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School of Health and Biomedical Sciences 

Thinking outside the brain: targeting the spinal cord to promote 
recovery after ischemic stroke 

Neurodevelopment and Disease Research Program 
Bundoora West 

 

PhD Project 

Project Description  
Ischaemic stroke, caused by a blockage in a blood vessel that supplies blood to the brain, accounts for 
more than 80% of strokes in Australia. Unfortunately, 65% of those who survive an ischemic stroke suffer a 
significant motor disability. This results, in part, from a disruption of the connections between the brain and 
spinal cord that form motor pathways. The recovery of motor function depends on whether connections 
between the brain and spinal cord remain or reform [1,2]. 
In an animal model of ischemic stroke we have shown that spinal cord neurons in motor pathways change 
their structure and activity after a stroke. In as little as 7 days after a stroke, spinal cord neurons have fewer 
connections, are less active, and have dramatically altered excitatory signaling properties - meaning poorer 
control of movement. Altered neuronal signaling is prevalent even 28 days after the stroke, suggesting that 
changes in these critical brain-spinal cord pathways begins very soon after stroke and persist long-term. 
What we don’t yet understand are the specific mechanisms that underlie the altered neuronal signaling in 
brain-spinal cord pathways after a stroke, or whether we can improve recovery by changing this signaling. 

In this project gene expression will be analysed to characterise changes in ion channels that underlie 
altered neuronal signaling in brain and spinal cord motor pathways after stroke. Changes in neural 
signalling and ion channel function will be measured directly using electrophysiology techniques, and 
correlated with changes in motor function. An aerobic treadmill exercise intervention will be used to 
enhance brain-spinal cord pathways after stroke [3] and the mechanisms of this intervention on recovery of 
function will be explored.  

By the end of their candidature the student will be well-versed in small animal handling, behavior, surgical 
techniques, electrophysiology, sample and tissue preparation and collection, histology, rt-PCR and other 
laboratory techniques as needed, data collection, analysis, interpretation and write up.  

References: 
[1].  Sist et al. Exp Neurol (2014) 252:47-56 
[2].  LaPash Daniels et al. Neurosci Lett (2009) 450(2):191-195 
[3].  Egan et al. Neurorehabil Neural Repair (2014) 28(8):800-812 
[4].  Labat-gest & Tomasi JoVE (2013) 9(76) 
 

Contact Details: 
To discuss this project further please contact:  
Principal supervisor: Michelle Rank. Michelle.Rank@rmit.edu.au  
Associate supervisor: David Walker david.walker@rmit.edu.au  
Associate supervisor: Mary Tolcos mary.tolcos@rmit.edu.au   
  

mailto:Michelle.Rank@rmit.edu.au
mailto:david.walker@rmit.edu.au
mailto:mary.tolcos@rmit.edu.au


Defining the role of microglia in hypothalamic satiety signaling  
Michelle Rank: Neurodevelopment and Disease Research Program 

Campus: Bundoora West 
 

PhD Project 

Project Description 
Microglia, one of the brain’s major resident immune cell populations activate and proliferate when an 
individual consumes a high fat diet, but whether this response is primarily a driver of or compensator 
against excess weight gain is currently unknown [1, 2, 3].  
We have used a unique transgenic rat model allowing specific microglial ablation to show in lean animals 
that, when microglia are absent, feeding and weight gain are markedly suppressed. Unexpectedly, this 
reduced feeding drive is not due to changes in satiety signaling at the level of the arcuate nucleus, a 
principal satiety-signaling brain region. Rather, the local arcuate nucleus circuitry is altered by microglial 
ablation to strongly increase the drive to eat. The signals that strongly over-ride this drive to eat are 
unknown.  

In this project we will examine, at a local circuit level using electrophysiology, how satiety signaling is 
modified in response to changes in microglia (i.e. their absence, repopulation, and activation) and 
determine what drivers are acting in these circuits to strongly over-ride the drive to eat initiated by ghrelin 
and (suppressed) leptin signaling. Properties of excitatory and inhibitory signaling will be characterised in 
populations of neurons within the arcuate nucleus circuitry.   

This research will identify how hypothalamic satiety signaling, at the individual neuron and neural circuit 
level, is modified by changes in the activity of the brain’s immune cells, identifying potential targets for the 
control of feeding and weight gain in the clinic. 

By the end of their candidature the student will be well-versed in small animal handling, behavior, surgical, 
sample and tissue preparation and collection techniques, electrophysiology, immunohistochemistry, rt-PCR 
and other laboratory techniques as needed, data collection, analysis, interpretation and write up.  

Animal ethics required.  

All specialist training will be provided.  

References: 
[1]. I Ziko et al. Brain Behav Immun. (2014) 41:32-43 
[2]. JP Thaler et al. J Clin Invest. (2012) 122:153-162  
[3]. MF Gregor and GS Hotamisligil. Annu Rev Immunol. (2011) 29:415-445 
 
Contact Details: 
To discuss this project further please contact:  
Principal supervisor: Michelle Rank. Michelle.Rank@rmit.edu.au  
Associate supervisor: Sarah J. Spencer. Sarah.Spencer@rmit.edu.au  
  

mailto:Michelle.Rank@rmit.edu.au
mailto:Sarah.Spencer@rmit.edu.au


Can Creatine Minimize the Impact of Sleep Apnoea on the Brain?  
Neurodevelopment and Disease Research Program Campus 

Bundoora West 
 

PhD Project 

Project Description 
Many adults suffer from apnoea during sleep; they repeatedly stop breathing for periods of 10-100 seconds. 
The immediate result of this is that the supply of oxygen to the brain is decreased, and levels of carbon 
dioxide in the brain and in blood increase, sometimes to dangerous levels that alter cellular metabolism. 
Another immediate consequence of this is that sleep is disrupted, and the person often wakes from a 
night’s sleep feeling unrefreshed and in a low mood. 
A longer-term consequence of sleep apnoea is that it slowly causes damage to the brain, and may enhance 
other processes that result in cognitive decline and age-related dementia. 

Creatine is an intracellular metabolite that is involved in the regeneration of ATP, and an essential 
intermediate in energy cycling in all cells. Intracellular creatine in the brain can be increased by adding 
creatine to the diet, and increased dietary intake has the effect of supporting cellular energy turnover even 
in situations when oxygen levels are depleted. Ingestion of high levels of creatine is known to be safe; 
indeed, many athletes do this to increase their physical performance. 

In this project we will test the hypothesis that increased creatine intake in people subject to sleep apnoea 
will have the effect of minimizing the metabolic effects of the cessation of breathing, decrease the number 
and length of apneic episodes, and improve sleep quality.  

This project will require us to recruit volunteers with untreated sleep apnoea who are willing to have their 
sleep monitored for one night, and for them to ingest a test compound of creatine or placebo, for up to 1 
week before another session of sleep monitoring. We will measure mood, subjective sleepiness and 
cognition at the start of the experiment and again at the end. Physiological measures will include EEG, 
heart rate, blood pressure and arterial blood oxygenation.  

References: 
[1]. Turner CE et al. (2015)  Creatine Supplementation Enhances Corticomotor Excitability and Cognitive 
Performance during Oxygen Deprivation. Journal of Neuroscience, 35(4): 1773–80 
[2]. Kreider RB et al. (2017)  International Society of Sports Nutrition: safety and efficacy of creatine 
supplementation in exercise, sport, and medicine. Journal of the International Society of Sports Nutrition 
14:1-18. DOI 10.1186/s12970-017-0173-z 
[3].  Gualano B et al  (2012)  In sickness and in health: the widespread application of creatine 
supplementation. Amino Acids  43:519–529.  
 
Contact Details: 
To discuss this project further please contact:  
Principal supervisor:  Professor Stephen Robinson stephen.robinson@rmit.edu.au   
Associate supervisor: Professor David Walker david.walker@rmit.edu.au   
  

mailto:stephen.robinson@rmit.edu.au
mailto:david.walker@rmit.edu.au


Omega-6/omega-3 ratio and the maternal brain  
Neuroendocrinology of the Obese Brain Research Group within the Neurodevelopment and 

Disease Research Program 
Campus: Bundoora West 

 
PhD Project 

Project Description  
During pregnancy, the pregnant mother undergoes significant physiological changes. These include a 
significant increase in body weight and fat mass, necessary to sustain a developing foetus. However, these 
changes are also likely to lead to changes in the maternal metabolic and brain functions that will last 
beyond pregnancy and lactation1. Importantly, western diets are known for their deficiency in omega-3 fatty 
acids, and excessive amounts of omega-6 fatty acids. Excessive amounts of omega-6 polyunsaturated fatty 
acids (PUFA) and a very high omega-6/omega-3 ratio promote the pathogenesis of many diseases 2,3 , 
including antenatal anxiety4 and an increase in depressive symptoms during pregnancy5. 
 
We hypothesise that pregnancy permanently changes the maternal brain feeding circuitry, allowing 
adaption to the high-energy demand conditions, while exposure to unbalanced diet high in omega-6 fatty 
acids and high omega-6/omega-3 ratio during the periconception and peripartum windows may disrupt this 
essential maternal brain plasticity and will also lead to resistance in the brain reward pathways, 
subsequently influencing maternal care. We also hypothesise that by restoring the omega-6/omega-3 ratio 
during pregnancy and lactation, we will be able to reverse the detrimental effects of preconception 
unbalanced diet. 

We will examine weight gain, fat mass, brain and peripheral satiety signaling, and brain reward pathways in 
rats fed diet high in omega-6/omega-3 ratio during preconception, pregnancy and lactation. By altering the 
diet composition during pregnancy and lactation to achieve balanced supply of fatty acids, we will normalise 
maternal metabolic and brain function. This project will lead to a better understanding of the impact of diet 
during and before pregnancy on the maternal brain.  

By the end of their candidature the student will be well-versed in small animal handling, behaviour, surgical, 
sample and tissue collection techniques, immunohistochemistry, rt-PCR and other laboratory techniques as 
needed, data collection, analysis, interpretation and write up.  

References: 
1. Kinsley, et al. Sci Am. 2006;294:72-79 
2. Simopoulos. Biomed Pharmacother. 2002;56:365-379 
3. Simopoulos. World Rev Nutr Diet. 2003;92:1-22 
4. Chong, et al. J Clin Psychiatry. 2015;76:e848-856 
5. Coletta, et al. Rev Obstet Gynecol. 2010;3:163-171 
 
Contact Details: 
Principal supervisor: Luba Sominsky. Luba.Sominsky@rmit.edu.au] 
Associate supervisor: Sarah J. Spencer. Sarah.Spencer@rmit.edu.au] 
  

mailto:Luba.Sominsky@rmit.edu.au


Maternal dietary imbalance and neonatal brain development.  
Neuroendocrinology of the Obese Brain Research Group within the Neurodevelopment and 

Disease Research Program 
Campus: Bundoora West 

 

PhD Project 
Project Description  
Pregnancy leads to a great increase in maternal weight. Increased food intake during pregnancy is 
essential in order to sustain a developing foetus. Excessive weight gain during the preconception window, 
however, produces lasting effects on foetal development, leading to a range of physiological and 
behavioural abnormalities in the offspring 1,2. Importantly, balanced supply of fatty acids during pregnancy is 
necessary for optimal brain development and subsequent long-term behavioural outcomes, while western 
diets are known for their unbalanced composition and content of fatty acids, with a high omega-6/omega-3 
fatty acids ratio being particularly detrimental for foetal brain and behavioural development 3,4. However, the 
mechanisms of this disruption of neurodevelopmental processes and whether these can be reversed by 
balanced diet have not been fully investigated.   
 
We hypothesise that maternal diet high in omega-6/omega-3 ratio during the periconception and peripartum 
windows will have long-term consequences on neurodevelopmental milestones in the offspring. We also 
hypothesise that by restoring the fatty acids ratio during pregnancy and lactation, we will be able to reverse 
the detrimental effects of preconception unbalanced diet on the offspring development.  
 
We will examine maternal weight and body fat during pregnancy and lactation, as well as neonatal weight 
gain. We will also assess the impact of diet on the establishment of neural circuitry underlying the control of 
cognitive function and appetite. By altering dietary composition during peripartum to achieve balanced 
supply of fatty acids, we aim to restore neurobehavioural function in the offspring. This project will lead to a 
better understanding of the impact of dietary fatty acids during and before pregnancy and lactation on foetal 
and neonatal development.  
 
By the end of their candidature the student will be well-versed in small animal handling, behaviour, surgical, 
sample and tissue collection techniques, immunohistochemistry, rt-PCR and other laboratory techniques as 
needed, data collection, analysis, interpretation and write up.  
 
References: 
1. Ashino, et al. J Nutr Biochem. 2012;23:341-348 
2. Casas, et al. Int J Epidemiol. 2013;42:506-517 
3. Loomans, et al. J Pediatr. 2014;164:762-768 
4. Coletta, et al. Rev Obstet Gynecol. 2010;3:163-171 
 
Contact Details: 
Principal supervisor: Luba Sominsky. Luba.Sominsky@rmit.edu.au] 
Associate supervisor: Sarah J. Spencer. Sarah.Spencer@rmit.edu.au] 
  

mailto:Luba.Sominsky@rmit.edu.au


Targeting the impact of stress on female reproduction 
Neuroendocrinology of the Obese Brain Research Group within the Neurodevelopment and 

Disease Research Program 
Campus: Bundoora West 

 
PhD Project 

Project Description  
Prolonged or unmanageable stress can become harmful for some individuals and can lastingly impair 
fertility 1. Stress management has significant potential to improve reproductive success rates, but it is 
essential that we begin to identify why fertility is markedly affected by stress in some individuals, and not in 
others. Our novel data in rats and mice show that the gut hormone ghrelin regulates stress and mood 
disorders, plays a crucial role in reproduction, and that chronic stress negatively impacts upon fertility by 
stimulating a dysregulation in ghrelin signalling2,3. Therefore, we propose ghrelin as a novel link between 
stress and infertility and a target for reducing the effects of stress on all aspects of reproduction.  

