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Elimination of Apoptotic Sperm as a Measure for Enhancing Morphological Quality 
as Assessed by the Sperm Deformity (SDI)  
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Objective: An ideal sperm preparation method should have the potential to select 
morphologically normal and functionally intact spermatozoa from the ejaculate. 
Spermatozoa have been reported to display signs of apoptosis-related damage such as the 
externalization of phosphatidylserine (PS). Magnetic cell sorting (MACS) using 
paramagnetic annexin V-conjugated microbeads eliminates spermatozoa with 
externalized PS. The objective of our study was to develop a sperm preparation protocol 
that employs the elimination of apoptotic spermatozoa as a measure to enhance the 
isolation of morphologically and functionally normal spermatozoa. Design: Prospective 
study. Materials and Methods: Semen specimens collected from 15 healthy donors were 
separated into 4 aliquots. The aliquots were prepared by: 1) simple one-step sperm wash; 
2) simple one-step sperm wash followed by MACS; 3) density gradient centrifugation 
(DGC); and 4) DGC followed by MACS. Sperm morphology was assessed in the 4 
aliquots using a multiple entry scoring technique in which an abnormal sperm was 
classified more than once if multiple deformities were observed. The sperm deformity 
index (SDI) was calculated by dividing the total number of deformities observed by the 
number of sperm randomly selected and evaluated, irrespective of their morphological 
normality. Results are expressed as mean ± standard deviation. Pair-wise comparisons 
were made using Student’s t-test. Results: Results of the mean SDI score in the raw 
semen samples and the aliquots resulting from the 4 preparation protocols are illustrated 
in the table below. SDI scores were comparable between samples prepared by one-step 
sperm wash and the raw semen samples; however they were significantly reduced 
following DGC compared to the raw semen samples (p<0.0001). Annexin-negative 
fraction prepared by MACS following one-step wash had significantly lower SDI scores 
compared to spermatozoa prepared by one-step wash only (p=0.01) and the raw semen 
samples (p=0.01). Similarly, significantly lower SDI scores were detected in the annexin-
negative fraction prepared by MACS following DGC compared to spermatozoa prepared 
by DGC only (p=0.007), the raw semen samples (p<0.0001), and the annexin-negative 
fraction prepared by MACS following one-step wash (p=0.002). 



Table. Mean SDI scores in annexin-negative and annexin-positive fractions prepared by 
MACS following DGC and one-step sperm wash. 
Aliquot 
Number Sperm fraction Sperm preparation technique Mean SDI scores ± 

SD 
1 Raw sample None 1.66 ± 0.11 

2 Sperm 
suspension One-step sperm wash 1.66 ± 0.18 

3 Annexin-
negative 

One-step sperm wash followed by 
MACS 1.56 ± 0.13a,b 

4 Sperm 
suspension DGC 1.42 ± 0.11a 

5 Annexin-
negative DGC followed by MACS 1.36 ± 0.07a,c,d 

P<0.05 using paired Student's t-test compared to: aaliquot 1; baliquot 2; caliquot 3; and 
daliquot 4. 
 
Conclusion: Density gradient centrifugation is more effective in selecting 
morphologically normal spermatozoa compared to the one-step simple sperm wash. The 
elimination of apoptotic sperm by MACS further isolates spermatozoa subpopulation 
with a higher morphological quality as assessed by the SDI scores. The combination of 
density gradient centrifugation and MACS is the most suitable protocol for preparation of 
spermatozoa with normal morphology. Support: None  
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