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1.30 pm – 3.30 pm Symposium 2A 
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Cardiac Bioengineering 
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Plenary Lecture 1 
 
Medical ultrasound technology: Evolution from pulse-echo to acoustic radiation force 

Mostafa Fatemi 
Department of Physiology and Biomedical Engineering, Mayo Clinic College of Medicine, Rochester, MN 
USA 
 
Traditional medical diagnostic ultrasound has evolved from a simple imaging tool to a more sophisticated 
technology that involves quantifying tissue properties at the molecular to organ level. Conventional 
ultrasound imaging technology is based on the so-called “pulse-echo” principle, that is, the image is formed 
by transmitting pulses and receiving the echoes, very much like the technique used in sonar since the first 
half of 20th century. A recent trend in diagnostic ultrasound is to use the “radiation force” of ultrasound to 
induce motion in tissue and observe the response. This approach has been proven to be able to provide 
valuable diagnostic information about tissue construct and its mechanical properties. After an introduction 
on the trend of diagnostic ultrasound, this talk will focus on the theory and biomedical applications of 
ultrasound radiation force. Particular attention will be paid to imaging and viscoelasticity estimation using 
this approach. Specific examples, such as evaluation of bladder compliance, will be discussed in more detail. 

Plenary Lecture 2 
 

The blood-brain barrier: An interface in the neuroimmune and neuroendocrine systems 

William A. Banks 
Geriatrics Research Education and Clinical Center, Veterans Affairs Puget Sound Health Care Center and 
Division of Gerontology and Geriatric Medicine, Department of Medicine, University of Washington School 
of Medicine, Seattle, WA, USA  
 
The blood-brain barrier (BBB) is often misperceived as a rigid wall separating the blood stream and the 
peripheral tissue it nourishes from the central nervous system (CNS).  Although the vascular blood-brain 
barrier, which results from modifications to the capillary that nourishes the brain, does prevent the 
unregulated leakage of substances between the blood stream and the CNS, it also controls the highly 
regulated exchange of nutrients, vitamins, electrolytes, toxins, xenobiotics, and informational molecules that 
does occur between the blood and the brain.  The exchange of informational molecules (e.g., peptides and 
regulatory proteins) and its regulation means that the BBB is the basis for a humoral communication that 
occurs between the CNS and peripheral tissues.  This lecture will explore two concrete examples of this 
humorally based brain-body communication.  The first will focus on how neuroinflammation alters BBB 
transport systems, including those important in the progression of alzheimer’s disease.  The second will 
examine how the BBB controls the brain’s monitoring of caloric reserves and how impaired transport 
contributes to obesity. 
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Symposia Abstracts 

Symposium 1A: Mechanisms of Signalling across the Blood Brain Barrier 
 

S1A.1  

Role of the blood-brain barrier in the evolution of feeding and cognition 

William A. Banks 
Geriatrics Research Education and Clinical Center, Veterans Affairs Puget Sound Health Care Center and 
Division of Gerontology and Geriatric Medicine, Department of Medicine, University of Washington School 
of Medicine, Seattle, WA, USA  
 
The blood-brain barrier (BBB) has evolved to have many functions, including the regulation of the exchange 
between the blood and the brain of informational molecules, such as peptides and regulatory proteins.  One 
area in which the BBB plays a prominent role is the transport of gastrointestinal hormones into the brain. 
These hormones convey information about peripheral events to the CNS.  For example, serum leptin levels 
correlate with the amount of adipose tissue that an individual has.  Leptin is transported into the brain by a 
saturable system and there regulates the expenditure of calories. The relation between CNS and serum leptin 
levels is non-linear with saturation of the transporter at levels seen in obesity.  The most linear portion of the 
curve (and therefore the portion of the curve that is most efficient in conveying peripheral information to the 
brain) occurs at very low levels of leptin.  Such low levels of leptin are not seen normally in Western 
civilization but are typical of animals living in the wild and are the levels at which leptin tends to shift 
caloric expenditures away from feeding motivated behaviors to those related to reproduction, immune 
system maintenance, and neurogenesis.  Effects on cognition, synpatogenesis, and neuronal protection are 
common among the gastrointestinal hormones; leptin, insulin, amylin, CCK, GLP, ghrelin, and many others 
have these effects.  We postulate that these effects on brain function evolved directly from the regulatory 
and informational aspects that these hormones possess due in part to their abilities to be transported across 
the BBB. 
 

S1A.2  

Hormone and metabolite signaling in the circumventricular organs 

Alastair V. Ferguson 
Department of Biomedical and Molecular Sciences, Queen’s University, Kingston, Canada  
 
Central nervous system (CNS) structures involved in the regulation of energy balance gather information 
from the variety of different peripherally derived signaling molecules that we now believe provide an 
integrated perspective of energy status of the organism.  However, the existence of the blood brain barrier 
means that the CNS is theoretically unable to directly monitor many of these circulating signals such as 
adiponectin, amylin, cholecystokinin (CCK), glucose, ghrelin, leptin, and peptide YY (PYY) which do not 
freely diffuse across this barrier. A number of mechanisms have been suggested to play important roles in 
facilitating the ability of the CNS to monitor this essential sensory information. My presentation will 
describe briefly potential roles of vagal afferent signaling and peptide transporters in providing access routes 
for such information transfer, but will focus primarily on the potential roles of specialized CNS structures 
which lack the blood brain barrier known as the sensory circumventricular organs (CVOs). In particular I 
will highlight the complex sensory abilities of single CVO neurons in sensing multiple satiety signals and 
also describe the efferent projections of these neurons to essential autonomic control centres behind the 
blood brain barrier.  
 

S1A.3 

Prolactin transport into the brain does not require the prolactin receptor 



5 
 
 

Rosemary S. E. Brown1, William A. Banks2, David, R Grattan1 

1Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin; 2Veteran 
Affairs PSHCS and Department of Medicine, University of Washington School of Medicine, Seattle, USA 
 
The anterior pituitary hormone, prolactin, crosses the blood-brain barrier (BBB) to exert critical 
physiological functions in the brain. However, the mechanism by which prolactin enters the brain is not 
completely understood. As a relatively large 23 kDa polypeptide, prolactin is likely to require a transporter 
to cross the BBB and gain access to the brain. Prolactin is found in the cerebrospinal fluid (CSF), and levels 
in the CSF parallel those found in the blood.  Extremely high levels of prolactin receptor are found in the 
choroid plexus, and it has been hypothesised that this receptor in the choroid plexus may serve as a 
transporter by binding to prolactin in the blood and secreting it into the CSF. We aimed to test this 
hypothesis by measuring the transport of 125I-labelled prolactin into the brain of mice lacking the prolactin 
receptor (Prlr-/-) compared to wild-type controls (Prlr+/+). We found that there was no change in the rate of 
125I-labelled prolactin transport into the brain in Prlr-/- mice, compared to control mice. The transport of 
prolactin into the brain was saturable, with transport effectively blocked by unlabelled ovine prolactin.  A 
very high dose of prolactin (1 mg prolactin injected, achieving blood levels 726.6 µg/ml prolactin) was 
required to block transport, however, suggesting that transport is unlikely to be saturated even at 
pathological levels of hyperprolactinaemia. These data suggest that the prolactin receptor is not required for 
transport of prolactin into the brain, but this function involves another, as yet unidentified, transporter 
molecule. 
  