In this project, we will characterise the effects of chronic stress on the ghrelin system and examine whether 
by restoring the balance between the different circulating forms of ghrelin we can reverse the effects of 
social stress and restore normal reproductive function. Specifically, we will determine the potential for 
restoring ghrelin signalling to reverse the detrimental effects of chronic stress in a female mouse model and 
develop an oocyte developmental index based on global gene expression patterns during development into 
maturation. This will allow us to predict future functionality in the models of reproductive adversity. 

We will assess the effects of prolonged stress on the ovarian reserve, oocyte quality, reproductive and 
ghrelin hormonal profile, breeding capacity and pregnancy outcomes, and whether the effects of stress are 
reversed by normalising the levels of ghrelin. We will also use whole transcriptome profiling of mouse 
oocytes across development to generate a developmental gene expression of thousands of genes, and 
assess oocyte maturity and quality by in vitro maturation of adult oocytes from stressed and non-stressed 
mice. The combination of the gene profiling developmental index and oocyte function will allow us to 
establish the biological age of an individual’s oocytes and assay the impact of stress on the oocyte age.   

By the end of their candidature the student will be well-versed in small animal handling, behaviour, surgical, 
sample and tissue collection techniques, immunohistochemistry, rt-PCR and other laboratory techniques as 
needed, data collection, analysis, interpretation and write up. 

References: 
1. Prasad, et al. J Biomed Sci. 2016;23:36 
2. Sominsky, et al. PLoS One. 2017;12:e0173498 
3. Spencer, et al. Biol Psychiatry. 2015;78:19-27 
  
Contact Details:  
Principal supervisor: Luba Sominsky. Luba.Sominsky@rmit.edu.au] 
Associate supervisor: Sarah J. Spencer. Sarah.Spencer@rmit.edu.au] 
  

mailto:Luba.Sominsky@rmit.edu.au


Structure and connectivity of the amygdala and associated 
emotional development in children born preterm: a prospective 

longitudinal study. 
Neurodevelopment and Disease Research Program 

Campus: Bundoora West 
 

PhD Project 
Project Description  
Preterm birth (PTB), defined as birth before 37 completed weeks gestation, is the leading cause of perinatal 
morbidity and mortality  [1]. Preterm birth often occurs in the second half of gestation during a period of 
rapid brain growth and maturation, thus premature delivery exposes the baby to an excitatory extra-uterine 
environment before many of the brain’s circuits are formed and refined; this is implicated in changing the 
preterm brain’s connectivity, leading to long-term neurological deficits [2]. Some of the most prevalent 
disorders seen in children born prematurely are emotional disorders including anxiety and depression. The 
amygdala is a key region of the brain in regulating fear and emotional output. Its connection to the 
hippocampus and prefrontal cortex make this region important in the formation of emotional memories and 
responses [3]. Many studies involving the amygdala focus on its size in relation to emotional, behavioural 
and cognitive outcomes [4]. However, little information is available on how preterm birth changes the long-
term connectivity to higher order structures such as the hippocampus and prefrontal cortex, and how these 
relate to the increased prevalence of emotional disorders among ex-preterm children. 
The aim of this project is to assess the changes in connectivity within the brain between the amygdala, 
hippocampus and prefrontal cortex and to determine how these relate to the severity of emotional disorders 
in term and preterm infants and adolescents. 
This project will use neonatal magnetic resonance imaging (MRI) scans collected from the Victorian Infant 
Brain Study (VIBeS) [5] to assess connectivity changes between the amygdala,  hippocampus and 
prefrontal cortex at term equivalent age, and 7 years of age. This assessment will be correlated with the 
severity of emotional and behavioural outcomes as assessed at 2, 5 and 7 years of age. Controls will be 
data collected from babies and children born at term, without any behavioural and emotional disorders. 
Currently there is little information available as to how preterm birth impacts the brain’s ability to develop 
from childhood to adolescence and how this impacts their emotionality later in life. The VIBeS cohort is one 
of the world’s largest prospective longitudinal neuroimaging and neurodevelopmental studies and provides 
the opportunity to study the long-term changes within the brains of individuals from infancy through to pre-
teenage years. Anxiety and depression are leading causes for loss-of-productivity and days off work, and 
impact the social and professional lives of people who live with these disorders. The data from this study 
will therefore direct research in adult anxiety and depression disorders and will lead to research into new or 
more personalized treatments. 
By the end of their candidature students will have expertise in MRI and tractography analysis, behavioural 
and emotional questionnaires, data interpretation, statistical analysis and scientific writing. 

Experiments have been approved the Royal Melbourne Children’s Hospital (HREC 34100 C) All specialist 
training will be provided. 

References: 
[1]. World Health Organisation. http://www.who.int/mediacentre/factsheets/fs178/en/ (2016). 
[2]. Saigal, S. & Doyle L. W. Lancet. 371, 261-269 (2008). 
[3]. Olucha-Bordonau, F. E. et. al. Chapter 18: Amygdala Structure and Function, The Rat Nervous System 
(4th edition) (2015).  
[4]. Petereson, B. S. et. al. JAMA. 284,1939-1947 (2000). 
[5]. Cheong, J. L. et al. JAMA Pediatr. 171, e164805 (2017). 

 

Contact Details: 
Dr Mary Tolcos; Mary.Tolcos@rmit.edu.au [Senior supervisor] 
Dr Angela Cumberland; Angela.Cumberland@rmit.edu.au [Associate supervisor] 
Professor Peter Anderson; peter.j.anderson@monash.edu [Associate supervisor] 
Professor David Walker; david.walker@rmit.edu.au [Associate supervisor] 

http://www.who.int/mediacentre/factsheets/fs178/en/
mailto:Mary.Tolcos@rmit.edu.au
mailto:Angela.Cumberland@rmit.edu.au
mailto:peter.j.anderson@monash.edu
mailto:david.wlaker@rmit.edu.au


Creatine supplementation in pregnancy to improve fetal growth and 
neonatal outcomes following fetal growth restriction. 

Neurodevelopment and Disease Research Program  
Campus Bundoora West 

 
PhD Project 

Project Description  
Fetal Growth Restriction (FGR) is defined as the failure of a fetus to reach its genetic growth potential, and 
together with prematurity is a leading cause of perinatal morbidity, and even death. FGR is a significant 
health issue worldwide, affecting 5-10% pregnancies, which equates to ~30 million newborns worldwide, 
per annum. FGR is associated with a 3-4 fold increased risk of stillbirth, and FGR babies that survive have 
a 10 to 30-fold increased risk of developing cerebral palsy. 
FGR is commonly caused by poor placental function, which leads to chronic fetal hypoxemia and reduced 
fetal supply of glucose and other essential nutrients, ultimately impacting on the ability of the fetus to grow, 
and for essential organs including the brain to develop and mature properly. The fetal brain is relatively less 
affected in size compared to the body as a whole (i.e. brain ‘sparing’); nevertheless, the brain is affected 
internally, and surviving FGR infants have a greatly heightened risk of presenting with neurodevelopmental 
impairments. 

There are no treatments that improve placental insufficiency, and halt, slow, or correct FGR. Creatine is an 
amino-acid derivative obtained from the diet, and also by endogenous synthesis from the amino acids 
arginine, glycine and methionine. Our recent studies show that creatine added to the diet of pregnant 
animals enhances mitochondrial function in fetal tissues challenged by hypoxic-ischemic conditions. They 
also show that creatine-fed mothers have offspring more likely to survive birth asphyxia, and also that 
prenatal creatine loading is protective for many fetal organs - diaphragm muscle, axial skeletal muscles, 
kidneys - as well as the brain.  

We will now test the hypothesis that a prenatal diet rich in creatine can improve fetal growth in the presence 
of poor placental function. In a validated animal model of FGR in pregnant guinea pigs, we will determine: 
(i) the effects of induced placental insufficiency on placental and fetal creatine status; (ii) the effects of 
maternal creatine supplementation on late gestation fetal growth and placental function; (iii) brain structure 
at birth and at an adolescent equivalent age; and (iv) neurobehavioural outcomes in the offspring.  

References: 
[1]. LaRosa D et al (2017)   Understanding the full spectrum of organ injury following intrapartum 
asphyxia.  Frontiers in Pediatrics,  5:16.     doi: 10.3389/fped.2017.00016 
[2]. Ellery S et al (2016)  Creatine for Women: A Review of the Relationship between Creatine and the 
Reproductive Cycle and Female-Specific Benefits of Creatine Therapy.  Amino Acids 48:1819-30.  
[3]. Ellery S et al (2015).  Dietary Interventions Designed to Protect the Perinatal Brain from Hypoxic-
Ischemic Encephalopathy - Creatine Prophylaxis and The Need for Multi-Organ Protection. Neurochemistry 
International. 95:15-23.  
 
Contact Details: 
Principal supervisor:  Dr Mary Tolcos mary.tolcos@rmit.edu.au  
Associate supervisor: Professor David Walker david.walker@rmit.edu.au  
  

mailto:mary.tolcos@rmit.edu.au
mailto:david.walker@rmit.edu.au


A novel antenatal therapy to correct neurological deficits in fetal 
growth restriction  

Neurodevelopment and Disease Research Program 
Campus: Bundoora West 

 

PhD Project 
Project Description 
Fetal growth restriction (FGR) occurs in 5-10% of pregnancies and is a leading cause of perinatal morbidity 
and mortality [1]. FGR is defined as the failure of the fetus to reach its genetic growth potential and can 
occur when there is an inadequate supply of oxygen and nutrients to the fetus because of poor placental 
function. Surviving growth–restricted babies can have abnormal brain development [2] and an increased 
risk of learning difficulties, intellectual and cognitive deficits, motor deficits, cerebral palsy and autism [3]. 
We have identified a novel thyroid hormone analogue that can potentially repair brain injury and reduce the 
morbidity associated with FGR.  
The aim of this project is to determine whether antenatal treatment with a novel thyroid hormone analogue 
will repair brain injury, and improve long-term neurobehavioural dysfunction following FGR. 

This project will use a guinea pig model of FGR where we ligate the uterine artery at mid-pregnancy to 
restrict blood flow and nutrient supply to fetuses [4]. Controls are generated from pregnancies where the 
uterine artery is not ligated. We will then treat dams (ligated and non-ligated) with either vehicle or the 
thyroid hormone analogue. The fetal brains will then be collected and assessed using histological, 
immunohistochemical and molecular techniques. Separate cohorts of offspring (control, FGR, treated, un-
treated) will be grown to adolescence and assessed using a suite of neurobehavioral tests.  

With no antenatal treatment for brain injury in FGR, our challenge is to develop safe and effective therapies. 
This study will test the therapeutic potential of a novel thyroid hormone analogue in an animal model of 
FGR and will provide some essential information required for this compound to progress to clinical testing.  

By the end of their candidature students will have expertise in small animal surgery and handling, 
neurobehavioural assessment, tissue collection, processing and sectioning, histology, 
immunohistochemistry, qPCR, image analysis, data analysis, interpretation, statistics and scientific writing.  

Experiments have been approved by the RMIT animal ethics committee (AEC 1711). All specialist training 
will be provided.  

References: 
[1] Bernstein, I. M., et al, Am J Obstet Gynecol 182 , 198-206 (2000). 
[2] Tolcos, M. et al. Prog Neurobiol 154, 62-77 (2017). 
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Therapeutic Potential of the Nutraceutical Scymnol  
in Androgen-excess Disorders 

Natural Products Research Program 
Campus: Bundoora West 

 

PhD Project 
Project Description 
Scymnol is a marine therapeutic natural product (nutraceutical) with proven clinical efficacy against acne 
[1]. Our in vitro studies show that scymnol is a substrate for steroid-metabolising enzymes [2], reducing 
accumulation of active androgens in rat liver microsomes during metabolism of exogenous testosterone. 
Scymnol also has other relevant bioactivities, including being a potent antioxidant and liver-protective agent 
[3]. Overall, its bioactivities provide a mechanistic basis for investigating scymnol’s potential as a novel 
therapeutic agent for treating androgen-excess disorders. 
 
Androgen-excess disorders range from skin problems (acne, hirsutism and alopecia) to prostate cancer – 
these are caused by an overproduction of active androgens during local testosterone metabolism [4]. This 
project aims to investigate the androgen-modifying effects of scymnol in androgen-sensitive and normal 
cells and tissues, both in vitro and in vivo, via pharmacokinetic and pharmacodynamic mechanisms. Initial 
studies will use in vitro cell lines, to identify the effects of scymnol on androgenic activity, through the use of 
proliferation and screening assays. Further studies will investigate the mode of action of scymnol and the 
particular downstream signalling pathways involved, using gene expression and protein quantification 
methods. Later in the project, in vivo test systems will use animal ethics-approved models, whereby control 
subjects will be compared to subjects with elevated androgen levels (via injection of testosterone) after 
exposure to scymnol. 
 
