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The inclusion of apoptotic and morphologically abnormal sperm during assisted reproduction was 

suggested as one of the reasons for suboptimal success rates. It has been also demonstrated that 

binding with annexin-V microbeads during magnetic cell separation (MACS) can effectively isolate non-

apoptotic spermatozoa with improved morphological profile. In this study we utilized the hamster oocyte 

intracytoplasmic sperm injection (ICSI) as a suitable model to investigate the relationship between sperm 

morphology and sperm chromatin decondensation (SCD) in apoptotic and non-apoptotic fractions. 

Semen specimens collected from 19 healthy donors were prepared by density gradient centrifugation 

(DGC) followed by MACS using annexin V-conjugated microbeads to separate the apoptotic and non-

apoptotic sperm fractions. A non-separated aliquot of DGC preparation from each sample served as 

control. Hamster oocyte-ICSI was performed to evaluate the human SCD as a sign of early fertilization. 

To perform the assay, each fraction and the DGC control were used to inject 10 hamster oocytes using 

the micromanipulator. Sperm nuclear changes were assessed 18 hours following injection using 

bisbenzamide (Hoechst 33258) fluorochrome. Sperm morphology was assessed using Tygerberg’s strict 

criteria and the sperm deformity index (SDI) score was calculated by dividing the total number of 

deformities observed by the number of sperm randomly selected and evaluated, irrespective of their 

morphological normality. 

The mean SDI scores, percentage of normal sperm morphology and SCD rates are given in the table 

below. SDI sores were significantly lower in the non-apoptotic fraction compared to the apoptotic fraction 

and to the control sperm aliquot. Normal sperm morphology using Tygerberg’s strict criteria was 

significantly higher in annexin-negative sperm compared to the annexin-positive sperm but not to the 

controls. Similarly, the mean percentage of spermatozoa showing chromatin decondensation following 

ICSI was significantly higher in annexin-negative sperm compared to the annexin-positive sperm but 

similar to the controls. In the pooled data there was a weak negative correlation between the SCD rates 

and the SDI scores (r = -0.28, p = 0.04) and the percentage of sperm with normal morphology using 

Tygerberg’s strict criteria (r = -0.11, p = 0.4). 

The study results suggest that neither sperm morphology nor sperm apoptosis have an impact on early 

ICSI fertilization rates using our animal model. MACS can be used to isolate non-apoptotic spermatozoa 

with high morphological quality, however it does not increase the incidence of SCD following ICSI. 

 



Table: The mean ± standard deviation of SDI scores, percentage normal morphology and SCD results in 
annexin-negative (non-apoptotic) and positive (apoptotic) sperm fraction and non-separated sperm 
control. 

Parameter Annexin-negative 
spermatozoa 

Annexin-positive 
spermatozoa 

Control 

SDI Score 1.3 ± 0.1b,c 2.0 ± 0.3a,c 1.4 ± 0.2a,b 

Normal sperm morphology (%) 22.8 ± 11.5b 10.6 ± 5.4a,c 18.7 ± 9.9b 

SCD (% decondensed sperm) 34.2 ± 13.7b 24.6 ± 13.0a,c 34.0 ± 13.0b 

p<0.05 was considered significant using 2-way ANOVA compared to a: annexin-negative; b: annexin-
positive and c: controls. 