S1A.4 

Delivering drugs to the brain via the Blood Brain Barrier 

Ian G. Tucker 
School of Pharmacy, University of Otago, Dunedin 
  
Delivery of drugs at pharmacological levels to the brain is challenging, although clearly not impossible, 
given that there are drugs in the clinic for CNS disorders such as depression, anxiety, psychosis, epilepsies 
and degenerative disorders. Nevertheless, there are CNS disorders that are currently untreated, and many 
potentially useful drugs, both small organic molecules and large biologics, are excluded from the brain by 
the selectively permeable Blood Brain Barrier (BBB). Small lipophilic drug molecules probably cross the 
BBB by passive diffusion, if they are not effluxed from endothelial cells by efflux transporters (eg Pgp). 
Small hydrophilic molecules (eg L-Dopa) are delivered by transporters (eg LAT-1). Such transporters are 
stereospecific and regulated, sometimes by the drug itself.  Delivery of large biopharmaceutical molecules 
(eg mAb) via an intact BBB is particularly challenging.  One possible approach is the so-called Trojan 
horse, that is entrapping the biopharmaceutical in a colloidal carrier (eg liposome) tagged with a natural 
ligand for which there is a high capacity transporter on the BBB (eg transferrin). Alternatively, fusion 
molecules comprising the bioactive protein and ligand have been investigated. Some researchers have 
treated the surface of colloidal particles so that they, fortuitously, adsorb selected plasma proteins (eg apoE) 
and are then taken across the BBB via receptor mediated transcytosis (eg with LDLR). Given the central role 
of transporters in drug delivery via the BBB, their regulation and function is likely to be an important 
determinant of drug concentrations in the CNS and hence of efficacy. This presentation will discuss issues 
relevant to the delivery of small molecules to the brain and some of the strategies for biopharmaceuticals. 

Symposium 1B: New Trends in Respiratory Therapies 
 

S1B.1 

New directions in the treatment of sleep apnea 

Raphael Heinzer 
Centre for Investigation and Research in Sleep (CIRS), Pulmonary Department, Lausanne University 
Hospital, Lausanne, Switzerland 
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Obstructive sleep apnea (OSA) is a highly prevalent disease affecting millions of patients worldwide. OSA 
patients are at increased risk for poor neurocognitive performance and medical disorders, due to repeated 
arousals and/or hypoxemia during sleep over months to years. In addition, severe untreated OSA has been 
associated with increased all-cause and cardiovascular mortality as well as an 8 fold increase in car accidents 
due to daytime sleepiness. OSA is due to a mechanical obstruction of the upper airway which tends to 
collapse during inspiration. A short awakening from sleep is required to stimulate upper airway muscle and 
re-establish the upper airway patency. The most common treatment for OSA is “continuous positive airway 
pressure” or “CPAP”, which acts as a pneumatic splint preventing the upper airway from collapsing during 
sleep. This treatment is however difficult to tolerate for many patients, which stimulates medical researchers 
and engineers to search for new ways to treat this disease. There are currently three main directions being 
explored to develop new treatments for OSA: 1) Positional therapy since some patients tend to have sleep 
apnea only when the lay on their back. 2) Lung volume increase because lower lung volume is associated 
with a higher upper airway collapsibility, and 3) Breathing control with drugs aiming at stabilizing the 
respiratory loop gain. 
 
S1B.2 

Nasal high flow as one of the new emerging respiratory therapies 

Stanislav Tatkov 
Fisher and Paykel Heathcare, New Zealand 
 
Over the last few years, the use of Nasal High Flow as a form of respiratory support has been increasing. 
Delivering of respiratory gases at high flow rate through cannulae into the nasal cavity has been shown to 
assist ventilation in the acute setting, in patients with chronic respiratory failure and in sleep disordered 
breathing. Effects on ventilation are sleep/awake state dependent and may vary in different patient groups. 
Mechanisms of the ventilatory assistance of Nasal High Flow, however, are not fully understood but can be 
explained mainly by clearance of anatomical dead space and delivery of positive airway pressure. Pressure 
profile is modulated by the breathing cycle and with the dead space clearance makes this form of respiratory 
therapy very different from any other type of positive airway pressure support delivered with a mask. 
 

S1B.3 

Pressure oscillations - Success in lung therapy  

Ahmed Al-Jumaily 
Institute for Biomedical Technologies, Auckland University of Technology 
 
In recent years pressure oscillations (PO) superimposed on the breathing cycle has been an innovative and 
effective way for treating several lung ailments including asthma and respiratory distress syndrome. While 
lab experiments have demonstrated that length oscillations can reduce forces in contracted airway smooth 
muscles which are the main driving mechanism for asthma attack, it has been proven that PO improves lung 
compliance, inflammatory stresses on patients and preserves surfactant function. This presentation 
highlights successful trials of pressure oscillations in treating some of the lung diseases. 
 
S1B.4 

Oxygen: A new look at an old therapy  

Kyle Perrin 
Capital and Coast District Health Board and Department of Medicine, University of Otago, Wellington  
 
Oxygen has been used in the treatment of acute cardiac and respiratory disease for over a century. It has 
previously been considered universally safe and beneficial, but recent evidence suggests that over-
oxygenating patients may have harmful effects. This presentation will summarize the recent findings from 
physiological and clinical studies of high concentration oxygen use and outline a safer approach to the 
administration of oxygen. 
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Symposium 2A: The Immune-Neuroendocrine Interface 
 

S2A.1 

The role of the neuropeptide PACAP in the integrated central and peripheral stress response 

Lee E. Eiden 
Chief, Section on Molecular Neuroscience, NIMH-IRP, Bethesda MD, USA 
 