The project will be undertaken in the Natural Products Research and Nanosafety/Toxicology Research 
laboratories. Scymnol research at RMIT involves the industry partner MacLab Pty. Ltd, with the supply of 
synthetic scymnol provided by the Natural Products Research laboratories at RMIT. This project will 
produce a high-quality multidisciplinary PhD graduate with industry-related research capabilities. The 
graduate will gain specialised expertise and advanced laboratory skills in cell culture, microscopy and 
molecular biology, biochemistry, toxicology and animal handling, which are in high demand in the 
pharmaceutical and biomedical industries. Results from this project will be published in high impact 
scientific journals, and presented at national or international conferences.  

References: 
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Formyl peptide receptor 2 is a novel therapeutic target to treat lung 
cancer 

Airways Inflammation Research Group  
Chronic Infectious Inflammatory Disease (CIID) Programme 

Campus: Bundoora West 
 

PhD Project 
Project Description 
Since lung cancer is a leading cause of cancer related death and largely incurable, new therapies are 
needed to reduce its global and devastating burden. We have made an important recent discovery that a G-
coupled protein receptor (GPCR) called formyl peptide receptor 2 (FPR2) and its ligands including Serum 
Amyloid A (SAA) and soluble uPAR are over-expressed in lung cancer biopsies. The FPR2 receptor plays a 
critical role in the transition from acute inflammation to resolution by binding to distinct ligands. SAA and 
soluble uPAR are considered inflammatory agonists that promote leukocyte recruitment and survival; 
whereas endogenous molecules known as specialized pro-resolving mediators (SPMs) switch off 
inflammation by blocking leukocyte migration and survival. SPMs that bind to FPR2 include Lipoxin A4 and 
Resolvin D1, which are generated from the essential omega fatty acids. Our laboratory has been at the 
forefront in defining the role of FPR2 in chronic inflammatory lung diseases and we have shown that there 
is an imbalance in FPR2 ligands (i.e. too much inflammatory ligands relative to SPMs) that drives persistent 
mucosal inflammation in chronic lung diseases [1, 2]. 
 
In this project, you will utilize a novel knock-in mouse lung cancer model that develops a more aggressive 
form of lung cancer due to excessive inflammation [3]. We have generated preliminary data demonstrating 
that FPR2 and its ligands; SAA and soluble uPAR are over-expressed in the lungs of this unique knock-in 
lung cancer model. Specifically, you will develop a therapeutic strategy to deliver SPMs including Lipoxin A4 
and Resolvin D1 and evaluate their ability to prevent the progression of lung tumours. In addition, FPR2 is 
expressed on cytotoxic natural killer (NK) cells [4]. Cytotoxic NK cells play a critical role in preventing 
progression of cancer as they can normally recognize and kill cancer cells through the release of molecules 
including granzyme B and perforins. Cancer cells can avoid being recognized and attacked by cytotoxic 
cells by expressing immunosuppressive molecules. In this project, you will also evaluate FPR2 expression 
and ligand responses in NK cell lines in order to determine how this influences recognition and cytolytic 
function of cancer cells. You will also measure inhibitory and activating NK cell receptors that dictate the 
activation status of NK cells. Importantly, you will also validate key findings using cryopreserved peripheral 
blood mononuclear cells (PBMCs) from lung cancer patients. A suite of molecular, immunological and 
histological tools will be used including immunohistochemistry, RT-qPCR and flow cytometry.  
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HIV Phenotypes Important for the Establishment of Persistent 
Reservoirs in the Central Nervous System and which impact 

Neurotropism and Neuropathogenesis 
HIV Neuropathogenesis Group 

Program in Chronic Infectious and Inflammatory Diseases 
Campus: Bundoora West 

 

PhD Project 
Project Description  
This project will investigate the viral determinants of HIV infection of long term chronic infection of virally 
suppressed HIV patients and the impact of chronic infection on HIV cure.  
Despite improvement in morbidity and mortality following treatment with combination antiretroviral therapy 
(cART), currently available treatments do not cure HIV and treatment is life-long. Additionally, while there 
has been a decrease in the severity of HIV-1 associated neurological disorders (HAND) they remain among 
the most common neurological disorders in people under the age of 40, and the prevalence of HAND, 
including its most severe form as HIV-associated dementia (HAD), continues to increase in Australia and 
the USA despite the introduction of cART(1). HIV-1 infection of the central nervous system (CNS) and the 
pathogenic mechanisms involved in HAND are poorly understood. This is largely due to the limited 
availability of clinically and neurologically well-characterised HAND tissue samples, and the lack of 
availability of sensitive techniques to allow the study of physiologically relevant, CNS-derived HIV-1 strains. 
Understanding the pathogenesis of HAND and development of targeted therapy directed at the CNS has 
become an important health care issue to address. 
The major goal of research towards a cure for HIV is to identify strategies that will lead to either a sterilising 
cure (elimination of all infected cells) or a functional cure (long-term control of HIV in the absence of cART). 
The principal reason why cART cannot cure HIV is persistence of HIV in resting memory T-cells, and other 
long-lived cells such as brain astrocytes and cells of the macrophage lineage (2-4). Understanding how HIV 
infects and persists in cells of the CNS is critical for development of strategies to achieve a cure for HIV. 
In this project, we will utilise a unique bank of autopsy brain and matched CSF, plasma and PBMC samples 
from a cohort of individuals who died with the presence or absence of HAD and HIV-1 encephalitis (HIVE), 
whilst receiving- or not receiving cART with the aim of elucidating the role of the HIV-1 Env glycoproteins in 
mediating HIV-1 neurotropism and establishment of viral reservoirs. Highly specific and innovative immuno-
histochemical techniques RNA/DNAscope technology will be used to identify infected cells in brain tissues; 
laser capture microdissection to isolate individual infected cells; and highly specific/sensitive PCR 
techniques to clone the HIV genomes detected.  HIV-1 envelopes will be analysed for co-receptor use and 
virus for replication capacity using well established assays using affinofile receptor assays. 
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Viral Determinants of HIV-1 Transcriptional Latency in the Central 
Nervous System 

HIV Neuropathogenesis Group 
Program in Chronic Infectious and Inflammatory Diseases 

Campus: Bundoora West 
 

PhD Project 
Project Description  
This project will investigate the viral determinants of HIV infection of long term chronic infection of virally 
suppressed HIV patients and the impact of chronic infection on HIV cure. HIV-1 cannot be eradicated by 
combination antiretroviral therapy (cART) alone. The major obstacle to eradicating HIV-1 is the ability of 
proviral DNA to persist latently in cellular reservoirs (1). Consequently, the delineation of the mechanisms 
of persistence in latently infected cells and how latency can be reversed to render the cells susceptible to 
antiviral therapies and immune surveillance, is a high priority area for HIV-1 research. 
The central nervous system (CNS) reservoir poses unique and important challenges to HIV-1 eradication, 
which are poorly understood. This project will directly address these challenges to better inform cure 
strategies for a more comprehensive approach to eradicating HIV-1 from all tissue reservoirs in the body. 
Specific challenges to HIV-1 cure imposed by the CNS include; the brain is an immunologically privileged 
compartment, refractory to adequate penetration by many drugs used in cART; its resident cells have 
unique transcriptional regulatory mechanisms; and thus it follows that the evolution of HIV-1 in the brain will 
select for unique variants whose transcriptional regulatory mechanisms are distinct from those which 
govern viral persistence in T cells. These differences will directly influence the ability of transcriptional 
activating drugs, including those currently in phase II clinical HIV-1 cure trials, to successfully reactivate and 
eliminate latent virus. Thus, it is essential to the overall goal of HIV-1 eradication that there is a complete 
understanding the transcriptional regulatory mechanisms of HIV-1 in latently infected cells of the CNS. 
We have shown that a significant proportion of astrocytes and macrophage-lineage cells in the CNS are 
latently infected with HIV-1 (2,3,4). Since these latently infected cells are long-lived and brain macrophages 
having the potential to be activated to produce HIV-1 capable of seeding virus to peripheral organs, they 
are central to Cure strategies. 
Specifically, this project will determine the regulatory mechanisms underlying the effects of latency 
reversing agents (LRAs) on cellular reservoirs within the CNS. In this project, we will utilise a unique bank 
of autopsy brain and matched CSF, plasma and PBMC samples from a cohort of individuals who died 
whilst virally suppressed and receiving cART with the aim of determining the factors involved in 
transcriptional regulation in persistently in infected cells in the CNS. We will utilise DNA/RNAscope 
technology and laser capture microdissection to isolate infected cells; transcriptional assay to determine 
promoter activities; chromatin assays to determine factors regulating latency. 
 
References: 
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Developing HAND-iT:  A Computer Program for Diagnosing HIV-
associated Neurocognitive Disorders 

HIV Neuropathogenesis Group 
Program in Chronic Infectious and Inflammatory Diseases 

Campus: Bundoora West 
 

PhD Project 
Project Description:  
This project will utilise both “wet” (laboratory-based) and “dry” lab (computer-based) research techniques to 
develop a computer program that can cheaply and rapidly diagnose HIV-infected individuals with HIV-
associated neurocognitive disorders. 
 
Shortly after infection, HIV enters the central nervous system (CNS) where it can remain persistent 
throughout the course of disease and causes HIV-associated neurocognitive disorders (HAND) in up to 
50% of infected individuals. These disorders, which range from asymptomatic neurological impairment 
(ANI) to mild neurological impairment (MND) and the most severe form: HIV-associated dementia (HAD), 
can cause memory loss, a reduced ability to live and function independently, and relationship breakdowns. 
Currently, the gold standard method for diagnosing HAND, and thus determining whether a patient should 
be treated with anti-HIV drugs that target the CNS, is a neuropsychological and neurological examination 
followed by imaging and cerebrospinal fluid (CSF) testing. Unfortunately, because (i) neuropsychological 
and neurological examinations are relatively subjective and do not consistently cross language and cultural 
barriers, and (ii) CSF HIV testing requires a lumbar puncture; a highly invasive procedure for which 
patients’ consent is notoriously difficult to obtain, there is currently an unmet clinical demand for a relatively 
non-invasive, objective and reliable diagnostic test for HAND. In response, here we aim to develop “HAND-
iT”: the first computer program to diagnose HAND based on the presence of mutations within HIV genetic 
sequences isolated from patients’ blood samples.  
 
For this project, students will isolate HIV genetic sequences from a panel of HAND and non-HAND patient-
derived peripheral blood mononuclear cells, autopsy brain tissue and CSF samples. These sequences will 
then be taken into the “dry lab” where students will learn, utilise and develop bioinformatics techniques to 
create HAND-iT, test the programs accuracy and then translate it to an online website accessible to 
researchers and clinicians. 
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Elucidating the timing and mechanisms driving the pathophysiology 
of HIV-associated neurological disorders using SIV-infected non-

human primate models 
HIV Neuropathogenesis Group 

Program in Chronic Infectious and Inflammatory Diseases 
Campus: Bundoora West 

 

PhD Project 
Project Description  
This project aims to elucidate the timing and progressive pathophysiology of neurological syndromes 
relevant for patients receiving combination antiretroviral therapy (cART), thus informing treatment decisions 
to enable improved neurological outcomes for subjects living with persistent HIV infection. 
Despite successful viral suppression with cART, HIV-associated neurocognitive disorders (HAND) remain a 
significant clinical problem with HAND diagnosed in 30-69% of treated subjects. These syndromes, which 
include mild neurocognitive disorders (MND) and asymptomatic neurocognitive impairment (ANI), are a 
significant health, economic and social problem in Australia and worldwide. The pathophysiology of MND 
and ANI is poorly understood, principally because of (i) the paucity of clinical brain tissue samples available 
from HIV-infected, cART-treated subjects, (ii) the inability to sequentially sample such tissues in humans, 
and (iii) the highly specialised nature of experimentation required on rare tissues that are available. 
However, we now know that subjects diagnosed with ANI have a significantly greater risk of progressing to 
MND and exhibit a shorter time to presentation of symptoms compared to subjects without ANI. 
Understanding the pathophysiology of HAND, in particular ANI, will better inform treatment options for 
patients to significantly improve the quality of their life. 
The challenge is the inability to conduct sequential sampling studies of human brain tissues for 
immunological and virological analyses. Non-human primate (NHP) studies provide a unique and powerful 
research tool to overcome these challenges. Elucidating the pathophysiology of different forms of HAND 
will only be achieved by in depth, sequential analyses of tissues from clinically well characterised simian 
immunodeficiency virus (SIV)-infected NHPs, juxtaposed to cross-sectional analyses of autopsy tissues 
from cART-treated, clinically/neurologically well characterised humans who died with HIV infection. Highly 
sophisticated and innovative techniques will be used, such as laser capture microdissection (LCM) and 
RNA/DNAscope for highly sensitive single-cell analyses of infected cells within the brain. Single-cell 
analysis is essential for elucidating the cell-specific mechanisms involved in the pathophysiology of HAND. 
This project will identify the temporal nature and immunological and inflammatory sequelae of SIV infection 
in the brain, the impact of cART on these events, and the clinical parallels to development of types of 
HAND in humans that are relevant in cART-treated patients.  
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The role of HIV-1 envelope in the infection of CD4+ T cells and 
macrophages in HIV-1 clade C infection 

Program for Chronic infectious and Inflammatory Diseases, 
Gorry/Churchill Research Group  

Campus: Bundoora West 
 

PhD Project 
Project Description  
The majority of HIV research has focused on clade B HIV-1, despite >50% of infections being C-HIV and 
largely in resource-constrained nations. There is a critical gap in our understanding of C-HIV pathogenesis, 
particularly for the formation of viral reservoirs, which establish early and hinder eradication.  
 
This project will determine whether adaptive changes in clade C HIV-1 (C-HIV) envelope glycoproteins 
(Env) during disease progression affect infection of cells known to be viral reservoirs. We hypothesise that 
interactions between Env and cellular receptors early in infection will be enhanced, providing an increased 
ability to infect key immune cells encouraging viral dissemination and infection of viral reservoirs. 
 
