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Objective: Double density gradient centrifugation (DGC) is being recognized as a method 
of choice for sperm preparation for assisted reproduction techniques. However, the sperm 
density in DGC does not correlate with apoptosis, which may be a cause of fertilization 
failure. Magnetic cell sorting (MACS) using annexin V-conjugated microbeads 
effectively separate apoptotic and non-apoptotic spermatozoa based on the 
externalization of phosphatidylserine (PS) to the outer membrane leaflet. MACS in 
combination with DGC can be used as a sperm preparation technique to enhance the 
sperm quality and function. The aim of our study was to quantitate the number of 
apoptotic spermatozoa in samples prepared by DGC alone and to evaluate the sperm 
recovery following MACS. Design: Prospective study. Materials and Methods: Semen 
samples (n=19) were collected from healthy donors and subjected to DGC. Spermatozoa 
were re-suspended in media and magnetically labeled with annexin V-conjugated 
microbeads for 15 minutes. The volume of microbeads used was 100 µL for each 1X107 
sperm cells. MACS was performed by placing sperm suspensions on top of a separation 
column containing iron balls adhered to the surface of a magnet a magnet. The apoptotic 
spermatozoa (annexin-positive) were retained in the separation column whereas non- 
spermatozoa apoptotic (annexin-negative) flowed freely. The retained apoptotic sperm 
fraction was collected by eluting the columns with annexin-binding buffer. The sperm 
recovery rate was calculated by dividing the number of total motile sperm (TMS) 
following the procedure by TMS before the procedure. Results: The sperm concentration 
and motility in raw semen samples, post-DGC and post-MACS are given in the table 
below. Following MACS, the percentage of cells collected in the annexin-negative 
fraction was significantly higher than the annexin-positive fraction (P<.0001, Figure 1). 
The sperm recovery rates following MACS + DGC were slightly higher compared to 
those following DGC alone (73.83 ± 12.08 vs. 66.67 ± 19.12). The number of TMS 
following MACS + DGC showed a significantly positive correlation with the 
concentrations of spermatozoa and volumes of microbeads used (r=0.81, p<.0001; 
r=0.76, p<.0001, respectively). Conclusion: 1) Density gradient centrifugation delivers 
fewer spermatozoa that display externalization of PS as one of the manifestations of 



apoptosis, 2) density gradient centrifugation + MACS results in high sperm yield and 
minimal cell loss. Therefore, DGC + MACS can be considered as an effective sperm 
preparation technique. Support: None 

Sperm concentration and motility in raw semen samples, post-DGC and post-MACS 
 MACS 

 
Raw semen 
sample 

Post-density gradient 
centrifugation 
(DGC) 

Annexin-
negative 

Annexin-
positive 

Sperm 
concentration 
(X 106/mL) 

123.1 ± 
88.82 142.77 ± 131.1 60.5 ± 32.17 3.26 ± 3.01 

Motility (%) 60.12 ± 
11.21 73.55 ± 10.06 72.83 ± 12.08 5.87 ± 4.3 

 
Figure. Distribution of spermatozoa (%) following MACS + DGC. 
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