Although acetylcholine is generally considered the major neurotransmitter released at both sympathetic and 
parasympathetic autonomic ganglionic synapses, the neuropeptide PACAP (pituitary adenylate cyclase 
activating polypeptide) is in fact the functionally significant transmitter released at the splanchnic-adrenal 
synapse, during sympathetic stress transduction, to regulate neuropeptide and catecholamine secretion, and 
the induction of transcription from genes encoding both neuropeptide precursors and catecholamine 
biosynthetic enzymes (1). PACAP also controls the expression of proteins conferring protection from 
cellular toxicity due to greatly increased calcium influx during high-frequency stimulation of chromaffin cell 
depolarization during stress. A unique cAMP-dependent activation of the extracellular response kinase ERK, 
by the cAMP sensor NCS/Rapgef2, is responsible for gene induction, while a calcium-dependent signaling 
pathway subserves, in parallel, release of catecholamines and other informational molecules from the 
adrenal gland. These signaling pathways also function within CRH neurons of the paraventricular nucleus, 
mediating PACAP-dependent activation of the HPA axis in response to psychogenic stressors. The 
discovery of NCS/Rapgef2 as a novel mediator of GPCR-Gs-dependent signaling controlling ERK 
activation in neuronal and endocrine cells (2) has opened the possibility for specific and separate 
pharmacological modulation of the three major cAMP sensor families--protein kinase A, Rapgef3/4 
(Epac1/2) and NCS/Rapgef2—now identified as important regulators of gene expression, cell morphology, 
and cell survival in neurons and endocrine cells under both physiological and paraphysiological conditions. 
1. Smith, C. B., and Eiden, L. E. (2012) Is PACAP the Major Neurotransmitter for Stress Transduction at the Adrenomedullary Synapse? J Mol 
Neurosci 48, 403-412 
2. Emery, A., Eiden, M. V., Mustafa, T., and Eiden, L. E. (2013) GPCR-Gs signaling to ERK is controlled by the cAMP-sensing guanine 
nucleotide exchange factor NCS/Rapgef2 in neuronal and endocrine cells. Science Signaling 6, ra51 

 

S2A.2 

Early life programming of neuroimmune function; the role of the hypothalamic-pituitary-adrenal 

(HPA) axis 

Sarah J. Spencer 
School of Health Sciences and Health Innovations Research Institute (HIRI), RMIT University, Melbourne, 
Victoria, Australia 
 
The early life developmental environment has significant programming effects on a number of aspects of 
adult physiology, including neuroimmune function. We have previously seen that early life inflammation, 
including from a perinatal immune challenge or from early onset obesity, can alter responses to an immune 
challenge long-term. Thus, Wistar rats suckled in small litters for the first three weeks of life become 
overweight early on and this phenotype persists into adulthood. These small litter obese rats have 
exacerbated neuroimmune responses to an immune challenge with lipopolysaccharide (LPS). This response 
is manifested in enhanced phosphorylation of inhibitory factor (I)ĸB, increased pro-inflammatory cytokine 
production, and elevated fevers. This exacerbated immune response is partially due to the neonatally overfed 
rats having increased expression of toll-like receptors (TLR)2 and 4, the receptors for LPS, in their white 
adipose tissue. The exacerbated fevers are also associated with changes in the hypothalamic-pituitary-
adrenal (HPA) axis. Thus, rats made obese due to neonatal overfeeding have greater activation of the 
paraventricular nucleus of the hypothalamus (PVN) in response to LPS, and a less efficient glucocorticoid 
(GC) response, resulting in compromised GC negative feedback and less effective GC-mediated inhibition 
of the immune response. In future research, we will consider which aspects of the HPA axis are altered in 
neonatally overfed rats to contribute to exacerbated febrile responses to LPS in adulthood.   
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S2A.3 

Mum's the word: Understanding the role of maternal inflammation in elevating the risk of offspring 

neuroendocrine disorders  

Christine Jasoni, Thomas Kim, Tessa Sanders, Chew Ling Tan 
Department of Anatomy and Centre for Neuroendocrinology, University of Otago, Dunedin 
 
A mother’s obesity during pregnancy is well-recognised for its ability to elevate her offspring’s risk of 
obesity and the metabolic syndrome, as well as autism and developmental delay. If we consider how a 
mother’s obesity during pregnancy might influence her baby’s health, it makes sense to focus on events that 
occur during gestation, when the physiology of the mother and her offspring interact most intimately. With 
this in mind, we have been characterising the changes that take place to the fetal brain during its 
development in an obese mother, with particular focus on the regions of the brain, including the arcuate 
nucleus and paraventricular nucleus of the hypothalamus, that regulate body weight later in life. In the 
arcuate nucleus of fetuses developing in obese mothers we have observed that the expression of 
developmental genes controlling axon growth and guidance are altered. Several of these genes are either 
expressed specifically by neurons that control body weight or are expressed in nearby regions where they 
could influence axon growth of arcuate neurons. In addition, we observed significant anatomical changes in 
neuronal connectivity between the arcuate and paraventricular nuclei, which may be underpinned by the 
altered developmental gene expression. To understand how gene expression itself may be modulated, we 
have investigated a possible role for immune activation in the hypothalamus. The pro-inflammatory cytokine 
interleukin-6 (IL6) has been implicated throughout the literature in fetal programming. Treatment of arcuate 
nucleus explants with IL6 reduced axon growth in vitro, concomitant with altered gene expression that 
mimicked that seen in vivo. To determine the source of IL6 and potentially other cytokines, we have used 
immunocytochemistry and FACS analysis to observe that resident immune cell numbers are elevated in the 
hypothalami of fetuses developing in obese mothers. Taken together these observations suggest that elevated 
inflammation in the brains of fetuses developing in obese mothers may act to alter developmental gene 
expression and thereby derail normal formation of the neural circuitry that controls body weight later in life. 
Understanding how the prenatal environment has an impact on later life health and disease is one of the first 
steps toward developing strategies for ensuring a healthy start to life and life-long health for the babies of 
obese mothers.  
 
S2A.4 

Is the adrenal medulla responsive to cytokines? 

Stephen Bunn 
Department of Anatomy and Centre for Neuroendocrinology, University of Otago, Dunedin  
 
A bi-directional relationship is believed to exist between the immune and neuroendocrine systems, the dis-
regulation of which may have important implications for health and disease. This presentation will review 
evidence that such an interaction occurs between the neuroendocrine adrenal medullary chromaffin cells and 
immune-derived cytokine signals. Evidence will be presented that the chromaffin cells are directly 
responsive to a number of physiologically important pro-inflammatory cytokines including interleukin-1, 
interleukin-6 and tumor necrosis factor-α. Following stimulation of specific receptors expressed on the 
surface of the chromaffin cells these cytokines lead to rapid activation of distinct intracellular signaling 
pathways and the subsequent cytokine-specific modulation in gene expression. Interestingly, many of the 
genes targeted by these cytokine-activated pathways code for secretory neuropeptides such as vasoactive 
intestinal peptide, galanin, gastrin-releasing peptide and parathyroid hormone-related peptide. These, and 
other data to be reviewed in the presentation, indicate that the secretory output of the adrenal chromaffin 
cells may be sensitive to modulation by cytokines and thus strengthen the argument for physiologically 
relevant interaction between the immune and stress responses. 
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Symposium 2B: Cardiac Bioengineering 
 