Env largely determines cellular tropism [1, 2] and thus has the ability to influence the size and longevity of 
the viral reservoir [3]. However, which viral reservoirs, in particular CD4+ T cell subsets, are preferentially 
infected early in C-HIV and how this changes during disease progression remains unclear. 
 
Using a unique C-HIV natural infection cohort, we will determine viral tropism for CD4+ T cell subsets and 
macrophages from early to chronic disease stages. Longitudinally we will characterize HIV-1 receptor 
usage and dependence, cellular tropism, presence of broadly neutralizing antibodies [4] and changes in 
Env, to determine how Env influences viral reservoir development. New insight into the evolution of C-HIV 
Env and infection of viral reservoirs will be key for the development of novel therapies for the eradication of 
HIV. 
 
A range of molecular and immunological techniques will be used and research findings will be presented at 
conferences and for publication. This project requires working in both PC2 and PC3 laboratories for which 
training will be provided. 
 
References: 
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The role of HIV-1 cell-cell transfer in disease pathogenesis 
Program for Chronic infectious and Inflammatory Diseases, 

Gorry/Churchill Research Group  
Campus: Bundoora West 

 

PhD Project 

Project Description  
HIV-1 rapidly infects cells of our immune system, not only by the virus directly infecting a cell, but also 
through the recently described route of cell-cell contact [1]. Understanding how HIV-1 is able to spread 
infection between immune cells, is key for the development of vaccines and preventative therapies. 
 
This project will determine whether viruses from different disease stages are more readily transferred by 
cell-cell contact and assist to unravel the pathways through which this key event occurs. We hypothesise 
that cell-cell transmission is an important event during early events in HIV-1 dissemination and that early 
disease stage viruses are more readily transmitted than chronic stage viruses allowing for greater viral 
dissemination early in infection. 
 
Macrophages and CD4+ T cells are important immune cells for HIV-1 pathogenesis [2, 3] and both 
contribute to the viral reservoir [2, 4]. Macrophages also facilitate HIV-1 dissemination by recruiting CD4+ T 
cells to the site of infection and more recently through cell-cell transfer of HIV [1]. However, it is not 
conclusive whether cell-cell transfer of HIV-1 to macrophages is solely through phagocytosis of infected 
CD4+ T cells or through a different mechanism. 
 
A panel of macrophage and T cell tropic viruses will be used to investigate the role of macrophages in the 
dissemination of HIV-1. We will examine the frequency and efficiency of direct cell infection compared to 
cell-cell transmission and the mechanism of cell-cell transfer. We will study the influence of the type of 
macrophage and CD4+ T cell on the ability of cell-cell transfer and whether disease stage plays a role in in 
the route of HIV-1 cellular transmission. 
 
Students will utilize a range of molecular and immunological techniques including flow cytometry, 
fluorescent microscopy, viral assays and cell culture. This project requires working in both PC2 and PC3 
laboratories for which training will be provided. 
 
References: 
[1].  Baxter A et al. 2014 Cell Host Microbe 16(6):711-21  
[2].  Flynn JK and Gorry PR. Ch27 in Global Virology 2015 
[3].  Cashin K et al. 2014 Retrovirology 11:97 
[4].  Chomont N et al. 2009 Nature Medicine 15:893-900 
 
Contact Details: 
Dr Jacqueline Flynn – jacqueline.flynn@rmit.edu.au  
Professor Paul Gorry – paul.gorry@rmit.edu.au  
Professor Melissa Churchill – melissa.churchill@rmit.edu.au 
  

mailto:Jacqueline.flynn@rmit.edu.au
mailto:paul.gorry@rmit.edu.au
mailto:Melissa.churchill@rmit.edu.au


The role of the stem cell microenvironment in lung regeneration 
after influenza and/or bacterial infection. 

Chronic, Infectious and Inflammatory Diseases Program (Lung Regeneration Group) 
Campus: Bundoora West 

 
PhD Project 

Project Description 
This project will involve characterizing the cellular and molecular mechanisms involved in lung regeneration 
after influenza and/or bacterial infection. It is assumed that aberrant repair is central to the pathogenesis of 
diseases like idiopathic pulmonary fibrosis (IPF), yet we still know very little about the progenitor cells that 
regenerate damaged airways and gas-exchange surfaces of the lung, or how changes in the local 
microenvironment regulate their behavior during critical stages of repair or pathological remodeling.  
 
One of the hallmark characteristics of IPF pathology is the bronchiolization (or honeycombing) of the 
alveolar space, which refers to the increased presence of basal stem cells that do not normally reside in the 
alveoli. This abnormal epithelial remodelling is often juxtaposed to regions of dense fibrosis. Similarly, after 
influenza infection in mice, basal cells expand to repopulate the depleted alveolar epithelium. What is not 
known is whether the changes in the stem cell pool and the local microenvironment are concomitant 
defects or have a cause and effect relationship. Interestingly, recent preliminary data suggests that this 
wound-healing process is altered in the context of influenza and bacterial co-infection. This project will 
explore the relationship between the mesenchymal cell composition of the injured microenvironment and 
epithelial remodelling; and examine how this process of tissue regeneration is altered in the context of 
bacterial co-infection.  
 
The aim of this project will be to use mouse models of influenza and/or bacterial infection in combination 
with novel three-dimensional in vitro organoid cultures to elucidate the inter-cellular communication involved 
in tissue regeneration. After influenza and/bacterial infection, immunohistochemistry of lung tissue sections 
will be used to characterise changes in tissue regeneration. Cellular changes over the course of the injury-
repair process will be investigated by flow cytometry, immunohistochemistry and gene expression analyses.  
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[3].  D.N. Kotton et al. Nature Medicine 20 (2014) 822–832. 
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Targeting Endosomal NOX2 Oxidase In Viral Disease 
Chronic infectious and inflammatory diseases program, Oxidant and 

Inflammation Biology Group. 
Campus: Bundoora West 

 
PhD Project 

Project Description  
These projects aim to identify novel mechanisms of viral replication that underlie some of the most 
devastating diseases worldwide. The ever-present threat of epidemics and pandemics, emerging anti-viral 
resistance, and long lag times for vaccine development highlight an urgent and ongoing need for novel 
therapeutic approaches that target viral pathology, ideally in a manner that is independent of the infecting 
strain. We have identified a novel biological mechanism that is viral strain-independent, which provides a 
target for therapeutic intervention in influenza [1,2]. We focus on the important family of enzymes, the 
NADPH oxidases (NOXs) - the “master” generators of reactive oxygen species (ROS) in mammalian cells 
[3]. ROS are a crucial component of the immune response to invading pathogens, but paradoxically, ROS 
promote virus replication by unknown mechanisms. We show for the first time that endosomes are the 
major subcellular site of ROS production in response to influenza virus [2]. In addition, virus-dependent 
endosomal ROS responses suppresses anti-viral immunity and therefore have major implications for the 
treatment of viral disease. We provide proof-of-concept that this mechanism can be exploited via a 
prototype endosome-targeted inhibitor of ROS that dramatically promotes viral clearance and reduces virus 
pathogenicity in vivo (see figure). 
 
Hypothesis 
Inhibition of endosomal NOX2 oxidase activity enhances virus 
elimination, reduces disease severity and provides a novel and highly 
effective approach for anti-viral treatment.  
Project 1: To determine whether targeting endosomal NOX2 oxidase 
suppresses pathogenicity to influenza A virus infection in vivo. 
Project 2: To establish the effectiveness of NOX2 oxidase 
inhibitors as vaccine adjuvants to bolster antibody production during 
influenza virus infections. 
 
Techniques to be employed 
The PhD student will perform in vivo studies, in particular with mice, and in vitro studies involving influenza 
virus infections. The project will also involve the treatment and dissection of laboratory animals, various 
scientific analyses including cellular, protein and mRNA assays, confocal immunofluorescence microscopy 
and carry out elementary statistical analysis on scientific data.  
 
References: 
[1]. Vlahos et al., 2011. PLoS pathogens. https://doi.org/10.1371/journal.ppat.1001271 
[2]. To et al., 2017. Nature Communications 8, Article number: 69(2017). doi:10.1038/s41467-017-00057-x 
[3]. Drummond, Selemidis et al., 2011; Nat Rev Drug Discov. 2011 Jun; 10(6): 453–471. 
 
Contact Details:  
Dr Stavros Selemidis- Stavros.selemidis@RMIT.edu.au;  
A/Prof Ross Vlahos ross.vlahos@rmit.edu.au . 
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Targeting oxidant-dependent pathways to treat skeletal muscle 
wasting in chronic obstructive pulmonary disease 

Respiratory Research Group 
Program in Chronic Infectious and Inflammatory Diseases 

Campus: Bundoora West 
 

PhD Project 
Project Description 
Chronic obstructive pulmonary disease (COPD) is a major incurable global health burden and is currently 
the 4th largest cause of death in the world [1]. COPD costs the Australian community over $8.8 billion per 
year and causes substantial morbidity and mortality [2]. Patients with COPD often suffer from severe 
muscle wasting, which increases their risk of death and reduces quality of life [3, 4]. Preventing or reversing 
wasting offers a major advance in COPD treatment, increasing quality of life and survival. Common clinical 
strategies to improve muscle mass and function in COPD patients include anabolic hormones, nutritional 
intervention and exercise training; unfortunately these treatments often have limited clinical success and 
currently there are no effective treatments for muscle wasting [3, 4]. Our research aims to develop new 
therapeutic approaches to reverse or prevent muscle wasting. 
 
Elevated oxidative stress is emerging as an important factor in the pathology of COPD, and can be caused 
both by oxidants within cigarette smoke and by reactive oxygen species (ROS) released by inflammatory 
cells within the lungs. Although studies have shown that there is oxidative damage in various tissues of 
COPD patients, currently very little is known about the effects of oxidative stress in muscle of COPD 
patients or the potential effects of antioxidants in reducing muscle wasting by reducing the respiratory and 
systemic oxidative burden. 
 
The aim of this project is to elucidate the mechanisms underlying cigarette smoke-induced skeletal muscle 
wasting and dysfunction in COPD and provide proof-of-concept that: (i) targeted inhibition of ROS 
generating enzymes (Nox2 inhibitors); and/or (ii) use of selective ROS scavengers (Gpx mimetics) can be 
utilized as a therapeutic approach to (A) reduce skeletal muscle wasting and (B) improve skeletal muscle 
function in COPD.  The student will learn a number of skills including in vivo disease models, quantitative 
PCR, cell culture of mouse and human muscle cells, microscopy, histology, ELISA and Western blotting. 
 
References: 
1. Vogelmeier, C.F., et al., Global Strategy for the Diagnosis, Management, and Prevention of COPD 2017 

Report: GOLD Executive Summary. Am J Respir Crit Care Med, 2017. 
2. Australian Lung Foundation Access Economics, Economic impact of COPD and cost effective solutions 

report. 2008. 
3. Maltais, F., et al., An official American Thoracic Society/European Respiratory Society statement: update 

on limb muscle dysfunction in chronic obstructive pulmonary disease. Am J Respir Crit Care Med, 2014. 
189(9): p. e15-62. 

4. Passey, S.L., et al., Emerging therapies for the treatment of skeletal muscle wasting in chronic 
obstructive pulmonary disease. Pharmacol Ther, 2016. 166: p. 56-70. 

 
Contact Details: 
Associate Professor Ross Vlahos ross.vlahos@rmit.edu.au 
Associate Professor Steven Bozinovski steven.bozinovski@rmit.edu.au 
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Novel pharmacological strategies to treat cognitive dysfunction in 
chronic obstructive pulmonary disease 

Respiratory Research Group 
Program in Chronic Infectious and Inflammatory Diseases 

Campus: Bundoora West 
 

PhD Project 
Project Description 
Chronic obstructive pulmonary disease (COPD) is a major incurable global health burden, affects 210 
million people worldwide and is currently the 4th largest cause of death in the world [1].  Cigarette smoking 
is the major cause of COPD and accounts for more than 95% of cases in industrialized countries [1]. COPD 
costs the Australian community over $8.8 billion per year and causes substantial morbidity and mortality [2]. 
Importantly, much of the disease burden and health care utilisation in COPD is associated with the 
management of its comorbidities and viral and bacterial-induced acute exacerbations of COPD (AECOPD) 
[1].  Recent clinical studies have shown that cognitive dysfunction is present in up to 60% of COPD 
patients, with impairment in memory, attention and executive function [3-5].  In addition, comorbid cognitive 
dysfunction impacts on important outcomes such as quality of life, hospitalisation and survival [3-5].  The 
high prevalence of cognitive dysfunction in COPD may also help explain the insufficient adherence to 
therapeutic plans and strategies, thus exacerbating and increasing the social costs in COPD subjects.  
However, the mechanisms underlying brain pathology and cognitive impairment in COPD are largely 
unknown. 
 
The aim of this project is to determine the mechanisms underlying cigarette smoke-induced cognitive 
dysfunction in COPD in an effort to develop therapies to prevent or slow down cognitive dysfunction caused 
by cigarette smoking.  The student will learn a number of skills including in vivo disease models, histology, 
morphometry, quantitative PCR, FACS analysis of cell populations, cell and tissue culture, microscopy, 
ELISA, zymography and Western blotting 
 
References: 
1. Vogelmeier, C.F., et al., Global Strategy for the Diagnosis, Management, and Prevention of Chronic 

Obstructive Lung Disease 2017 Report: GOLD Executive Summary. Am J Respir Crit Care Med, 2017. 
2. Australian Lung Foundation Access Economics, Economic impact of COPD and cost effective solutions 

report. 2008. 
3. Dodd, J.W., Lung disease as a determinant of cognitive decline and dementia. Alzheimers Res Ther, 

2015. 7(1): p. 32. 
4. Dodd, J.W., S.V. Getov, and P.W. Jones, Cognitive function in COPD. Eur Respir J, 2010. 35(4): p. 913-

22. 
5. Dodd, J.W., et al., Cognitive dysfunction in patients hospitalized with acute exacerbation of COPD. 

