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ABSTRACT 

Events during gestation and changes in the intrauterine environment 

contribute to abnormal development and injury in the immature brain, 

influencing health and disease throughout life. Progesterone and its 

neuroactive steroid metabolite, allopregnanolone, are present in high 

concentrations during pregnancy. Allopregnanolone signalling at the GABAA 

receptor has important trophic and neuroprotective effects. The disruption of 

neuroactive steroid concentrations due to complications such as intrauterine 

growth restriction (IUGR) or preterm birth may therefore adversely affect 

brain development and increase perinatal brain injury. 

Inhibition of allopregnanolone synthesis was assessed in fetal guinea pigs after 

surgery to induce IUGR. Both fetal brain and plasma allopregnanolone 

concentrations were reduced by finasteride treatment. Finasteride treatment 

and IUGR were associated with reduced myelination and IUGR with 

increased astrocyte activation in the brain. 

A model of premature birth (0.87 gestation) was developed in the guinea pig to 

assess the effect of preterm postnatal changes in neuroactive steroid 

concentrations on the developing brain. Preterm guinea pigs exhibited less 

activity, higher mortality rates, reduced allopregnanolone concentrations and 

lower expression of steroid synthetic enzymes. Myelination in the 

hippocampus and cerebellum was also suppressed.  

The potential of postnatal replacement of neuroactive steroids by progesterone 

treatment was examined in preterm neonates. Following progesterone therapy, 

cortisol levels were elevated, with implications for development. Sex 

differences were noted in plasma neuroactive steroid concentrations. Brain 

allopregnanolone concentrations in preterm neonates were increased at 

postnatal days 1 and 8 by progesterone administration. Exploratory behaviours 

were altered in progesterone treated preterm animals, demonstrating changes 

in brain function associated with treatment. 
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This thesis identifies changes in the perinatal guinea pig brain associated with 

altered neuroactive steroid concentrations and establishes the efficacy of 

progesterone replacement therapy in augmenting the endogenous synthesis of 

allopregnanolone in the preterm brain. Long-term studies to establish the 

developmental outcomes of postnatal progesterone/neuroactive steroid 

replacement after preterm birth and in combination with complications such 

as IUGR, hypoxic insults and infection are needed to identify new, safe and 

effective treatment options. 
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PBS phosphate buffered saline 

PEEP positive end expiratory pressure 

PFA paraformaldehyde 

PG prostaglandin 
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PGRMC1 progesterone receptor membrane component 1 

PI3K/Akt phosphoinositide 3-kinase/protein kinase B 

PIP peak inspiratory pressure 

PKA protein kinase A 

PKG protein kinase G  

PND postnatal day 

PPROM preterm premature rupture of membranes 

PR progesterone receptor 

PRE progesterone response element 

Pre-T preterm postnatal day 1  

Pre-T8 preterm postnatal day 8  

+Prog preterm postnatal day 1 with progesterone treatment 

+Prog8 preterm postnatal day 8 with progesterone treatment 

PVDF polyvinylidene fluoride 

PVL periventricular leukomalacia 

RDS respiratory distress syndrome 

RIA radio-immunoassay 

ROP retinopathy of prematurity 

RU486 mifepristone; progesterone receptor antagonist 

1 sigma 1 receptor 

s.c. subcutaneous 

SDS sodium dodecyl sulfate 

SEM standard error of the mean 

SGA small for gestational age. 

SIDS sudden infant death syndrome 

T1 novel object recognition test, trial 1 (familiarisation) 

T2 novel object recognition test, trial 2 (recognition) 

TBPS t-butylbicyclophosphorothionate 

TBS-T tris-buffered saline with tween 

TC total counts 
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THDOC tetrahydrodeoxycorticosterone 

TNF- tumour necrosis factor- 

UCO umbilical cord occlusion 

WHO World Health Organisation 

 

< less than 

= equal to 

> greater than 

 plus or minus 

~ approximately 

C degrees celsius 

/ per 

% per cent 

v/v volume per volume  

w/v weight per volume 

 

cm centimetre 

g gram 

hr hour 

kDa kilodalton 

kg kilogram 

L litre 

cpm counts per minute 

mA milliamp 

mg milligram 

mL millilitre 

mm millimetre 

mM millimolar 

mmol millimole 
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ng nanogram 

nm nanometre 

nmol nanomole 

pH scale of hydrogen ion activity 

pmol picomole 

rpm revolutions per minute 

sec second 

V volts 

W watts 

g microgram 

L microlitre 

m micrometre 

mol micromole 

 

 

 

 

 

 