S2B.1 

hERG K
+
 channels and sudden cardiac death 

Jamie I. Vandenberg, Arash Sadrieh, Adam Hill 
Victor Chang Cardiac Research Institute, & St. Vincent’s Clinical School, University of New South Wales, 
Darlinghurst, NSW 2010, Australia 
 
Sudden cardiac death, caused most commonly by ventricular tachyarrhythmias, accounts for ~12% of deaths 
in our community and possibly as many as 20% of deaths in younger adults (<35 years). In the younger age 
groups the majority of these deaths are due to inherited arrhythmia conditions such as the congenital long 
QT syndrome. One of the commonest causes of congenital long QT syndrome is due to mutations in the 
potassium channel gene KCNH2 (often referred to as hERG). hERG K+ channels conduct the principal 
repolarizing current operative during the plateau phase of the cardiac action potential under baseline 
conditions. Loss of function in hERG K+ channels, whether caused by inherited mutations or drug block, 
therefore leads to prolongation of the QT interval on the surface ECG which is most marked at resting heart 
rates. In recent years, we have characterized the molecular basis of how inherited mutations and drugs can 
affect hERG function. We now wish to use this knowledge to answer the following questions: (i) how does 
loss of hERG function increase the risk of cardiac arrhythmias (ii) why are some mutations more pathogenic 
than others and (iii) why are some drugs more pro-arrhythmic than other drugs. After reviewing our progress 
in elucidating the molecular basis of hERG function I will discuss a novel computational approach to 
addressing the above three questions. 
 
S2B.2 

The Cardiac Atlas Project: Mapping heart function  

Alistair Young 
Auckland Bioengineering Institute, University of Auckland, Auckland  
 
We demonstrate the utility of large legacy databases cardiac MR images in the construction of a shape atlas 
based on 3D left-ventricular finite-element models. We make use of the Cardiac Atlas Project database to 
build an atlas of 2,045 asymptomatic volunteers from the Multiethnic Study of Atherosclerosis (MESA). 
Manually placed anatomical landmarks on long-axis and short-axis magnetic resonance images were 
combined with manually drawn contours on the short axis images which were corrected for breath-hold mis-
registration using an automated method. The contours were then fitted by the model using linear least 
squares optimisation. Results were validated against 3D models created by experts in a sub-sample of 253 
cases using manual breath-hold registration. All models were automatically aligned and scaled, and finally 
analysed by principal component analysis. After size correction, significant differences were found in the 
first mode shape (associated with sphericity) with gender, smoking, and hypertension. This is the largest 
atlas of heart motion constructed to date, and gives novel information on the shape and functional changes 
occurring in the asymptomatic population. 
 
S2B.3 

The Cardiac Myometer: Simultaneous measurements of cardiac muscle function 

Andrew Taberner1,2, Bryan Ruddy1,2, Alex Anderson1, Callum Johnston1, Ming Cheuk1, Marie Ward3, Denis 
Loiselle1,3, Poul Nielsen1,2. 
1Auckland Bioengineering Institute, 2Dept. of Engineering Science, 3Dept. of Physiology, University of 
Auckland, New Zealand.  
 
With each beat of the heart, its cells spark a brief pulse of calcium, which triggers force development and 
cell shortening, funded by expenditure of energy with its attendant liberation of heat and consumption of 
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oxygen. We are developing new instrumentation systems to measure all of these processes simultaneously, 
while subjecting isolated samples of heart tissue to contraction patterns that mimic the pressure-volume-time 
loops experienced by the heart with each beat. This demanding undertaking has required us to develop our 
own actuators, force transducers, heat sensors, and optical measurement systems. A remaining challenge is 
to implement methods to integrate and synchronise all of these often confounding measurements and 
interventions in a single instrument. In this presentation I will outline some of the techniques that we are 
developing to measure and control seven important variables that characterise muscle function, and will 
discuss recent progress on our efforts to integrate these measurements in a new measurement device: The 
Cardiac Myometer.  

Symposium 3A: Dietary Trace Elements 
 
S3A.1 

Zinc and risk factors for Type 2 diabetes mellitus and cardiovascular disease 

Samir Samman1, Meika Foster1, Anna Chu1, Jasmine Capdor1, Peter Petocz2 

1Discipline of Nutrition and Metabolism, School of Molecular Bioscience, University of Sydney, 
2Department of Statistics, Macquarie University, NSW Australia 
 
Recognition of the public health importance of zinc continues to expand. Impaired zinc homeostasis features 
prominently in Type 2 diabetes mellitus (DM) and cardiovascular disease (CVD). The possibility that 
replenishment with zinc could provide an adjunct therapy for these and other chronic diseases is compelling. 
Our aim was to evaluate the effects of zinc supplementation on recognized risk factors for CVD and DM in 
humans. In relation to CVD risk factors, the findings from clinical trials showed an overall lack of effect of 
zinc supplementation on plasma lipids. When the trials were assessed based on the underlying health status 
of the participants, zinc resulted in a significant decrease in high-density lipoprotein (HDL) in healthy 
subjects (an undesirable response), but a significant rise in HDL in those with DM, indicating a decreased 
risk of CVD. In DM patients, zinc supplementation decreased glucose concentrations and %HbA1c. In a 
zinc supplementation trial in post-menopausal women with DM, multivariate analysis revealed that zinc 
transporter expression (Zip10 and ZnT6) was related to glycaemic control and plasma IL6 concentrations. 
We conclude that improved zinc status affects favourably the cardio-metabolic profile in people with DM. 
Further understanding of the cellular transport, sensing, and distribution of zinc will help to explain the role 
of zinc in the prevention of chronic disease. 
 
S3A.2 

Selenium and prostate disease 

Lynnette R. Ferguson, Nishi Karunasinghe, Shuotun Zhu , Alice Wang  
Discipline of Nutrition, FM&HS, The University of Auckland, Auckland 
Selenium (Se) is an essential micronutrient for humans, acting as a component of the unusual amino acids, 
selenocysteine (Se-Cys) and selenomethionine (Se-Met). Where Se levels are low, the cell cannot synthesise 
selenoproteins, although some selenoproteins and some tissues are prioritised over others. Characterised 
functions of known selenoproteins, include selenium transport (selenoprotein P), antioxidant/redox 
properties (glutathione peroxidases (GPxs), thioredoxin reductases and selenoprotein P) and anti-
inflammatory properties (selenoprotein S and GPx4). Various forms of Se are consumed as part of a normal 
diet, or as a dietary supplement. Supplementation of human diets with moderate levels of certain Se 
compounds may protect against the formation of DNA adducts, DNA or chromosome breakage, and 
chromosome gain or loss. Protective effects have also been shown on mitochondrial DNA, and on telomere 
length and function. However, too much Se is as harmful as too little, with animal models showing a "U"-
shaped efficacy curve. Our own studies have related low selenium levels to increased risk of prostate cancer.  
Optimal levels may depend upon the form of Se being ingested, and vary according to genotype. New 
paradigms, possibly involving nutrigenomic tools, will be necessary to optimise the forms and levels of Se 
desirable for maximum protection against prostate disease in all humans. 
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S3A.3 