Chest, 2013. 144(1): p. 119-27. 
 
Contact Details: 
Associate Professor Ross Vlahos ross.vlahos@rmit.edu.au 
Associate Professor Sarah Spencer sarah.spencer@rmit.edu.au 
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The utility of ultrasonography to identify the onset of sarcopenia 
Coumunity Health and Research Group (CHaRG) 

Campus: Bundoora West 
 

PhD Project 
Project Description  
Muscle mass reduces with age leading to the onset of sarcopenia. The loss of muscular strength and 
physical function [1, 2] associated with sarcopenia increases the risk of mortality, morbidity and disability [3, 
4]. Hence it is critical to identify the onset of sarcopenia in order to reduce or minimise the associated risks. 
Current techniques used to assess muscular mass, strength and physical function are costly, labour 
intensive and usually involve radiation [5]. The tests cannot be used in populations with comorbidities that 
limit movement or that are unable to follow test instructions (e.g. cognitive impairment) [5]. Moreover, the 
tests commonly used to assess physical function heighten the risk of injury.  
 
As an alternative, brightness mode ultrasound has the potential to provide a safe and effective assessment 
through the measurement of muscle architecture (i.e. muscle thickness, pennation angle and fascicle 
length). This technique is non-invasive, reliable and presents no injury risk to participants [6]. Research 
demonstrates that muscle architecture measures are significantly related to muscle strength [7]. However, 
there is a need for large-scale studies to fully understand the links between muscle architecture, strength, 
function and mass. 
 
The primary aim of this investigation is to determine the utility of ultrasonography to identify the onset of 
sarcopenia. 
 
References: 
[1] Doherty TJ. Invited review: Aging and sarcopenia. J Appl Physiol. 2003;95:1717-27. 
[2] Cruz-Jentoft AJ, et al. Sarcopenia: European consensus on definition and diagnosis: Report of the 
European Working Group on Sarcopenia in Older People. Age Ageing. 2010;39:412-23. 
[3] Rantanen T, et al. Midlife hand grip strength as a predictor of old age disability. JAMA. 1999;281:558-60. 
[4] Cooper R, Kuh D, Hardy R. Objectively measured physical capability levels and mortality: systematic 
review and meta-analysis. BMJ. 2010;341:c4467. 
[5] Can B, et al. The value of musculoskeletal ultrasound in geriatric care and rehabilitation. Int J Rehabil 
Res, 2017. 
[6] Raj IS, Bird SR, Shield AJ. Reliability of ultrasonographic measurement of the architecture of the vastus 
lateralis and gastrocnemius medialis muscles in older adults. Clin Physiol Funct Imaging. 2012;32:65-70. 
[7] Strasser EM, Draskovits T, Praschak M, Quittan M, Graf A. Association between ultrasound 
measurements of muscle thickness, pennation angle, echogenicity and skeletal muscle strength in the 
elderly. Age. 2013;35:2377-88. 
 
Contact Details: 
Dr. Isaac Selva Raj, isaacselva.raj@rmit.edu.au  
Professor Stephen Bird, stephen.bird@rmit.edu.au  
Associate Professor Noel Lythgo, noel.lythgo@rmit.edu.au  
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Can specific targeted exercise programs improve gait and 
balance recovery in the elderly adult population? 

Community Health and Research Group (CHaRG) 
 Campus: Bundoora West 

 

PhD Project 
Project Description 
Regular exercise through walking enhances physical health and mental well-being. Positive outcomes 
include weight management, blood pressure reduction, lower risk of significant disease (cardiovascular, 
cancer) and reductions in depression and anxiety [1, 2]. It has been shown that there is a gait speed–
survival relationship associated with aging. In a study involving 34,485 older adults (78.5 ± 5.9 years), it 
was found that a gait speed of 0.8 m/s was associated with median life expectancy, whereas a speed faster 
than 1.0m/s suggested better than average life expectancy and above 1.2 m/s suggested exceptional life 
expectancy [3]. 
Other changes associated with aging involve reductions in joint motion (e.g. hip extension), foot-
ground/obstacle clearance and ankle plantar-flexor power [4] . Ankle plantar-flexor power is primarily 
generated by the Triceps Surae musculature and is critical for propelling the body forward and for quickly 
recovering balance after a stumble or trip [5].  It has also been shown through muscle-driven simulations of 
human walking that gait is most sensitive to weakness of the ankle plantar-flexors, hip abductors, and hip 
flexors [6]. Hence it is important to maintain or improve the function, strength and power (concentric and 
eccentric) of these muscles, especially in an aging population. 

The aim of this project is to assess whether exercise programs that target the strength and power (eccentric 
and concentric) specific targeted muscles can improve gait and dynamic balance in older adults. It is 
hypothesized that improvements in the power and strength will improve these outcomes.  

References 
[1] Eyler AA, Brownson RC, Bacak SJ, Housemann R. The epidemiology of walking for physical activity in 
the United States Medicine & Science in Sports & Exercise. 2003;35:1529-36. 
[2] Penedo F, Dahn JR. Exercise and well-being: a review of mental and physical health benefits 
associated with physical activity Current Opinions in Psychiatry. 2005;18:189-93. 
[3] Studenski S et al. Gait Speed and Survival in Older Adults Journal of American Medical Association. 
2011;305:51-8. 
[4] Cofre L, Lythgo N, Morgan D, Galea M. Aging modifies joint power and work when gait speeds are 
matched. Gait & Posture. 2011;33:484-9. 
[5] Wojcik LA et al. Age and gender differences in single-step recovery from a forward fall. Journal of 
Gerontology: Biological & Medical Sciences. 1999;54:44-50. 
[6] van der Krogt M, Delp S, Schwartz MH. How robust is human gait to muscle weakness?  Gait and 
Posture. 2012;36:113-9 
 
Contact Details:  
Associate Professor Noel Lythgo, noel.lythgo@rmit.edu.au    
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Professor Stephen Bird, stephen.bird@rmit.edu.au  
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Improving workplace health and well-being through Meditation 
and/or Aerobic Exercise  

Exercise and Sport Science 
 Campus: Bundoora West 

 

PhD Project 
Project Description  
Meditation is known to promote calmness and general wellbeing (1). It is well known that regular exercise 
improves physiological and psychological outcomes such cardiorespiratory function and general well-being 
(2, 3). Aerobic exercise can be described as a form of dynamic meditation since it is repetitive in nature and 
requires concentration to maintain exercise intensity (4). This suggests that long-term aerobic training may 
lead to neurophysiological adaptations similar to those achieved through meditation.  
 
The high intensity workloads of many workers often leads to negative stress resulting in fatigue, illness and 
a loss of work productivity (2, 3, 5). Moreover, many workers’ tasks are sedentary in nature, which 
increases the risk of the development of chronic physical conditions such as coronary heart disease. Few 
studies have investigated the effects of meditative practices in conjunction with aerobic exercise (or 
exercise alone) on neurophysiological outcomes such as cognitive function (6) and brain volume (7) in the 
workplace. No research has directly compared the outcomes of meditative practices and aerobic exercise 
on measures of neurophysiological function, general health and wellbeing in the workplace. This research 
investigates whether  workplace interventions that utilise meditation and exercise programs (in combination 
or alone)  improve health, wellbeing and productivity, and reduce health care costs.  Specifically, measures 
of neurophysiological, physiological and psychological function will be investigated.  
 
References: 
[1]  Ricard M et al.. Mind of the meditator. Scientific American. 2014;311(5):39-45. 
[2]  Biddle SJH et al. Physical activity and psychological well-being. London: Routledge; 2000. 
[3]  Pate RR et al. Physical activity and public health. A recommendation from the Centers for Disease 
Control and Prevention and the American College of Sports Medicine. JAMA. 1995;273(5):402-7. 
[4]  Schucker L et al. The effect of attentional focus on running economy. J Sports Science. 
2009;27(12):1241-8. 
[5] Pelletier KR. A review and analysis of the clinical and cost-effectiveness studies of comprehensive 
health promotion and disease management programs at the worksite: update VIII 2008 to 2010. J 
Occupational Environmental Medicine. 2011;53(11):1310-31. 
[6] Hawkes TD et al. Cross-sectional comparison of executive attention function in normally aging long-term 
T'ai chi, meditation, and aerobic fitness practitioners versus sedentary adults. J Alternative Complementary 
Medicine. 2014;20(3):178-84. 
[7]  Tseng BY et al. Masters athletes exhibit larger regional brain volume and better cognitive performance 
than sedentary older adults. J Magnetic Resonance Imaging. 2013;38(5):1169-76. 
 
Contact Details:  
Dr. Isaac Selva Raj Isaac Selva Raj, isaacselva.raj@rmit.edu.au  
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Allied Health Students as Health Coaches 
Integrative Health Care 

Campus: Bundoora West 
 

PhD Project 
Project Description  
Traditionally, health education or counselling has been delivered by a health care professional in either 
written and/or face-to-face encounter. Generally, the health care professional instructs the patient with 
directions to follow with little allowance for exchange of information. While that can and may work for some 
patients, it fails to optimize outcomes in the majority of cases. Health coaching focuses on motivation, 
engagement, and increasing the self-confidence of patients. The implementation of allied health 
professional based health coaching programs has the potential to improve patient outcomes. 
 
Health coaching is not currently included in the curriculum of allied health students e.g. pharmacy students.  
Service learning i.e. meaningful community service to enrich the learning experience is also infrequently 
performed by Australian undergraduates.  
 
In this proposal the PhD student will develop a “health coach” training program which will be incorporated 
into the undergraduate program of an allied health profession. The impact of the training program on 
students’ skills and on health aspects of patient groups in a service learning arrangement will be evaluated. 
 
Human ethics approvals will be required. 
 
References: 
[1]. Lonie, J. M., Austin, Z., Nguyen, R., Gill, I., & Tsingos-Lucas, C. (2017). Pharmacist-based health 
coaching: A new model of pharmacist-patient care. Research in Social and Administrative Pharmacy, 13(3), 
644-652. 
[2]. Butterworth, S. (2010). Health-coaching strategies to improve patient-centered outcomes. Journal of the 
American Osteopathic Association, 110(4 Supplement 5), eS12. 
[3]. Collins, D. A., Shamblen, S. R., Atwood, K. A., Rychener, D. L., Scarbrough, W. H., Abadi, M. H., & 
Simmons, L. A. (2015). Evaluation of a health coaching course for providers and staff in veterans health 
affairs medical facilities. Journal of primary care & community health, 6(4), 250-255. 
 
Contact Details: 
To discuss this project further please contact:  
Professor Ieva Stupans (ieva.stupans@rmit.edu.au) 
Professor Gerard Kennedy (gerard.kennedy@rmit.edu.au) 
  



Self-Care amongst Refugees  
Integrative Health Care 

Campus: Bundoora West 
 

Masters/PhD Project 
Project Description  
The plight of refugees is a growing international concern. In addition to offering legal and physical 
protection, a key goal of resettlement is to facilitate integration and ensure the health and well-being of 
resettled refugees in the longer term.  Much focus has been on the mental health of refugees, little is known 
about health around conditions such as diabetes and respiratory and cardiovascular diseases. Pharmacists 
have a key role in promoting self-care in the community, however their knowledge around strategies for 
refugees is poor. 
 
In this project a number of stages are proposed. The project has potential to be upgraded to a PhD.  
Stage 1- literature review of what is known about self-care amongst refugees. 
Stage 2- qualitative interviews amongst refugees of a specific ethnic background and pharmacists to 
develop an understanding of barriers and enablers of self-care promotion by pharmacists. 
  
To upgrade to a PhD it could have a number of elements 
Develop and evaluate a storytelling package to encourage refugees from specific ethnic/language 
backgrounds to increase engagement with self-care in the Australian context. 
Develop and evaluate resource materials for professional organisations to distribute to pharmacists to 
improve their understanding when connecting to refugees. 
 
Human ethics approvals will be required. 
 
References: 
Corby, M. (2010). Defining barriers to acceptance of westernized medicine among Montagnard refugees. 
Explorations, University of North Carolina Wilmington, 80-94. 
 
Paudyal V, MacLure K, MacKenzie M, Forbes-McKay K , Stewart D, Buchanan C, Wilson L,  
MacLeod J. Smith A. Self care amongst the homeless. A qualitative study of associated barriers and 
facilitators. International Journal of Pharmacy and Practice 2016; Supplement 3. 
 
Slewa-Younan, S., Mond, J., Jorm, A. F. Smith, M., Milosevic, D., Mohammad , Y., …  Uribe Guajardo, M. 
G.(2014). Mental health literacy in a resettled refugee community in New South Wales: Paving the way for 
mental health education and promotion in vulnerable communities, School of Medicine, University of 
Western Sydney, Sydney, Australia. 
 
