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Abstract 
 
 
Oocyte in vitro maturation (IVM) is a technique that would alter the management of human 

infertility if success rates were notably higher. Oocyte maturation in vivo is a highly 

orchestrated, induced process, whereby 3'-5'-cyclic adenosine monophosphate (cAMP)-

mediated meiotic arrest is overridden by the gonadotrophin surge. However, using standard 

IVM, oocytes resume maturation spontaneously hence compromising developmental 

competence. The aim of this thesis was to establish an improved system for mammalian 

oocyte IVM by studying the inclusion of various forms of cAMP modulators during IVM and 

examine oocyte quality and developmental capacity.  

Firstly, this thesis includes a series of experiments designed to examine the effect of specific 

inhibition of phosphodiesterase type 8 (PDE8) during IVM of bovine oocytes on cAMP 

levels, meiotic and developmental capacity. The inhibition of PDE8 degradation resulted in a 

dose-dependent increase in cAMP levels and delayed oocyte meiotic resumption. However, 

the inhibition of PDE8 degradation failed to enhance oocyte developmental competence.  

This thesis includes an extensive series of studies designed to establish a novel induced-IVM 

system. Firstly, a pre-IVM phase was developed where immature bovine or mouse oocytes 

were briefly treated with the adenylate cyclase activator, forskolin and a non-specific PDE 

inhibitor, IBMX, which substantially increased intra-oocyte cAMP to in vivo physiological 

levels. Secondly, to maintain oocyte cAMP levels and prevent precocious oocyte maturation, 

oocytes were then matured with an oocyte-specific PDE 3 inhibitor, cilostamide and 

simultaneously induced to mature by FSH. The net effect of this system was an increase in 

oocyte-somatic cell gap-junctional communication and a delay in meiotic progression through 

prophase I to metaphase II, extending the standard IVM interval. Moreover FSH-induced 

maturation was prevented by an epidermal growth factor receptor inhibitor, AG1478, 

demonstrating that induced oocyte maturation functions via secondary autocrine signalling 

within the cumulus cell compartment. 
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Results from the present thesis also demonstrated that induced-IVM leads to a substantial 

improvement in oocyte quality, which in turn had long-term developmental consequences 

improving embryo/fetal yield and pregnancy outcomes. The work presented in this thesis 

validates this technology using two mammalian models.  In the bovine, induced-IVM more 

than doubled embryo yield (27% to 69%), relative to standard-IVM.  Similarly in the mouse, 

induced-IVM substantially increased fertilization rate (55% vs. 82%), embryo yield (55% vs. 

86%), embryo quality, implantation rate (28% vs. 53%), fetal yield (8% vs. 26%) and fetal 

weights (0.5g vs. 0.9g).  All these embryo and fetal readouts using induced-IVM in mice were 

equivalent to those using in vivo matured oocytes (conventional IVF).   

In conclusion, induced-IVM mimics some of the characteristics of oocyte maturation in vivo 

and substantially improves oocyte developmental outcomes in two disparate mammalian 

species. The outcomes of the research presented in this thesis have provided a new 

perspective to our understanding of the mechanisms regulating oocyte maturation and the 

acquisition of developmental competence. The novel IVM system will provide new options 

for a wide range of reproductive biotechnologies including livestock breeding and 

conservation applications. Application of induced-IVM to human infertility will bring 

substantial cost and health benefits by simplifying ART protocols. 
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