Iodine and cognition 

Sheila A Skeaff 
Department of Human Nutrition, University of Otago, Dunedin  
 
Low levels of iodine in the soil are common in many parts of the world, including New Zealand, and 
predisposes a population to iodine deficiency. Iodine deficiency is the most prevalent and preventable cause 
of mental impairment in the world. As iodine is an integral component of thyroid hormone, it mediates the 
effects of thyroid hormone on brain development. Many brain structures and systems appear to be affected 
by iodine deficiency, including regions such as the hippocampus, microstructure such as myelin, and 
neurotransmitters. Studies with humans indicate that the timing of iodine deficiency is particularly 
important. Severe iodine deficiency in pregnancy can result in cretinism, characterised by profound physical 
abnormalities and mental retardation. A large cross-sectional study in the UK has recently shown that even 
milder forms of iodine deficiency in pregnancy are associated with poorer cognition in children. To date, the 
clearest evidence of the requirement of iodine for brain function comes from studies examining cognition in 
interventions involving iodine supplementation. Double-blind, placebo-controlled, randomised trials have 
found improved cognition in iodine deficient children supplemented with additional iodine. Adult cognitive 
function may also be influenced by iodine status, but the literature on iodine deficiency across the lifespan is 
incomplete. Understanding how and when iodine affects brain and cognitive development will help in the 
prevention and treatment of iodine deficiency, and may make it possible to eradicate preventable 
impairment. 
 
S3A.4 

Iron deficiency and well-being – Is there a connection? 

Kathryn L. Beck 
Institute of Food Nutrition and Human Health, Massey University, Auckland  
 
 
It is estimated that 30% of the world’s population is anaemic, primarily due to iron deficiency.  Many more 
are affected by iron deficiency without anaemia.  Iron deficiency is commonly linked to impaired well-
being.  While there is no clear consensus, the definition of well-being is generally thought to encompass 
both physical and mental health, and quality of life including fatigue.  Self-perceived health and well-being 
are increasingly recognised as important alongside more traditional measures of health such as diagnosis of 
disease. While iron deficiency anaemia is associated with a number of negative health consequences, the 
relationship between non-anaemic iron deficiency and well-being is less clear.  Early studies investigating 
the association between iron deficiency and well-being have had a number of limitations, such as the 
inclusion of participants with anaemia, self-reporting of iron deficiency, participant knowledge of iron 
status, the use of a range of biochemical cut-offs for determining iron deficiency, and the use of a variety of 
tools to determine well-being.  Advances in neuroscience are enabling the investigation of iron load and 
function within the central nervous system, and recent research employing randomised controlled trials in 
participants with non-anaemic iron deficiency suggests a link between iron deficiency and well-being.  
However, further research is needed to determine the level of iron deficiency associated with negative 
effects on well-being.  This presentation will highlight recent research investigating associations between 
iron status and self-perceived health, well-being, quality of life and fatigue.    
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Symposium 3B: Cardiovascular Disease 
 
S3B.1 

A novel mechanism for activation of calcium/calmodulin dependent kinase II during hyperglycemia 
Jeffrey R. Erickson 
Department of Physiology, University of Otago, Dunedin 
 
Ca2+-calmodulin dependent protein kinase II (CaMKII) is a nodal regulatory protein in both the heart and 
brain, and its chronic activation leads to pathophysiological signaling. For example, autonomous CaMKII 
activation as is observed during heart failure can directly induce pathological changes in ion channel gating 
and Ca2+ handling. Here we will present data suggesting a direct link between CaMKII activity and 
hyperglycemia, a mechanism that may contribute to structural and electrical remodeling of the heart in 
patients with diabetes mellitus. Indeed, more than 180 million people around the world suffer from diabetes, 
a key risk factor for heart disease and neurodegenerative disorders. We describe a novel covalent 
modification of CaMKII by O-linked N-acetylglucosamine (O-GlcNAc) that is enhanced significantly 
during hyperglycemia. O-GlcNAc modification of CaMKII results in autonomous activation of the kinase 
even after [Ca2+] declines. We also show that O-GlcNAc modified CaMKII is increased in heart and brain 
from both diabetic humans and rats. In isolated cardiac myocytes, either acute increase in glucose to levels 
typical of diabetes or pharmacological enhancement of O-GlcNAc modification significantly enhances 
CaMKII-dependent activation of spontaneous sarcoplasmic reticulum (SR) Ca2+ release events (sparks). 
Ca2+ sparks are thought to underlie arrhythmogenesis in the whole heart, and our data show an increase of 
arrhythmic events in intact perfused rat hearts exposed to acute [glucose] elevation. Glucose dependent 
arrhythmogenesis was found to be O-GlcNAc- and Ca2+-dependent, suggesting a key role for O-GlcNAc 
signaling in diabetic arrhythmia. Thus, O-GlcNAc modification of CaMKII is a novel signaling event that 
contributes critically to cardiac pathophysiology in diabetes and other diseases. 
 
S3B.2 

Autophagy in the diabetic heart 

Kimberley Mellor 
Auckland Bioengineering Institute & Department of Physiology, University of Auckland 
 
Existence of a diabetic cardiac pathology, independent of vascular abnormalities, has been well reported. 
Diffuse interstitial fibrosis throughout the diabetic myocardium (even in the absence of an acute coronary 
event), suggests widespread cardiomyocyte attrition and cytokine activity. Understanding cardiomyocyte 
cell survival detriment and functional adaptation in the insulin resistant heart is an important priority. 
Investigations with dietary fructose-induced diabetes have revealed that a specific, non-apoptotic form of 
programmed cell death, autophagy, plays a role in the insulin resistant heart. New evidence suggests that 
distinct signalling pathways exist for different ‘types’ of autophagy. Autophagy of glycogen, ‘glycophagy’, 
may be involved in the dysregulation of glucose handling and glycogen storage in diabetic cardiomyocytes. 
Assessing insulin regulation of macro- and glycogen- autophagy signalling has revealed disparate signalling 
induction in hyperglycemic vs. normal cardiomyocytes. This work identifies new molecular targets for 
development of treatment strategies for effective intervention before disease progression to advanced 
diabetic cardiomyopathy. 
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S3B.3 

Ghrelin, a novel therapeutic strategy for the early treatment of acute myocardial infarction – A 

clinical trial   

Daryl O.Schwenke1, Gerard Wilkins2, Chris Baldi3
 

1Department of Physiology, 2Department of Cardiology, 3Department of Medicine, University of Otago, 
Dunedin  
 