Contact Details: 
Professor Ieva Stupans ieva.stupans@rmit.edu.au  
Professor Gerard Kennedy gerard.kennedy@rmit.edu.au  
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Examining the role of specific endothelial membrane proteins in 
mechanotransduction of shear stress 

Discipline of Human Bioscience 
Campus: Bundoora West 

 

PhD Project 
Project Description  
Shear stress associated with blood flow is a major determinant of vascular function and homeostasis. For 
example, endothelial cells lining arterial vessels adopt different morphologies according to the direction and 
magnitude of shear stress. Disturbance of flow due to abrupt changes in vessel geometry (i.e.  branching  
and  sharp  turns  of  vessels  or  stenosis)  is  likely  to  have  major consequences on cellular signalling 
and gene expression. Furthermore, disturbed flow patterns in the regions of stenosis can induce pro-
atherogenic phenotypes in endothelial cells. 
Different degrees of mechanical stress and blood flow dynamics regulate different aspects of immunity, 
cellular adhesion and migration, which are essential for the development of atherosclerosis, as well as in 
adaptive and innate humoral immunity. 
The aim of this project is to elucidate the mechanosensory complexes that are mediating the endothelial 
responses to blood flow dynamics, physiological as well as pathological, using advanced imaging 
techniques, microfluidics, animal models and clinical samples.  
This project provides an excellent opportunity to receive training in microfluidics, basic cell and molecular 
biology techniques such as immunoblotting, flow cytometry, fluorescence/confocal microscopy, intravital 
microscopy. The student will join a skilled research team in the field of platelet function and cardiovascular 
disease 
 
References: 
[1]. Baratchi S et al., Cell Mol Life Sci. 2016 Feb;73(3):649-66. doi: 10.1007/s00018-015-2018-8. Epub 

2015 Aug 20. 
[2]. Chen, Y.C er al., Circ Res, 2013. 113(3): p. 252-65. 
[3]. S. Baratchi S et al., Trends Mol Med. 2017 Aug 12. pii: S1471-4914(17)30125-9. doi: 

10.1016/j.molmed.2017.07.007. 
[4]. JD. McFadyen, Eur Heart J. 2017 May 17. doi: 10.1093/eurheartj/ehx258. [Epub ahead of print]PMID: 

28520938 
 
Contact Details: 
Dr. Sara Baratchi, Sara.Baratchi@rmit.edu.au (primary supervisor) 
Prof. Karlheinz Peter, Karlheinz.Peter@baker.edu.au (Joint primary supervisor) 
Dr. Khashayar Khoshmanesh, Khashayar.Khoshmanesh@rmit.edu.au (co-supervisor) 
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Mechanotransduction in blood cells and consequences for 
thrombosis and inflammation 

Discipline of Human Bioscience 
Campus: Bundoora West 

 

PhD Project 

Project Description 
The proposed project will study the effect of shear stress and mechanotransduction in blood cells, such as 
platelets and various immune cells to identify specific mechanoreceptors responsible for the regulation of 
platelet adhesion, activation and aggregation, and ultimately thrombus formation and haemostasis. 
Shear stress associated with blood flow is a major determinant of vascular function and homeostasis. 
Different degrees of mechanical stress and blood flow dynamics regulate different aspects of immunity, 
cellular adhesion and migration, which are essential for the development of atherosclerosis, as well as in 
adaptive and innate humoral immunity.  
In fact, there is a new area of research showing that changes in shear stress can control immune 
responses. However, definitive evidence showing how immunity is subject of the mechanical forces of 
blood flow is lacking. 
The aim of this project is to elucidate the mechanosensory complexes that are mediating the cellular 
responses to blood flow dynamics, physiological as well as pathological, using advanced imaging 
techniques, microfluidics, animal models and clinical samples.  
Human ethic and animal ethic is required.  
 
References: 
[1]. Baratchi S et al., Cell Mol Life Sci. 2016 Feb;73(3):649-66. doi: 10.1007/s00018-015-2018-8. Epub 

2015 Aug 20. 
[2]. H. Hosseini et al., J Am Heart Assoc. 2016 Nov 14;5(11). pii: e002947. 
[3]. S. Baratchi S et al., Trends Mol Med. 2017 Aug 12. pii: S1471-4914(17)30125-9. doi: 

10.1016/j.molmed.2017.07.007. 
[4]. JD. McFadyen, Eur Heart J. 2017 May 17. doi: 10.1093/eurheartj/ehx258. [Epub ahead of print]PMID: 

28520938 
 
Contact Details: 
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Chinese medicine treatment of primary dysmenorrhea: bedside to 
bench and back 

Natural Products Research Group 
Campus: Bundoora West 

 

PhD Project 
Project Description  
Dysmenorrhea, or period pain, is the most common gynaecological condition affecting young girls and 
women. Pain can be debilitating and can lead to absence from school or work. Treatment options include 
simple analgesics and non-steroidal anti-inflammatory drugs, the oral contraceptive pill and, in severe 
cases, opioid medications.[1] Response to treatment can vary, and some women seek out other treatments 
like Chinese herbal medicine (CHM), that are perceived to be more effective at treating the underlying 
cause rather than the symptoms.[2] 
 
The evidence for CHM for dysmenorrhoea is growing. A recent Cochrane review found promising evidence 
for the use of CHM in reducing menstrual pain in primary dysmenorrhoea.[3] Findings from a review of 
nationwide prescribing practices in Taiwan found that 54% of women with primary dysmenorrhea used 
CHM, with 92.2% of these women seeking out herbal medicine for their menstrual symptoms.[4] The review 
found that formulas Dang gui shao yao san (Dang gui and Peony formula), Jia wei xiao yao san (modified 
Bupleurum and Dang gui formula), and Wen jing tang (Dang gui and Evodia formula) were the three most 
commonly prescribed formulas. The prescribing practices of Australian practitioners of Chinese medicine 
(CM) for dysmenorrhoea are unknown. 
 
This project will identify the prescribing practices of Australian CM practitioners, evaluate the clinical trial 
evidence for the CHMs they use for dysmenorrhoea, and present the evidence back to practitioners to 
support their evidence-based practice. A questionnaire will be developed and piloted to identify the CHM 
treatments used by CM practitioners. After obtaining human ethics approval, the survey will be distributed 
nationally. The most frequently prescribed CHM formula will be selected for evaluation of efficacy and 
safety. A systematic review and meta-analysis of the formula will be conducted using the methods 
developed by the Cochrane Collaboration. The findings will be disseminated to practitioners through formal 
and informal methods.  
 
References: 
[1] Osayande AS, Mehulic S. Diagnosis and initial management of dysmenorrhea. Am 
Fam Physician. 2014 Mar 1;89(5):341-6. 
[2] Wong CL, Ip WY, Lam LW. Self-Care Strategies among Chinese Adolescent Girls 
with Dysmenorrhea: A Qualitative Study. Pain Manag Nurs. 2016 Aug;17(4):262-71. 
[3] Zhu X, Proctor M, Bensoussan A, Wu E, Smith CA. Chinese herbal medicine for primary 
dysmenorrhoea. Cochrane Database of Systematic Reviews 2008, Issue 2. Art. No.: CD005288. DOI: 
10.1002/14651858.CD005288.pub3. (Review) 
[4] Pan JC, Tsai YT, Lai JN, Fang RC, Yeh CH. The traditional Chinese medicine 
prescription pattern of patients with primary dysmenorrhea in Taiwan: a 
large-scale cross sectional survey. J Ethnopharmacol. 2014 Mar 14;152(2):314-9. 
 
Contact Details: 
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Dr Claire Zhang claire.zhang@rmit.edu.au 
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Clinical applications and mechanisms of action of Ban Xia Hou Po 
Tang: Literature reviews and computational analyses 

Campus: Bundoora West 
 

PhD Project 
Project Description  
Ban Xia Hou Po Tang (BXHPT; Hangekobokuto; Pinellia and Magnolia Bark Decoction) is a classical 
formula developed by Zhang Zhongjing (150-219), originally recorded in Jin Gui Yao Lue (Synopsis of 
Prescriptions of the Golden Chamber . This formula, consisting of five Chinese herbs, is indicated for cough 
with white sputum, nausea and vomiting, fullness sensation in the chest and hypochondria as well as 
globus hystericus [1]. In modern days, BXHPT is still widely used for a variety of clinical conditions such as 
chronic mild stress [2] and globus hystericus [3]. BXHPT has shown antidepressant effects in mice [4]. 
Globus hystericus, sometimes called Globus Pharynges, is characterised by a subjective sensation of a 
lump or mass in the throat with no abnormal physical finding in the throat. It is reported that approximately 
4% of new referrals to ear, nose and throat clinics due to this condition. In addition, 46% of healthy 
individuals also experience this condition with a peak incidence at their middle age. It is believed that many 
factors (such as psychological problems and stress) contribute to the development of globus hystericus. 
The mainstream treatment focuses on explanation and reassurance. Other treatments consist of anti-
depressants and cognitive behavioural therapy [5]. This research project proposes to explore BXHPT’s 
clinical applications through systematically reviewing the classical and modern literature as well as examine 
its mechanisms of action for globus hystericus using computational analyses and biotechnology methods. It 
is anticipated that a herb-compound-target network will be established and the findings will lead to potential 
drug discovery. Training on computational analyses of chemical compounds and target proteins will be 
provided to the research student. Computational methods will be employed to screen herbal compounds for 
potential activity against selected biomolecular targets, and to propose possible mechanisms of action of 
selected herbs. Homology modelling or fold recognition techniques will be used to construct proteins with 
no known experimentally-obtained structure. Automated docking will be used to screen libraries of herbal 
small-molecule ligands by predicting binding locations and approximate binding affinities. Complexes 
identified to be of potential importance will be examined by biophysical molecular simulations to elucidate 
the impact of ligand binding on the structures on protein targets, as well as implications for altering the 
functions of these proteins. 
 
References: 
[1]. Scheid, V., et al., eds. Chinese herbal medicine: Formulas & strategies. 2009, Eastland Press: 

Seattle, WA. 
[2]. Li, J.M., et al., Behavioral and biochemical studies on chronic mild stress models in rats treated with 

a Chinese traditional prescription Banxia-houpu decoction. Life Sci, 2003. 74(1): p. 55-73. 
[3]. Bo, P., et al., Clinical observations on 46 cases of globus hystericus treated with modified Banxia 

Houpo decoction. J Tradit Chin Med, 2010. 30(2): p. 103-107. 
[4]. Luo, L., et al., Antidepressant effects of Banxia Houpu decoction, a traditional Chinese medicinal 

empirical formula. J Ethnopharmacol, 2000. 73(1-2): p. 277-8. 
[5]. Lee, B.E. and G.H. Kim, Globus pharyngeus: A review of its etiology, diagnosis and treatment. 

World J Gastroenterol, 2012. 18(20): p. 2462-2471. 
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Engaging patients in the prevention and management of post-
operative nausea and vomiting  

Campus: Bundoora West 
 

PhD Project (conversion from a Master by research)  

Project Description 
This project involves assessing patient level of engagement and directly observing 400 surgical patients to 
understand how they manage post-operative nausea and vomiting (PONV).   
 
Surgery is a critical aspect of health care. Annually 2.5 million surgeries are performed in Australia. 
Managing complications and enhancing recovery after surgery are the key aspects of post-operative care. 
Patient engagement and collaboration are essential to facilitate patient safety and recovery. Internationally, 
patient engagement in direct health care, is considered the “holy grail” or “a blockbuster drug” of this 
century.1 Patient engagement is the No 2 Standard of the National Safety and Quality Health Service 
Standards, Australia. It requires “Partnering with Consumers”. A substantial body of literature of patients 
with chronic diseases shows enhanced patient engagement is associated with reduced hospital and 
emergence readmission.2 However there is sparse information about patient engagement in their direct 
health care in acute settings. A literature review of patients in acute care found patient involvement in the 
pre-, during- and post-surgical stages consistently came up as an important theme to patients’ experience.3 
Taking part in their own care or being denied of opportunities to be involved lead to different patient 
experience.  
PONV is common, and the incidence is 60 to 80% among surgical patients with moderate to high risks. 
Acupressure wristband has been found to be effective in preventing and managing PONV, and is now part 
of routine management plan for PONV at Northern Health. We found that some patients used acupressure 
wristband to manage their PONV whereas others did not. This project aims to examine if intra- and post-
operative use of acupressure wristbands improves patients’ engagement in their own care and PONV 
outcomes. The acupressure group will be compared with the non-acupressure group. Level of patient 
engagement will be assessed using a reliable and validated “Patient Activation Measure”.4 Patient 
engagement activities and their interaction with anaesthetists and nurses will be assessed through a well-
practiced and finely tuned direct observation technique. Clinical outcomes will be incidence of PONV and 
post-operative anti-emetics use.  
 
References:  
[1] Manary MP et al. N Engl J Med 368 (2013) 201.  
[2] Greene J, Hibbard JH. J Gen Intern Med 27 (2012) 520.  
[3] Harrison R et al. Patients' experiences in Australian hospitals. (2105) (www.saxinstitute.org.au)  
[4] Hibbard JH et al. Health Serv Res 40(6 Pt 1) (2005):1918. 
 
Contact details for further information:  
A/Prof Zhen Zheng (zhen.zheng@rmit.edu.au)  
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Designing a Small, Compressible Blood-Oxygen Exchange Device 
for Neonatal Cardio-respiratory Support 

Neurodevelopment and Disease Research 
Campus: Bundoora West 

 

PhD Project 

Project Description:  
The survival of the very preterm infant continues to present the neonatologist with significant physiological 
problems. One of the most important of these, and presently unavoidable, is the lung damage arising from 
urgent need to intubate and ventilate these infants who have immature and incompletely developed lungs.  
 
