
Oobjective: To associate the delayed formation of two-pronuclei (2PN) after ICSI with the integrity of the oocytes capability to cope and eventually 
overcome varying levels of genomic error. 
DESIGN: In a retrospective study, we investigated the impact of the degree of sperm DNA fragmentation in relation to oocyte aging. We gauged the 
efficiency of oocyte repair mechanisms in occasion of delayed pronuclear appearance and consequent syngamy was assessed.  
Materials and Methods: We identified couples undergoing ICSI treatment (n=152) that had sperm chromatin assessment by TUNEL on their 
ejaculates. TUNEL was performed by adjusting sperm concentration to 5 million, fixation with 4% PFA, exposure to mild permeabilizing solution, and 
incubated at 37°C with TUNEL reaction mixture. At least 500 spermatozoa were scored under fluorescent microscopy. Patients were categorized by 
DFI level and grouped according to maternal age. Each subdivision of DFI was evaluated in relation to clinical pregnancy outcome (presence of a fetal 
heartbeat). Standard fertilization is performed 16-18 hours after ICSI and delayed fertilization was conducted over 18 hours. To determine the 
significance of a delayed normal fertilization, arguably linked to an extensive processing and repair of the male genome following sperm nuclear 
unraveling, we assessed cohorts of oocytes that had at least one oocyte with a delayed appearance of the pronuclei in relation to a matched control. 
Results: In a previous study, we established in 315 ICSI cycles which included 152 women with a mean age of 37.3±4yrs. In a cohort of women <35yo 
of age, their young oocytes were able to prevent a deleterious effect in spite of the increasing sperm DFI on the pregnancy rate. On the other hand, in 
women ≥35yo the pregnancy rate dropped to 5.6% when the DFI was just barely at the threshold of 20% (P<0.01), reflecting a compromised oocyte 
repair ability towards the male DNA. In 153 couples treated in 362 ICSI cycles, a delayed bipronuclear fertilization appeared in 2.4% (362/14,859) that 
included men (40.9±3yrs) with concentration of 49.3million, motility of 46.7%, and morphology of 2.8%. Also in this cohort when we looked at the <35yo 
women, a delayed fertilization did not affect pregnancy rate and characteristics. In the group of women ≥35yrs the fertilization fertilization, clinical 
pregnancy, and embryo implantation (P<0.01) were all compromised when compared to an age-matched control (n=14,859). 
Conclusion: This study confirms the ability of ICSI to overcome spermatozoa with a compromised paternal genome. This phenomenon appear linked 
to the ability of the oocyte to process and repair male DNA very efficiently for women of a younger age and clearly impaired in a population of ≥35 
years old. The occurrence of this repair mechanism may be visualized by a delayed appearance of the biparental pronuclei that when present in older 
oocytes is linked to a compromised clinical outcome.  
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Over recent years, predictive embryo morphokinetic assessment techniques (1) 
and essential biomarker screening assays (2) have been employed by IVF 
laboratories to improve ART outcome. Maternal age is widely known as one of the 
most influential factors contributing to a couple’s fertility. The oocyte is capable of 
coping with fragmented DNA, to a certain degree, contributed by the male gamete. 
In a previous study, we have established that elevated sperm DNA fragmentation 
compounded by advanced maternal age can lead to compromised ART outcome 
when compared to younger oocytes(3). Normal fertilization will occur 16-18 hours 
following syngamy of a viable spermatozoon and a capable oocyte by 
intracytoplasmic sperm injection (ICSI). By simply observing the late onset of proper 
fertilization by the formation of two-pronuclei (2PN), we can begin to predict ART 
outcome based on a combination of male and female factors. 

In this study, we attempted to associate the delayed formation of 2PN after ICSI 
with the integrity of the oocytes capability to cope and eventually overcome varying 
levels of genomic error.  

This study confirms the ability of ICSI to overcome spermatozoa with a compromised 
paternal genome. This phenomenon appears linked to the ability of the oocyte to 
process and repair male DNA very efficiently for women of a younger age and clearly 
impaired in a population of ≥35 years old. The occurrence of this repair mechanism 
may be visualized by a delayed appearance of the biparental pronuclei that when 
present in older oocytes is linked to a compromised clinical outcome.  