Myocardial infarction (MI) is the most common cause of death in industrialized societies. In most instances 
death occurs within the first few hours following acute MI due to either the occurrence of irregular 
heartbeats (i.e. arrhythmias), or cardiogenic shock from the extent of myocardial damage. Both states are 
exacerbated by an adverse over-stimulation of cardiac sympathetic nerve activity (SNA). Unfortunately, 
even if the patient survives the initial MI, the adverse increase in cardiac SNA, which is sustained long-term, 
exacerbates chronic cardiac dysfunction and risk of arrhythmia such that the long-term survival prognosis 
can be poor. Exciting previous data from our lab, using an experimental animal model, have shown that 
early administration of the peptide hormone ghrelin following MI prevents an increase in cardiac SNA. 
Consequently, ghrelin reduces the acute incidence of ventricular arrhythmias, attenuates progressive long-

term cardiac dysfunction and, hence, significantly improves both short-term and long-term prognosis. 
Several clinical human-based studies have already shown that ghrelin has beneficial cardiovascular effects 
in patients with chronic heart failure and chronic obstructive pulmonary disorders. Indeed, the physiological 
effects of ghrelin are becoming routinely examined in human-based research. Importantly, no serious 
adverse side effects have been reported in association with ghrelin administration in humans. Therefore, in 
order to identify whether promising experimental data can ultimately translate to a positive outcome in a 
clinical setting, we have designed a clinical study to identify whether the early administration of exogenous 
ghrelin following acute MI can prevent subsequent sympathetic hyper-excitation in humans. 
 
S3B.4 

Brain under pressure: challenges to cerebral blood flow regulation 

Shieak Tzeng 
Cardiovascular Systems Laboratory, Centre for Translational Physiology, University of Otago  
 
Although the identification and treatment of excessively high average blood pressure has dominated clinical 
management of chronic blood pressure disease, there is growing recognition that elevated blood pressure 
variability (BPV) across a wide range of timescales is also an adverse prognostic indicator.  However, the 
focus on BPV belies the dependence of vital organs such as the brain on blood flow rather than blood 
pressure per se.  Given that the brain has a high metabolic demand for oxygen, cerebral blood flow 
variability (CFV) and the integrity of flow-stabilizing mechanisms such as cerebral autoregulation may 
underlie the relationship between elevated BPV and end-organ disease at a population level.  Unfortunately 
cerebral haemodynamic research has traditionally focused on understanding within-individual physiology 
with comparatively little attention paid to inter-individual differences in BPV and CFV.  Recent data 
suggests that the inter-individual relationships between BPV, CFV and control mechanisms such as arterial 
baroreflex function and cerebral autoregulation have important clinical implications from an 
epidemiological risk-stratification perspective. Specifically, it will be shown that cerebral perfusion 
regulation potentially involves the compensatory integration of arterial baroreflex function and mechanisms 
for cerebral blood flow control.  The concept and implications that individuals may rely on either baroreflex 
vs. autoregulation to achieve integrated cerebral perfusion homeostasis will be introduced and discussed. It 
will also be shown that across individuals BPV is not the sole determinant of CFV, and that robust 
identification of vascular targets such as cerebral autoregulation have the potential to lead to better 
population based risk stratification and treatment strategies. 
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Societies’ Free Communication Abstracts 

Session 1A: PSNZ Free Communications (*PSNZ Bullivant Prize Finalists) 
 
*1A.1 

Functional myocardial similarities between right atrial and left ventricular isolated trabeculae 

Nathan S.J. Hamer1, Regis R. Lamberts1 
1Department of Physiology and HeartOtago, Otago School of Medical Sciences, University of Otago, 
Dunedin 
 
Knowledge of human cardiac function is obtained predominantly through in vivo techniques such as 
echocardiography and MRI. However, vital underlying intrinsic (e.g. force-frequency (FF)) and extrinsic 
(adrenergic) mechanisms of cardiac function can only be determined when tissue is separated from 
hormonal and nervous influences, as can be achieved through use of multicellular isolated cardiac muscles 
such as trabeculae. At present, human cardiac trabeculae can only be obtained from right atrial (RA) 
appendages normally discarded during coronary bypass graft (CABG) procedures. Because the left ventricle 
(LV) has a different composition and different chamber function to the RA, we aimed to study whether the 
intrinsic and extrinsic mechanisms of myocardial function of the RA resembles that of the left ventricle 
(LV). The basal cardiac function, FF relation and the response to adrenergic stimulation (isoproterenol (10-10 
to 10-6M) of trabeculae from the RA and the LV of 14-week old lean Zucker rats (n=6) were compared. 
Parameters of interest were developed force (Fdev) and time constant of relaxation (tau). Baseline Fdev of RA 
trabeculae was not different to baseline Fdev in LV trabeculae (15.5±5.0 vs. 19.5±6.7 mN/mm2, p>0.05). RA 
baseline tau was also not different to LV trabeculae (0.033±0.002 vs. 0.033±0.004 s, p>0.05). In addition, no 
significant differences were found in any of the contractile or relaxation parameters during the FF relation or 
the response to isoproterenol between RA and LV trabeculae. In conclusion, we observed no significant 
differences in the intrinsic and extrinsic mechanisms of cardiac function between trabeculae of the RA and 
the LV from young rats. This suggests that under healthy conditions, viable RA human trabeculae could be 
used as an appropriate experimental model of general (LV) myocardial function. Experiments using 
trabeculae to determine the effect of age and obesity are still on-going. 
 
*1A.2 

Improved heat sensing in cardiac muscle calorimetry 

Callum Johnston1, June-Chiew Han1, Bryan Ruddy1,2, Poul Nielsen1,2, Andrew Taberner1,2 

1Auckland Bioengineering Institute, 2Department of Engineering Science, University of Auckland, 
Auckland 
 
The Auckland Bioengineering Institute has developed a novel flow-through micro-mechano-calorimeter for 
measuring, simultaneously, the heat output and force production of rat cardiac trabeculae. This instrument 
uses thermopile-based temperature sensors in order to infer the heat production (≈10 µW) of the muscle, 
based on the temperature increase (≈1 mK) that it imparts to a solution in which it is superfused. Our flow-
through calorimeter current uses infrared-sensitive thermopiles for temperature measurement. The high light 
sensitivity and noise in these sensors is problematic. To address this we have devised a new temperature 
measurement system that employs thermoelectric heat pumps as temperature sensors. The selection and 
arrangement of the thermopile sensors has been informed and optimised through the use of finite element 
modelling. Sensitivity and noise analyses on the device indicate a ten-fold improvement in heat 
measurement resolution over our previous device. A noise-limited muscle heat-rate resolution of 5.8 nW 
over a 5 Hz bandwidth is now possible. The capabilities of this new device will be demonstrated through 
preliminary experiments examining the force-frequency-heat relation of rat cardiac trabeculae. 
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*1A.3 