An alternative approach has been to develop an artificial placenta to oxygenate the blood, so that 
mechanical lung ventilation is not necessary. This successfully maintained goat fetuses for up to 3 weeks, 
but it failed to promote continued growth and organ maturation, and these fetuses remained incapable of 
independent life. It was also necessary to place these animal fetuses in a bath of mock amniotic fluid on the 
assumption that ‘fetus-like’ conditions should be maintained. (Unno et al, 1993; Kozuma S et al (1999). 
 
These approaches are unlikely to be adopted in clinical practice. In addition to the risk of infection, the high 
resistance of the extracorporeal circuit produces a lower than normal umbilical blood flow, requiring high 
partial pressures of oxygen to deliver sufficient oxygen to the fetus. This then induces closure of the ductus 
arteriosus (a fetal ‘shunt’ that must remain open), and also risks tissue damage due to ‘oxygen toxicity’. 
Problems also arise from the use of pumps to drive fetal blood through the extra-corporeal circuit; pumps 
cause small but progressive damage to red blood cells, resulting in the release of vasoactive substances 
that then necessitates the administration of vasodilator agents.  
 
Our proposal is to design a pump-less, low volume circuit based on the design of Rochow et al (2014), 
which incorporates multiple, small, rectangular silicon membrane gas exchangers connected in parallel, 
and stacked vertically. Our innovation is to incorporate one-way valves in the device, and to make it 
compressible to assist blood flow through the circuit. Significantly, each pulse of compression will be 
triggered by the neonate’s own ECG; the amplitude of each compression should be regulated by the arterial 
pressure generated by the fetal heart.  
 
The successful design of such of extracorporeal blood gas exchanger will have significant implications not 
only for the rescue of very preterm babies (who may be able to survive without intubation and mechanical 
lung ventilation), but for other areas of medicine where lung and kidney functions are critically 
compromised. 
 
References: 
 [1]. Kozuma S et al (1999) Goat fetuses disconnected from the placenta, but reconnected to an artificial 
placenta, display intermittent breathing movements. Biol Neonate. 75: 388-397.    [2]. Rochow N et al 
(2014) An integrated array of microfluidic oxygenators as a neonatal lung assist device: in vitro 
characterization and in vivo demonstration. Artificial Organs, 38: 856-866, 2014.    [3]. Unno N et al (1993) 
Development of an artificial placenta: survival of isolated goat fetuses for three weeks with umbilical 
arteriovenous extracorporeal membrane oxygenation. Artificial Organs, 17: 996-1003.  
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Creatine supplementation in the pregnant primate to prevent 
perinatal brain injury - a collaborative project with Oregon National 

Primate Research Center (ONPRC), Portland (OR), USA 
Neurodevelopment in Health & Disease 

Campus: Bundoora West 
 

PhD Project 
Project Description –  
Our extensive studies in pregnant laboratory animals (spiny mouse, sheep) lead us to propose that the 
incidence and severity of cerebral palsy can be dramatically reduced if women consume extra creatine 
during the latter stages of pregnancy. To test this proposal, under funding obtained from Cerebral Palsy 
Alliance, we will now study pregnant macaque monkeys to show that: (a) if extra oral creatine given to the 
mother results in creatine loading in the brain of neonates, and; (b) if this simple intervention protects the 
neonate’s brain against oxygen starvation at birth. Importantly, this primate study will also show that 
creatine supplementation is safe for the mother and baby, and will provide essential evidence justifying 
clinical trials in pregnant women. 

Specific and specialist training in the monitoring of pregnant macaque monkeys, procedures for inducing 
acute hypoxia and birth, and the monitoring and care of the macaque neonate for up to 5 days after birth - 
will be given by the trained  staff already engaged in the project at ONPRC. 

Ethical approval for this project has already been obtained by a NIH-approved committee at ONPRC. 

References: 
Dickinson H, Bain E, Wilkinson D, Middleton P, Crowther CA, Walker DW. Creatine for women in 
pregnancy for neuroprotection of the fetus. The Cochrane Library. 2014. 
 
Ellery SJ, Ireland Z, Kett MM, Snow R, Walker DW, Dickinson H. Creatine pretreatment prevents birth 
asphyxia-induced injury of the newborn spiny mouse kidney. Pediatric research. 2012; 73(2):201-8. 
 
Grigsby PL, Novy MJ, Sadowsky DW, Morgan T, Long MC, Acosta E and Waites KB (2012). Maternal 
Azithromycin therapy for Ureaplasma intra-amniotic infection delays preterm delivery and reduces fetal lung 
in a primate model. Am J Obstet Gynecol. 2012; 207:475.e1-475.e14.  
 
Gualano B, Roschel H, Lancha-Jr AH, Brightbill CE, Rawson ES. In sickness and in health: the widespread 
application of creatine supplementation. Amino Acids. 2012: 1-11. 
 
Ireland Z, Castillo-Melendez M, Dickinson H, Snow R, Walker D. A maternal diet supplemented with 
creatine from mid-pregnancy protects the newborn spiny mouse brain from birth hypoxia. Neuroscience. 
2011;194:372-79. 
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Gut dysfunction in autism: Cellular function and neurochemical 
signatures in the mouse colon  

 
Neurodevelopment and Disease Research Program 

Campus: Bundoora West 
 

PhD Project 

Project Description 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects 1 in 68 children. ASD is 
diagnosed by social communication deficits and repetitive behaviour and is five times more common in 
males. Many gene mutations that alter neuronal communication, including in the Nlgn3 gene encoding 
Neuroligin-3 (1, 2) have been identified in patients. Many ASD patients display gastrointestinal dysfunction 
however the cause is unknown. The Enteric nervous system (ENS) is the intrinsic nervous system of the 
gut and mediates gastrointestinal secretion and motility. The ENS contains neurons with different 
neurochemical coding arranged in two ganglionated plexuses along the length of the gastrointestinal tract. 
We hypothesise that changes in the ENS due to autism-associated gene mutation contribute to gut 
problems in ASD.  
 
We will study the Neuroligin-3R451C mouse model of autism which expresses a missense mutation identified 
in ASD patients. These mice demonstrate altered gastrointestinal motility in response to drugs that 
modulate the GABAA receptor. Although the GABAA receptor is well studied in brain, its function is gut is 
unclear. In this project whole cell patch clamp electrophysiological techniques (3) will be used to determine 
the properties of wild type and NL3R451C mutant enteric neuronal properties in the mouse colon.  
 
We aim to: 
1. Characterise enteric neurons based on functional parameters using whole cell patch clamp 
electrophysiological recordings combined with single cell RT-PCR and immunocytochemistry for neuronal 
markers.  
2. Identify neurochemical profiles of cells responding to GABAA receptor modulators.  
3. Assess whether the major neuronal subtypes present in wild type ENS are altered in the NL3R451C mouse 
model of autism.  
 
Outcome measures include: 
Functional assessment of enteric neurons including amplitude of responses to GABA and other locally 
applied drugs.  
Morphology of neurons based on cell filling with biocytin contained in the recording pipette.  
Gene expression of individual neurons based on cytoplasm aspiration and PCR  
Novel information on enteric neuronal subtypes 
Novel information on the role of GABA in the ENS. 
 
This research will demonstrate the role of the R451C mutation in gut dysfunction in an animal model of 
ASD. By the end of their candidature the student will be well-versed in tissue preparation techniques, 
enteric neurophysiology, immunohistochemistry, rt-PCR and other laboratory techniques as needed, data 
collection, analysis, interpretation and write up.  
Animal ethics required. All specialist training will be provided.  
 
References: 
1. Südhof TC. Neuroligins and neurexins link synaptic function to cognitive disease. Nature. 2008 Oct 

16;455(7215):903-11. doi: 10.1038/nature07456.  
2. Jamain S, Quach H, Betancur C, Råstam M, Colineaux C, Gillberg IC, Soderstrom H, Giros B, Leboyer M, Gillberg 

C, Bourgeron T; Paris Autism Research International Sibpair Study. Mutations of the X-linked genes encoding 
neuroligins NLGN3 and NLGN4 are associated with autism. Nat Genet. 2003 May;34(1):27-9. 

3. Osorio N, Delmas P, Jones PA. Patch clamp recording from enteric neurons in situ. Nat Protoc. 2011 Jan;6(1):15-
27.  

Contact Details: 
Principal supervisor: Dr Elisa Hill 
Associate supervisors: Dr Paul Bertrand paul.bertrand@rmit.edu.au  
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Investigating gastrointestinal dysfunction in autism: identifying 
changes in gut motility in Neuroligin-3R451C mice 

 
Neurodevelopment and Disease Research Program 

Campus: Bundoora West 
 

 PhD/Masters Project 

Project Description 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects 1 in 68 children. ASD is 
diagnosed by social communication deficits and repetitive behaviour and is five times more common in 
males. Many gene mutations that alter neuronal communication, including in the Nlgn3 gene encoding 
Neuroligin-3 (1, 2) have been identified in patients. Many ASD patients display gastrointestinal dysfunction 
however the cause is unknown. The Enteric nervous system (ENS) is the intrinsic nervous system of the 
gut and mediates gastrointestinal secretion and motility. The ENS contains neurons with different 
neurochemical coding arranged in two ganglionated plexuses along the length of the gastrointestinal tract. 
We hypothesise that changes in the ENS due to autism-associated gene mutation contribute to gut 
problems in ASD.  
 
We will study the Neuroligin-3R451C mouse model of autism which expresses a missense mutation identified 
in ASD patients. These mice demonstrate altered gastrointestinal motility in response to drugs that 
modulate the GABAA receptor. Although the GABAA receptor is well studied in brain, its function is gut is 
unclear. In this project video imaging of spontaneous colonic motility and whole cell patch clamp 
electrophysiological techniques (3) will be used to identify changes in gut function in wild type and NL3R451C 
mutant mice.  
 
We aim to: 
1. Investigate for changes in motility (colonic and small intestine) in wild type and NL3R451C mice using video 
imaging and whole animal transit x-ray analysis; with a specific focus on the role of GABAA and 
glutamatergic receptors.   
2. Confirm altered expression in receptor subunits in wild type and NL3R451C mice proximal and distal 
colon and small intestine using qPCR and potentially RNASeq 
3. Investigate enteric neuronal responses to GABAA and glutamate modulators using whole cell patch 
clamp electrophysiology.  
 
Outcome measures include: 
Functional neurophysiological assessment of gut motility changes in the presence of a nervous system 
mutation associated with autism 
Functional responses of enteric neurons including amplitude of responses to GABA and other locally 
applied drugs. Novel information on enteric neuronal subtypes and the role of GABA in the ENS 
This research will demonstrate the role of the R451C mutation in gut dysfunction in an animal model of 
ASD. By the end of their candidature the student will be well-versed in tissue preparation techniques, 
enteric neurophysiology, immunohistochemistry, rt-PCR and other laboratory techniques as needed, data 
collection, analysis, interpretation and write up.  
Animal ethics required. All specialist training will be provided.  
 
References: 
1. Südhof TC. Neuroligins and neurexins link synaptic function to cognitive disease. Nature. 2008 Oct 
16;455(7215):903-11. doi: 10.1038/nature07456.  
2. Jamain S, Quach H, Betancur C, Råstam M, Colineaux C, Gillberg IC, Soderstrom H, Giros B, Leboyer M, Gillberg 
C, Bourgeron T; Paris Autism Research International Sibpair Study. Mutations of the X-linked genes encoding 
neuroligins NLGN3 and NLGN4 are associated with autism. Nat Genet. 2003 May;34(1):27-9. 
3. Osorio N, Delmas P, Jones PA. Patch clamp recording from enteric neurons in situ. Nat Protoc. 2011 Jan;6(1):15-
27.  
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Neuro-immune interactions in a mouse model of autism 
 

Neurodevelopment and Disease Research Program 
Campus: Bundoora West 

  

PhD/Masters Project 
 

Project Description 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects 1 in 68 children. Although 
ASD is diagnosed by social communication deficits and repetitive behaviour, inflammatory disorders are 
also commonly reported. The precise aetiology of ASD is unknown, however, mutations in many gene 
mutations encoding synaptic proteins have been identified in patients (1). The gut houses the largest 
immune system in the body and the nervous and immune systems communicate in a bidirectional manner. 
The integrity of the mucosal barrier is critical for gut homeostasis and is partly regulated by the intrinsic 
nervous system of the gut; the enteric nervous system (ENS). A mutation in the gene encoding the 
Neuroligin-3 synaptic protein (NL3 R451C) was identified in autism patients (2) NL3R451C mice (3) 
expressing this mutation display behaviours relevant to ASD, gut dysfunction and preliminary data suggests 
that these mice also have altered immune pathways. We hypothesis that mutations in genes encoding 
synaptic proteins disrupt the immune system in ASD. 
 
Data from the current laboratory show that NL3R451C mice bred on a mixed background stain (mb; C57/Bl6-
Imj-Sv129) have altered colonic motility, increased small intestinal neuronal proportions and faecal 
microbial dysbiosis. NL3R451C mice bred on a pure C57/Bl6 (B6) strain also have reduced caecal weight and 
Peyer’s patch cells secrete higher levels of the innate immunity modulator, NGAL (neurophil gelatinase-
associated lipocalin/lipocalin 2) compared to WT. Preliminary data also suggest that B6NL3R451C mice have 
altered proportions of immune cell classes in Peyer’s patch gut-associated lymphoid tissue.  

