incident angle of light is higher than the 
critical angle,    , defined by: 

       
  (

  

  
) 

This total internal reflection results in an electromagnetic wave, 
named an evanescent wave, that propagates horizontally along 

 
Figure 1. Hydrodynamics of bull sperm close to a glass surface of a 

WillCo dish resolved using TIRF microscopy. (a) Schematic view of 
TIRF microscopy setup. (b) Near-wall imaging of sperm showing 

sperm head is aligned with the surface in a way that the head larger 

area is parallel to the surface. 
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the interface. The intensity of the evanescent wave decreases 
exponentially with distance from the surface, resulting in an 
exponentially decaying excitation field, called evanescent field 
[5]. In TIRF microscopy, evanescent field is used to selectively 
illuminate fluorophores within restricted distance (in the order 
of few hundred nanometers) from the surface with the image 
intensity depends on the distance from the reference plane, 
enabling three dimensional tracking.  

III. RESULTS AND CONCLUSION 

Results indicate that sperm body rotation is no longer 
observed when the sperm come in close contact with the 
surface. In this case, head’s larger area (i.e. elliptical side) is 
aligned parallel with the surface (Fig. 1b). This observation 
suggests that within nanometer-scale distance from the surface 
the sperm swimming mode is transferred from 3D mode into 
more confined 2D mode. In addition, sperm spend 
approximately 580 ms close to the surface when they appear in 
the field and in approximately 70% of cases they follow 
counter-clockwise trajectories. Moreover, results indicate a 
high degree of temporal and spatial variation in sperm 
swimming velocity close to the surfaces. 

ACKNOWLEDGMENT 

The authors gratefully acknowledge funding from the 
Collaborative Health Research Project Grant funded by the 
Natural Sciences and Engineering Research Council of Canada 
(NSERC) and Canadian Institutes of Health Research (CIHR). 

 

REFERENCES 

[1] G. Li, L. K. Tam, and J. X. Tang, “Amplified effect of Brownian motion 
in bacterial near-surface swimming,” PNAS, 105, 47, 2008. 

[2] L. Rothschild, “Non-random Distribution of Bull Spermatozoa in a Drop 
of Sperm Suspension,” Nature, Vol. 198, pp. 1221-1222, 1963. 

[3] E. Lauga, and T. R. Powers, “The hydrodynamics of swimming 
microorganisms,” Reports on Progress in Physics, Vol. 72, 096601, 
2009. 

[4] P. Denissenko, V. Kantsler, D. J. Smith, and J. Kirkman-Brown, 
“Human spermatozoa migration in microchannels reveals boundary-
following navigation,” PNAS, Vol. 109, pp. 8007-8010, 2012.  

[5] J. Oreopoulos, and C. M. Yip, “Combined scanning probe and total 
internal reflection fluorescence microscopy,” Methods, Vol. 46, pp. 2-
10, 2008. 

 

View publication statsView publication stats

https://www.researchgate.net/publication/323127183