Ubiquitin-dependent degradation of KCa3.1 in a polarised epithelium 

Shih-Liang Lee1 , Barclay Winter1, Daniel C. Devor2, Kirk L. Hamilton1 

Department of Physiology, University of Otago, Dunedin, 2Department of Cell Biology, University of 
Pittsburgh, Pittsburgh  
 
The intermediate conductance calcium activated potassium channel (KCa3.1) has a prominent role in 
numerous physiological functions, and has recently emerged as the main therapeutic target for many 
disorders and diseases ranging from lymphoma to Alzheimer’s disease. Much is known about the 
physiology and pharmacology of this channel, but how the numbers of the channel are regulated at the cell 
surface remains elusive today. Previous studies aimed to unravel the degradation pathway of KCa3.1 are 
predominantly based on non-polarised models, as KCa3.1 is widely expressed in polarised epithelial tissues, 
it is likely that the degradation pathway can present different patterns.  In this study, we investigated the key 
molecular components that regulate the degradation of KCa3.1 using polarised epithelium generated by 
Fisher rat thyroid (FRT) cells stably expressing KCa3.1. Using immunofluorescence, immunoblot and 
Ussing chamber, we demonstrated that KCa3.1 is degraded via an ubiquitin dependent pathway. Inhibition 
of E1 ligase via UBEI-41 crippled the ability for the cells to internalise the channel, shown by the increase 
of surface channel expression and DC-EBIO sensitive K+ current. Furthermore, the involvement of 
deubiquitinases and degradation by the lysosome were also confirmed by treating the cells with PR-619 and 
Leupeptin/Pepstatin, respectively; which significantly decreased the rate of membrane KCa3.1 degradation. 
These findings are the first to demonstrate the involvement of ubiquitin in the degradation of KCa3.1 within 
a polarised epithelium. 
 
*1A.4 

Intracerebroventricular administration of oxytocin enhances nucleus accumbens shell neuronal 

activity in morphine-naive but not morphine-treated rats  

Mahsa Moaddab1, 2, Brian I. Hyland2, Colin H. Brown1, 2 

1Centre for Neuroendocrinology and 2Department of Physiology, University of Otago, Dunedin 
 
Drug addiction is a chronically relapsing disorder that involves compulsive and uncontrolled drug-seeking 
and drug-taking. The nucleus accumbens (NAc) shell particularly contributes to reward-related behaviours, 
including those associated with drugs of abuse. Recently, the neuropeptide, oxytocin, has been shown to 
modulate behavioural responses to drugs of abuse. Hypothalamic oxytocin neurons project to many 
forebrain regions, including the NAc shell. We have found that intracerebroventricular (ICV) oxytocin 
administration enhances the expression but not the acquisition of morphine-induced conditioned place 
preference (CPP). So, we used in vivo single-unit extracellular recording in urethane-anesthetized male 
Wistar rats to investigate the effects of ICV oxytocin on the firing rate of NAc shell neurons in morphine-
naive rats and rats that had received the same regime of morphine injections as used for induction of CPP 
(one injection of 5 mg/kg morphine s.c. per day over three consecutive days). Recordings were made 
approximately 24 h after the last morphine injection, i.e. at the time at which the effect of oxytocin on CPP 
was tested in the behavioural experiments. Consistent with previous studies, the baseline firing rate of NAc 
shell neurons was significantly lower in morphine-treated rats (1.1 ± 0.2 spikes s-1, n = 69) than in 
morphine-naive rats (1.8 ± 0.3 spikes s-1, n = 80; P = 0.04, unpaired student’s t-test). In morphine-naive rats, 
ICV oxytocin (0.2µg/2µl) increased NAc shell neuron firing rate (from 2.4 ± 0.6 to 3.3 ± 0.8 spikes s-1, n = 
29; P < 0.01, one-way repeated measures ANOVA followed by Bonferroni’s post hoc test). ICV saline (2 
µl) administration had no effect (1.3 ± 0.2 to 1.2 ± 0.3 spikes s-1, n = 29; P = 0.74, one-way repeated 
measures ANOVA). In morphine-treated rats, neither saline (1.0 ± 0.3 to 1.2 ± 0.3 spikes s-1, n = 23; P = 
0.58) nor oxytocin (1.7 ± 0.5 to 1.6 ± 0.4 spikes s-1, n = 21; P = 0.56) affected the firing rate of NAc shell 
neurons. These results suggest that morphine-induced adaptations reduce the excitability of NAc shell 
neurons to oxytocin administration. The morphine-induced abolition of the NAc response to oxytocin might 
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enable oxytocin-induced modulation of other elements in the neuronal circuit to enhance the expression of 
morphine-induced CPP. 
 
*1A.5 

Investigating the synaptic regulation of gonadotropin-releasing hormone neurons in a mouse model of 

polycystic ovarian syndrome 

Aleisha M. Moore, Rebecca E. Campbell 
Department of Physiology and Centre for Neuroendocrinology, University of Otago, Dunedin 
 
Polycystic ovarian syndrome (PCOS) is the most common endocrine disorder among women of 
reproductive age worldwide. An increase in luteinising hormone (LH) pulse frequency associated with 
PCOS is suggestive of changes in gonadotropin-releasing hormone (GnRH) neuron regulation. We 
hypothesise that the altered neuronal regulation of GnRH neurons associated with PCOS is due to changes in 
their afferent synaptic inputs. We tested this hypothesis in a prenatal androgen (PNA)-treated mouse model 
of PCOS generated by dihydrotestosterone exposure that we have previously shown to display an increase in 
GnRH neuron spine density, a marker of synaptic input. In this study, GnRH-green fluorescent protein 
(GFP) transgenic mice were used to assess synaptic inputs to GnRH neurons between PNA-treated females 
(n=8) and vehicle-treated females (n=8) in diestrus and vehicle-treated males (n=7). Immunofluorescent 
labeling of GFP and either the vesicular glutamate transporter 2 (vGluT2) or the vesicular GABA transporter 
(vGaT) was performed. The density of vGluT2 appositions with GnRH neurons was not significantly 
different between any of the groups. The density of vGaT appositions with GnRH neurons was not sexually 
dimorphic between vehicle-treated male and female mice. However, interestingly, vGaT apposition density 
was significantly increased in PNA-treated mice compared with both vehicle-treated male (p<0.01) and 
female (p<0.01) mice. As GABAergic signaling to GnRH neurons can be excitatory, increased GABAergic 
synaptic input may contribute to the elevated GnRH neuron activity in the PNA-treated mouse. In 
conclusion, these data support the hypothesis of altered synaptic inputs to GnRH neurons in a mouse model 
of PCOS and demonstrate that an elevation in GABA, not glutamate, inputs may contribute to the increased 
LH pulse frequency characteristic of PCOS. 
 