We aim to: 
1. Investigate changes in inflammatory mediators in the NL3R451C mouse model of autism using Fluorescent 
activated cell sorting (FACS), immunocytochemistry and qPCR in cell and blood samples.    
2. Correlate gut microbial population profiles with spatiotemporal location in wild type and NL3R451C mice 
using bioinformatic analysis techniques including predictive function analysis.  
3. Assess for changes in innervation of gut-associated lymphoid tissue in wild type and NL3R451C mice 
 
Outcome measures include: 
Characterisation of immune marker changes resulting from a nervous system mutation associated with 
autism 
Identification of differences in microbial populations in different gut regions 
Characterisation of microbial populations in wildtype and mutant mice 
Characterisation of innervation of gut-associated lymphoid tissue (i.e. Peyer’s patches) in the mouse small 
intestine. 
 
This research will demonstrate the role of the R451C nervous system mutation in immune function in an 
animal model of ASD. By the end of their candidature the student will be well-versed in tissue preparation 
techniques, histological staining, immunohistochemistry, bioinformatics analysis in R, rt-PCR, live cellular 
assays, and other laboratory techniques as needed, data collection, analysis, interpretation and write up.  
Animal ethics required. All specialist training will be provided.  
 
References: 
Südhof TC. Neuroligins and neurexins link synaptic function to cognitive disease. Nature. 2008 Oct 16;455(7215):903-
11. doi: 10.1038/nature07456.  
Jamain S, Quach H, Betancur C, Råstam M, Colineaux C, Gillberg IC, Soderstrom H, Giros B, Leboyer M, Gillberg C, 
Bourgeron T; Paris Autism Research International Sibpair Study. Mutations of the X-linked genes encoding neuroligins 
NLGN3 and NLGN4 are associated with autism. Nat Genet. 2003 May;34(1):27-9. 
Tabuchi K, Blundell J, Etherton MR, Hammer RE, Liu X, Powell CM, Südhof TC. A neuroligin-3 mutation implicated in 
autism increases inhibitory synaptic transmission in mice. Science. 2007 Oct 5;318(5847):71-6. 
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Developing an interactive powder model for enhancing dissolution 
of poorly water-soluble drugs 

Drug Delivery Research team – Pharmacy Discipline  
Campus: Bundoora West 

 

Masters Project 
Project Description  
The number of insoluble drug candidates has increased in recent years, with almost 70% of new drug 
candidates showing poor water solubility and therefore potential dissolution and bioavailability [1]. 
Advances in this area suggested that the addition of ternary additive such as calcium phosphate (CP) into 
indomethacin interactive mixture resulted in enhanced dissolution [2-3]. There is some indication that this 
enhancement could be due to reduced powder agglomerate strength [2]. However, there are still some 
unanswered questions: what are the optimum size and ratio for the additive in this mixture, whether there is 
a direct relationship between the powder flow and the enhanced dissolution and whether this model can be 
applied to other poorly water-soluble drugs? 
Carotenoids in human diet are mainly used as precursors of Vitamin A and as antioxidants [4]. The high 
hydrophobicity of carotenoids makes them insoluble in aqueous systems, and therefore they have a poor 
intake in the body. Currently, oily form and powdered commercially available forms of the -carotene with 
wide range of bioavailability [5]. Overcoming this difficulty could open a new window of developing the 
carotenoid formulation with enhanced drug release.  
In this project, the effect of CP size and ratio on the dissolution of indomethacin from Indomethacin-CP 
binary mixtures as well as the powder strength distribution will be studied. The project aims to propose a 
model of enhanced dissolution of drug by the addition of optimum size and ratio of excipient to other poorly 
water-soluble drugs in interactive mixtures. Indomethacin and CP particles will be micronised using a jet 
fluid energy mill and using spray drying. Micronised CP particles will be classified into three sizes (< 5 m, 
5-10 m a nd 10-15 m) u             
measurement will be done using particle sizer. 10 g each of binary mixtures from Indomethacin:CP will be 
prepared using the following ratios: 10:1, 5:1, 1:1, 1:5 and 1:5. The dissolution of these mixtures will be 
conducted by a dissolution apparatus connected to a UV-visible spectrophotometer using a USP paddle 
method. The powder flow of each mixture will be measured using the texture probe analyser. The 
measured powder flow will be done to study the correlation between the enhancement of dissolution and 
the potential decrease in powder strength by enhanced powder flow. The previous optimised model will be 
used on another poorly water-soluble drug (powdered carotenoid oil) using the same methods and with the 
optimum size and ratio of the excipient.  
The main research objectives was therefore to develop a drug-excipient model with optimized size and ratio 
that can show enhanced dissolution of poorly water-soluble drug models and to study the relationship 
between this enhancement and the decrease in powder strength distribution of that model by relating this to 
powder flow.  
 
The outcomes of this study can be summarised in the following points: 
1. Indomethacin-CP with optimum CP size and ratio will have enhanced dissolution. 
2. Optimising the method of preparing the micronized drug model by spray drying or milling. 
2. The enhanced dissolution of the optimum size and ratio of CP in indomethacin-CP mixture will have 

decreased powder strength related to the powder flow. 
3. The developed model for the Indomethacin-CP mixture with good correlation between dissolution 

and powder strength is applicable to other poorly water-soluble drugs such as -carotene. 
• Include any specific or specialist training required: Not required 
• Note any ethical concerns that need to be addressed e.g. if human ethics or animal ethics approval 

is required: Not required 
References: 
[1] Y Kawabata et al. Int J Pharm, 420 (2011), pp. 1-10 
[2] A Allahham et al., 2013, International Journal of Pharmaceutics, 457: 101-109. 
[3] T Tay et. al., 2011, European Journal of Pharmaceutics and Biopharmaceutics, 79: 674-682. 
[4] T Grune et al., (2010). The Journal of Nutrition, 140(12), 2268S–2285S. 
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Aerosol delivery of a novel therapy to improve neurological outcomes 
following fetal growth restriction  

 
Neurodevelopment in Health and Disease Research Program 

Campus: Bundoora West 
 

PhD / Masters Project 
 

Project Description:  
Fetal growth restriction (FGR) occurs in 5-10% of pregnancies and is a leading cause of perinatal morbidity 
and mortality [1]. FGR is defined as the failure of the fetus to reach its genetic growth potential and can 
occur when there is an inadequate supply of oxygen and nutrients to the fetus because of poor placental 
function. Surviving growth–restricted babies can have abnormal brain development [2] and an increased 
risk of learning difficulties, intellectual and cognitive deficits, motor deficits, cerebral palsy and autism [3]. 
We have identified a novel thyroid hormone analogue that can potentially repair brain injury and reduce the 
morbidity associated with FGR.  
The overall aim of this project is to develop, optimize and validate an alternate and non-invasive mode of 
drug delivery using core technology developed by Prof Leslie Yeo at RMIT.  This is a portable, handheld 
device that enables the aerosolisation of drugs for delivery via inhalation to the nose or lung. For the first 
time, this technology will be used to aerosolise the thyroid hormone analogue, optimize the dosing regimen 
based on biodistribution studies, and test its safety and efficacy in our established and validated animal 
model of FGR. Our specific aims are: 1) To show that the thyroid hormone analogue can be nebulised, 
and then administered as an aerosol; 2) To show that this method of administration gives in vivo 
concentrations consistent with biological effect; 3) To show that the thyroid hormone analogue administered 
as an aerosol to newborn FGR offspring improves brain structure and long-term neurobehaviour. 

This project will use a rodent model of FGR where we ligate the uterine vessels at mid-pregnancy to restrict 
blood flow and nutrient supply to fetuses [4]. Controls are generated from pregnancies where the uterine 
artery is not ligated. We will then deliver the aerosolised thyroid hormone analogue (or vehicle) to control 
and FGR offspring after birth. The brains will then be collected and assessed using histological, 
immunohistochemical and molecular techniques. Separate cohorts of offspring will be grown to 
adolescence and assessed using a suite of neurobehavioral tests.  

This project will provide the essential preclinical animal data to show that we have a new drug, and a novel 
method of application (aerosol) that will transform neonatal practice, and provide a treatment for a serious 
disease (brain injury) that is currently without a therapy. If successful, this will have worldwide applicability, 
and because it is ‘low tech’, it will be suitable for all levels of medical care (1st & 3rd world). By the end of 
their candidature students will have expertise in small animal surgery and handling, aerosol drug delivery 
techniques, drug biodistribution, neurobehavioural assessment, tissue collection, processing and 
sectioning, histology, immunohistochemistry, qPCR, image analysis, data analysis, interpretation, statistics 
and scientific writing. All specialist training will be provided.  

References: [1] Bernstein, I. M., et al, Am J Obstet Gynecol 182 , 198-206 (2000). [2] Tolcos, M. et al. Prog 
Neurobiol 154, 62-77 (2017). [3] Geva, R., et al. Pediatrics 118, 91-100 (2006). [4] McDougall, A. et al. Dev 
Neurosci 39(1-4), 215-227 (2017). 
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Project Title: Developing a Bioactive Quality Control Framework for 
Kakadu Plum 

 
Indigenous Health Research Group 

Campus: Bundoora West 
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Project Description  
Background 
Kakadu plum (Terminalia ferdinandiana) is one of the important traditional fruits in the Australia 
Aboriginal diet, particularly within certain tribes in central Arnhem land who regard the fruit more as a 
medicine than a food (1,2). Chief Supervisor Dr Daniel Sze has previously published his findings (3-6) 
that certain fractions of the Kakadu Plum crude extracts exhibit strong anti-inflammatory, anti-oxidative 
and pro-apoptotic properties. However, extracts such as these show batch-to-batch inconsistency that is 
often seen in translating the complex-mixtures present in traditional medicines into health-enhancing 
consumer products. To address this, D r  Sze a n d  h i s  t e am  has developed a QPAR (quantitative-
pattern-activity-relationship) chemometric approach to identify the multiple chemical ingredients and 
relate them to the numerous biological mechanisms of action (7). 
This research will also build on the previous successful RMIT School of Health and Biomedical Sciences 
Transitional Seed Grants for Teaching and Research Staff (2017) titled: “Chemometric Analysis to Identify 
Bioactivity-Related Chemical Quality Control Markers in Kakadu Plum Extracts” (Sze, Dias & Chan). In this 
PhD project, Prof Eddie Pang & Dr Daniel Dias will contribute to the chemical fingerprinting aspect; Dr 
Bryce Feltis & Dr Vincent Chan will supervise the bioactivity-based experimental platforms relating to anti-
oxidative and anti-inflammatory activities; and Dr Daniel Sze and Dr Alex Ng will be responsible for the 
chemometrics aspect. A/Prof Aunty Kerrie will be supporting the documentation of the traditional usage of 
the Kakadum plum and advice on the provision of the Kakadu plum. 
 
Aims and Hypothesis 
The aims of this project are to develop a Bioactive Quality Control framework for Kakadu plum through 
mapping their chemical fingerprinting and relating these compounds to bioactivities present in the extracts 
by chemometrics. The hypothesis is that there are several compound classes that may work 
synergistically or alternately suppress specific bioactivities. 

PhD Research Plan 
1. Different Kakadu plum whole fruit crude preparations under a range of extraction conditions for 
chemical fingerprinting  
2. Bioactivity data on the anti-inflammatory and anti-oxidative properties of each whole extract will be 
determined using established, robust bioactivity platforms (8) and assays. 
3. Chemometric framework models will be constructed to calculate the multiple key chemical 
metabolites that contribute to specific bioactivities, either synergistically or suppressively, leading to the 
establishment of a bioactive quality control framework. 

Significance and Innovation 
This research project provides an innovative multi-disciplinary approach through evidence-based research 
with the ultimate aim of standardising Kakadu plum extracts for health enhancement and improved batch 
consistency. The identification of key bioactive natural products in complex mixtures of Kakadu plum will 
provide critical knowledge of bioactive quality control markers may pave the way for future pre-clinical 
studies or translational phase 1 human clinical studies.  
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Project Description  
We pioneered in employing nano-materials for radio-sensitization (dose enhancements). The outcome of 
our research combined with data from other researchers around the world clearly shows that significant 
sensitization or radiation dose enhancements can only be obtained at low energy radiations. All currently 
known such nanoparticles investigated for radio-sensitization are of metallic atoms of high atomic numbers 
such as gold. This leads us to propose a compound nano-structure to be combined with a photodynamic 
based molecule. This compound upon exposure ionising radiations will cause the metallic atoms to 
generate light via fluorescence and this light will activate the molecule and generates reactive oxygen 
hence the whole structure will enhance radiotherapy and also will act as a photodynamic agent. Moreover, 
we propose and for the first time, to conjugate the whole nano-compound with a small 5FU chemotherapy 
agent to enhance radiotherapy and activate photodynamic therapy and will let the chemo-agent act to 
inhibit the repair of the DNA .   
The prospective student is required to have Specific and specialist training in the synthesis of nano-
particles and radiation applications. Also they will be trained in radiation dosimetry and radiation protection. 

Ethical approval for this project is not required.  

References: 
[1] D. L. Hershman, et al., Oncology, 2009, 23, 227. 
[2] P. P. Connell, et al., Cancer Res., 2009, 69, 383. 
[3] D. Wu, et al., Curr. Nanosci., 2011, 7, 110. 
[4] M. Alqathami, M. Geso et al., Int. J. Rad. Oncol. Biol. Phys., 2012, 84, e549. 
[5] S. S. Wang, et al., Cancer J., 2002, 8, 154. 
[6] Y. Osakada, et al., Chem. Commun., 2013, 49, 4319. 
[7] K. Ishii, Coordin. Chem. Rev., 2012, 256, 1556. 
 
Contact Details: 
Principal supervisor: A/Professor Moshi Geso moshi.geso@rmit.edu.au  
 

mailto:moshi.geso@rmit.edu.au