In the group of women ≥ 35 years old, the fertilization, clinical pregnancy, 
and embryo implantation (P < 0.01) were all compromised when compared 
to an age-matched control (n = 22,816) (Table 1).  

Figure 2. Assessment of normal fertilization (16-18 hours) versus assessment of delayed formation(> 18 hours) 
of two-pronuclei. 

Figure 1. Terminal deocynucleotidyl transferase 
dUTP nick end labeling (TUNEL) analysis at 
400X. 

Materials & Methods 
We identified couples undergoing 

ICSI treatment (n=152) that had sperm 
chromatin assessment by terminal 
deoxynucleotidyl transferase dUTP nick 
end label ing (TUNEL) on the i r 
ejaculates. TUNEL was performed by 
adjusting sperm concentration to 5 
million, fixation with 4% PFA, exposure 
to mild permeabilizing solution, and 
incubated at 37°C with TUNEL reaction 
mixture. At least 500 spermatozoa were 
scored under fluorescent microscopy 
and scored based on the proportion of 
TUNEL positive cells (Figure 1).  

In a previous study, we established in 315 ICSI cycles which included 152 women with a 
mean age of 37.3 ± 4yrs. In a cohort of women < 35 years old, their young oocytes were able 
to prevent a deleterious effect in spite of the increasing sperm DFI on the pregnancy rate. On 
the other hand, in women ≥ 35 years old the pregnancy rate dropped to 5.8% when the DFI 
was just barely at the threshold of 20% (P<0.01) (Figure 3), reflecting a compromised oocyte 
repair ability towards the male DNA.  
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Table 1. Comparing normal and late fertilization and ICSI outcomes in older 
females. 

No. of (%) ≥ 35 yrs 
Control 

≥ 35 yrs 
Late fertilization 

Patients 12,014 239 
Cycles 22,816 701 
Fertlization (2PN/MII) 131,894/177,515 (74.3)* 161 (22.9)* 
Clinical pregnancy (+FHB) 7,199 (31.5)† 213/1,806 (11.7)† 
Implantation 9,890/61,069 (15.4)‡  133 (18.9)‡ 
Delivery and ongoing 6,131 (26.9)∫  29 (18.0)∫ 
Pregnancy losses 1,074 (17.5) 80 (11.4) 
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Patients were categorized by DNA fragmentation (DFI) level and grouped according to 
maternal age. Each subdivision of DFI was evaluated in relation to clinical pregnancy 
outcome (presence of a fetal heartbeat) while grouped according to maternal age. Standard 
fertilization is performed 16-18 hours after ICSI and delayed fertilization was conducted over 
18 hours (Figure 2). To determine the significance of a delayed normal fertilization, arguably 
linked to an extensive processing and repair of the male genome following sperm nuclear 
unraveling, we assessed cohorts of oocytes that had at least one oocyte with a delayed 
appearance of the pronuclei in relation to a matched control.  
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Figure 3. Effect of maternal age on the oocyte's ability to cope 
with and eventually overcome elevated levels of sperm 
DNA fragmentation 

In 330 couples treated in 891 ICSI 
cycles, a delayed bipronuclear fertilization 
appeared in 2.7% (891/33,203) cycles, 
that included men (40.6 ± 9yrs) with 
concentration of 41.7 ± 33.6 x 106/mL, 
motility of 42.9 ± 20.7%, and normal 
morphology of 2.6 ± 2%. Also in this cohort 
when we looked at the < 35 year old 
women, a delayed fertilization did not 
affect pregnancy rate but a significant drop 
in fertilization was observed (P < 0.0001). 

When we assessed the ability of 
younger women to achieve with a clinical 
pregnancy we observed that they have the 
ability to do so even having a DFI of 40%. 
However, when older women were 
assessed, they had a significant drop at 
20% DFI (Figure 3). 

Figure 3. Comparison of < 35 and ≥ 35 year old women according to DFI levels. 


