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 Principles of oocyte activation 
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OA is a physiological process entailing  

1.   the release from MII arrest and completion of second meiotic division and 

2.   modifications of the zona pellucida to prevent polyspermy 

Swain and Pool, 2008; Kashir et al., 2010; Yeste et al., 2016  

OA is one of the 6 major steps of in vivo and in vitro fertilization 

1. Cumulus cell penetration 4.   Oocyte activation 

2. Sperm/oocyte binding and penetration 5.   Sperm processing 

3. Sperm/oocyte fusion 6.   PN formation 

Sperm proteins as potential candidates for OA 

1. Citrate synthase 

2. Truncated form of c-kit tyrosine kinase receptor 

3. Post-acrosomal WW-domain binding protein (PAWP) 

4. Phospholipase C ζ 
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Sperm-PLCζ  
Ca2+ release from ER 

PIP2  
DAG  Zona reaction 

IP3 IP3R 

Kashir et al., HRU 2010, 16 (6), 690-703 

 RyR Ca2+ release from ER 

Ryanodine 

Ca2+-release from lysosomes NAADP NAADPR 

Nicotinic acid adenine- 

dinucleotide 

phosphate 



 Sperm induced Ca2+ oscillations stimulate mitochondrial respiration 

 The resulting ATP production in turn is required to maintain sperm-triggered Ca2+ waves 
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Latency 

Amplitude 

Duration 

Frequency 

AUC = released Ca2+ 

 Ca2+ signal 

Kashir et al., 2010 

    The effectiveness of a calcium signal depends on its number, frequency, temporal modulation, and amplitude  

normal  FERTILIZATION  no 



Increase in the number of 

IP3R1 and clustering 

 

Increase in IP3R1 sensitivity 

 

Increase in the amount of 

calcium ions stored 

 

Reorganization of ER, CGs, 

mitochondria and 

cytoskeleton 

 

Protein synthesis 

Ajduk et al., Reprod Biol 2008   

GV 
Immature oocyte  

MII 
Mature oocyte  

Courtesy of B. Heindryckx 

Calcium signalling is affected by in vitro maturation, cryopreservation, and oocyte ageing 

 Competency of Ca2+ release 
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Larman et al., 2004 
Ozil et al., 2006 

Larman et al., J Cell Sci 2004, 117, 2513-2521 

 Ca2+ and mitosis 

Location of PLCζ 

Courtesy of B. Heindryckx 

 Oscillations cease with formation of both pronuclei 

 Immediately prior to each mitotic division a single Ca2+ peak occurs 

 A close correlation between cell division and Ca2+ availability has been reported 

 Sinusoidal Ca2+ fluctuations observed shortly before every mitotic division 

     disappeared progressively in arrested human embryos 

 Mitosis can be stopped using chelators 
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 Artificial oocyte activation (AOA) 
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Less effective 

Limited to some species 

Meiotic spindle disruption 

I. Modified ICSI-technique 

II. Electrical activation 

III. Chemical  activation 

 Strontium chloride (Kishikawa et al., 1999) 

 Puromycin (Murase et al., 2004)  

 6-DMAP (Heindryckx et al., 2009) 

 Phorbol esters (Cuthbertson and Cobbold, 1995) 

 Thimerosal (Fissore et al., 1995) 

 Calcium ionophore (Rybouchkin et al., 1997) 

 ionomycin 

 calcimycin (A23187) 

  



 Indications 
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Low fertilization rate (<30%) in previous ICSI cycle(s) 

Complete fertilization failure in previous ICSI cycle(s) 

Severe male factor (crypto- and azoospermia) 

Severe male factor (Kartagener syndrome) 

Developmental arrest, delay, and problems 



 Theoretical mechanism of action? 
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 The downstream protein CaMKII oscillates in temporal 

synchrony with the repititive Ca2+-peaks 

This indicates that artificial Ca2+ recruitment can result in a proper 

downstream response 

Markoulaki et al., 2003 



 Theoretical mechanism of action? 
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 CaMKII activity rises and falls with the initial Ca2+ transient in a 

directly proportional manner (Markoulaki et al., 2003)  

This reflects the situation commonly found in artificial oocyte activation 

(which is the presence of a single Ca2+ peak) 

 Once activated autophosporylation of CaMKII keeps the enzyme 

active even without the presence of calcium (Johnson et al., 1998) 

This scenario would explain how a single calcium stimulus can be 

transmitted without a physiological repetitive pattern 

 In human, a reduction in frequency can be compensated by both a 

higher amplitude as well as a longer total duration  of the Ca2+ signal 
(Nikiforaki et al., 2014) 

Oocyte activation is tolerant to pertubations of the Ca2+ oscillation pattern 

as long as the total calzium amount is uncompromised (and passes a 

critical threshold) 



 Safety issues 
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 If it is not obvious that artificial oocyte activation is needed a sibling oocyte approach should be applied 

 Assisted oocyte activation is not beneficial for all patients (Montag et al., 2012; Vanden Meerschaut et al.,2012)  

 Artificial oocyte activation still needs to be considered as experimental  (but seems to be safe) 



i. Is the miscarriage rate higher than 

would normally be  expected? 

 

ii. If available for genetic analysis are 

the products of conception euploid 

or not? 

 

iii. Do miscarriage rates occur at the 

same stage of gestation common 

after unassisted ICSI? 

 

iv. Is the incidence of minor and major 

congenital malformations within 

acceptable limits? 

Oldie but Goldie or opening Pandora´s Box 

- 5 years of ready-to-use ionophore treatment in Linz, Austria (2011-2015) - 

Ionophore applied 

8.9% 

(305/3416) 

positive hCG 
18 no ET 

8 OHSS 

40.1% 

(112/279) 

Live birth rate 

32.3% 

(90/279) 

Children 

98 

+28 vit 

19.6% 

(22/112) No 
6x biochemical 

16x missed abortions 

YES 

15 HA- 

7 HA+ YES 

12x week 5 

3x week 7 

2x week 8 

4x week 10 

1x week 18 

0.8% 

1/126 YES Hypoplastic left heart syndrome (major, vitrified) 
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„There is no evidence that AOA causes a widespread increase in chromosome segregation errors in meiosis II“ 

100µM 

59.3% euploid 



SrCl2 

132 genes in total 
(197 in ICSI vs IVF) 
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Annotation variable 

TLI-assessed morphokinetics after artificial oocyte 
activation 

Mean Control Mean Ca2+

Courtesy of M. Montag 

ESHRE, London, 2013 
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 Language skills 

 Motor skills 

 Cognition 

   were found to be  

 within    

 expected ranges 
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What to do if there is no success with ionophore treatment? 
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increase exposure time 

switch to 2-fold exposure 

switch to combination of 2 ionophores (e.g., calci- and ionomycin) 

more invasive approach (e.g., direct injection of CaCl2 & x2 ionomycin) 

use recombinant PLCζ 

 Future aspects 



 Summary 
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Taken together, it seems that human oocytes can respond to a wide 

range of intracellular Ca2+ signalling parameters  and have a 

surprisingly high rate of tolerance for prolonged changes in 

cytosolic Ca2+ 

So far neonatal outcome is promising 

AOA is in the transition process from experimental to clinical 

(provided that it is applied with a proper indication)  



Thank you very much for your kind attention 
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