


Sperm-Borne Oocyte Activation Factors:  The role of 
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•Conventional IVF: about 5–10% of cycles 

experience total fertilization failure (TFF). 

•ICSI (intracytoplasmic sperm injection): about 

1–3% TFF. 



Two studies in patients with unexplained infertility compared IVF with ICSI using sibling oocytes.

The fertilization rates after ICSI, were higher than IVF group:

65.3% versus 48.1% (P<.001) and 61.0% versus 51.6% (P<.001).

The fertilization failure occurred more commonly in the IVF groups than in the ICSI groups (P<0.05).

However, these studies used sibling oocytes, and the embryos transferred were a mixture from the IVF and ICSI 
groups, so no information about the effect of IVF or ICSI on clinical outcomes such as implantation, pregnancy, 
or livebirth rates could be ascertained. 
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Failed fertilization after ICSI is commonly reported for globozoospermic couples 
and can be overcome by artificial oocyte activation (AOA).

Chemical, mechanical and electrical activators

➢Ca+2 ionophore A23187 (calcimycin);

➢ Ionomycin

➢Strontium chloride

AND electrical 



Application of ICSI-AOA in clinics
➢ Repeated TFF or LFF after IVF-ICSI

➢ Severe teratozoospermia (abnormal morphology >98%)

Globozoospermia

➢ Testicular sperm extraction (TESE) 

SOAFs



High fertilization (56.06%) and pregnancy (41.7%) rates 
accomplished in this study following ICSI-AOA indicated that 
expression profiles of PLCf and  PAWP were low in globozoospermic 
individuals, and ICSI combined with artificial oocyte activation could 
mimic physiological calcium changes which occur during fertilization.



% of 2PN % of arrested 2PN % Cleavage rate 

Result of MII Oocytes for 
ICSI-AOA

59.69% 3.06% 96.93%

Result of Immature oocytes 
for ICSI-AOA

52.18% 7.19% 93.8%
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There is insufficient evidence from the currently 
available RCTs to make a decision on the efficacy or 
safety of ICSI-AOA on key reproductive outcomes in 
couples with previous fertilization failure. 

Calcium ionophore treatment as a method of AOA.

This meta-analysis included a total of 1,521 ICSI cycles spread over 14 studies. 

Focusing on the primary outcomes, calcium ionophore use after ICSI treatment 
significantly increases:

➢ Overall pregnancy rate per ET, Live-birth rate per both ET and treatment cycle;

➢ Multiple pregnancy rate per ET. 

➢

Focusing on the secondary outcomes, calcium ionophore use after ICSI 
treatment significantly increases:

➢ Fertilization rate, Cleavage, Blastocyst formation, Implantation rate.







• Overall, there were 266 live births from 1,317 transfers, with an implantation rate of 14.19% and a live 
birth rate of 20.20% per cycle, alongside a 1.5% anomaly rate.

• Previous research indicates defect rates for children born via natural conception (1.64%), IVF (3.18%), 
ICSI (3.1%), and ICSI-AOA (3.3%). Our study found a defect rate of 1.5%, which is consistent with 
these reported ranges.
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Oocyte activation



SOAFs

Sperm-borne oocyte-activating factors 



SOAFs

Sperm-borne oocyte-activating factors 

❑ Oscillin

❑ TR-KIT

❑ Nitric Oxide 

❑ Citrate synthase

❑ PAWP: a sperm-specific WW domain-binding protein

❑ PLCζ: Phospholipase C zeta

❑ ACTL7A: Actin Like 7A

https://pubmed.ncbi.nlm.nih.gov/17289678/
https://pubmed.ncbi.nlm.nih.gov/26700242/


What is the SOAFs ?

✓Released by spermatozoon upon sperm-oolemma fusion

✓A signaling molecule 

✓A male germ cell/testis specific gene product

✓ Induces Ca-oscillations

✓Triggers CG exocytosis/PN development/embryo cleavage

✓Present in the acrosome-reacted sperm head
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These slides demonstrate that PLCζ, together with proteins such as PAWP, is essential for initiating oocyte activation 

and the fertilization process. A reduction in these proteins is closely associated with structural abnormalities in sperm 

chromatin. Quantitative assessment of these factors may potentially serve as an accurate diagnostic tool for 

predicting the success of infertility treatments such as ICSI, as well as identifying the underlying causes of oocyte 

activation failure.



SOAFs

Sperm-borne oocyte-activating factors 

❑ Oscillin

❑ TR-KIT

❑ Nitric Oxide 

❑ Citrate synthase

❑ PAWP: a sperm-specific WW domain-binding protein

❑ PLCζ: Phospholipase C zeta

❑ ACTL7A: Actin Like 7A

https://pubmed.ncbi.nlm.nih.gov/17289678/
https://pubmed.ncbi.nlm.nih.gov/26700242/
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Immunofluorescence localization of ACTL7A protein in 

human spermatozoa.

.
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Conclusion:

Artificial oocyte activation (AOA) after ICSI — especially when using calcium ionophore — can significantly 
improve fertilization rates, embryo development, pregnancy, and live birth outcomes, particularly in cases with 
poor or failed fertilization.

To date, most studies have shown that AOA does not increase the risk of congenital anomalies, miscarriage, or 
developmental problems, and overall it is considered a relatively safe technique.

However, because artificial activation cannot perfectly replicate the natural physiological process, and long-
term data remain limited, AOA should be applied only in well-defined cases where there is clear clinical 
evidence of oocyte activation deficiency or repeated fertilization failure, rather than being used routinely for all 
ICSI patients.
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