*1A.6 

Effects of sex and ovarian hormones on arterial baroreflex in rats with heart failure 

Maximilian Pinkham, Carolyn Barrett 
Department of Physiology, University of Auckland, Auckland  
 
In heart failure, increases in sympathetic nerve activity (SNA) drive pathological events.  Current evidence 
suggests that in males with heart failure dysregulation of the sympathetic nervous system is associated with 
impairment of arterial baroreflex control of SNA.  The current study investigated whether female sex and 
ovarian hormones affect arterial baroreflex control of SNA in heart failure.  On the day of experiment 
arterial pressure and renal SNA were recorded in chloralose-urethane anesthetized male, ovary-intact female 
and ovary-removed female (OVX) rats, 6 weeks post-myocardial infarction (MI) or sham surgery.  Venous 
infusions of sodium nitroprusside and phenylephrine were used to cause ramp changes in arterial pressure.  
In both male and OVX female groups arterial baroreflex control of renal SNA was significantly impaired in 
heart failure compared to sham animals, largely due to an impaired ability to inhibit SNA.  In response to an 
increase in arterial pressure renal SNA decreased from baseline (100%) to a minimum of 38±3% in male 
shams vs. 61±4% in heart failure males and in OVX females this lower plateau was 33±4% in sham vs. 
61±4% in heart failure, P<0.05.  In ovary-intact females, heart failure did not alter arterial baroreflex control 
of renal SNA when compared to sham animals.  The current study is the first to describe a significant effect 
of ovarian hormones in females on SNA regulation in heart failure.  Specifically, arterial baroreflex control 
of renal SNA in heart failure was unaltered in ovary-intact females whereas in males and ovary-removed 
females with heart failure the arterial baroreflex was significantly impaired.  The current findings are an 
important first step in understanding how female sex and ovarian hormones may be related to 
cardioprotection in heart failure via the sympathetic nervous system. 
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Session 1B: Biomedical Technology Free Communications (*Biomedical Technology 

Student Prize Finalists) 
 
*1B.1 

Dynamic characteristics of human upper airway  

Sherif Ashaat, Ahmed Al-Jumaily, Loulin Huang 
Institute of Biomedical Technologies, Auckland University of Technology (AUT), Auckland  
 
Obstructive sleep apnoea (OSA) a common upper airway (UA) respiratory system sleep disorder, is 
considered one of the most threatening diseases to the quality of life worldwide. OSA occurs due to 
obstruction in the UA region, and is characterized by repeated collapse and/or obstruction of the pharyngeal 
airway during sleep. UA collapse occurs when the forces of the airway muscles are less than those generated 
from the airway negative pressures during respiration.  The tendency for upper airway obstruction to occur 
is increased when the patient sleeps in a supine position.  In this position, gravitational forces may push the 
soft palate tip (uvula) and tongue towards the airway wall, which in turn reduces the gap between those 
tissues and airway wall.  The chances for airway obstruction and collapse thus increase. Within this 
narrowed environment, additional concerns arise as vibration and deflection of the upper airway soft tissues 
(particularly the uvula and tongue) further increases the tendency of the upper airway to be obstructed and/or 
collapsed.  Computational fluid dynamics (CFD) has been used successfully for many years in modelling the 
UA respiratory system, as well as describing the flow parameters and characteristics. 3D computational 
models for the uvula and tongue have been constructed from magnetic resonance images (MRI) using finite 
element method (using ABAQUS), to solve the governing equations accurately.  The main objective of this 
research is to determine the dynamic characteristics of the uvula and tongue, as well as the interaction 
between them. 
 
*1B.2 

Electrically-controlled drug delivery of sulfosalicylic acid from a regenerated cellulose/ functionalized 

carbon nanofiber matrix 

Nargis, A. Chowdhury1, John, Robertson2, Ahmed, A.-Jumaily1, Maximiano, V. Ramos3  

Institute of Biomedical Technologies1, School of Applied Sciences2, School of Engineering3 

AUT University, Auckland 
 

Electrically-controlled drug delivery using regenerated cellulose/functionalized carbon nanofiber 
(RC/FCNF) as the matrix/carrier for a model drug was investigated. The matrix for drug loading was 
prepared by dispersing functionalized carbon nanofiber in regenerated cellulose solution by ultrasonication 
for four hours. In this study, regenerated cellulose solution was prepared by dissolving cotton linter (DPW 
4580) in a lithium chloride (LiCl) / N, N-dimethyl acetamide (DMAc) solvent system. RC/ FCNF mixed 
solution was poured onto a glass plate. After the solvent was evaporated, the membrane was annealed at 

50⁰C for 24 h to increase its mechanical stiffness.  Sulfosalicylic acid was used as an anionic model drug. 

This model drug was loaded into each sample by the swelling-loading technique. The drug release 
mechanism was studied using modified Franz-Diffusion cells in an acetate buffer (pH 5.5, 37°C) over a 
period of 48 hours.  The electric field applied to the system was either null or 1.0V. Total drug release over 
time was analysed using UV–Vis spectrophotometry. The amounts of drug released from the matrix varied 
linearly with time. Moreover, the diffusion coefficient, at the applied electric field of 1.0V, is larger by an 
order of magnitude compared to those assays run without the electric field. Thus, the release rate of 
sulfosalicylic acid can likely be altered, and controlled precisely, through electric field stimulation. 
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*1B.3 

Aneurysm rupture prediction using CFD modelling based on tissue strain energy 

 

A.H. Embong1, A.M. Al-Jumaily1, A. Lowe2, G. Mahadevan3, S. Sugita4
 

1Institute of Biomedical Technologies, Auckland University of Technology Auckland, 2Pulsecor Ltd., 
Auckland, 3Department of General Surgery, Counties Manukau District Health Board, Auckland, 4Center for 
Fostering Young and Innovative Researchers Nagoya Institute of Technology, Japan 
 
A new patient-specific aneurysm CFD model (PSAM) which is based on the energy strain function 
combined with dilated vessel wall stress-strain relationship to predict aneurysm rupture is proposed. The 
personalized model is developed based on instantaneous arterial deformations obtained from ultrasound 
images using 6-9 MHz Doppler. The PSAM relies on available mechanical properties and parameters 
obtained from the personalised model. Referring to instantaneous patient-specific pressure, the PSAM is 
developed to predict the actual location of the weakening points to reach rupture. The material properties of 
the wall are used to observe time dependency of the materials response and formation of the aneurysm wall 
to rupture, which are obtained using mechanical characterization from pressure imposed testing on human 
tissue. Then the strain energy function based on historical the relationship between stress and strain is 
applied to estimate the time of rupture. The impact on the wall maximum limit over time with respect to 
strain energy response activity is analysed. The results indicate that the proposed PSAM model has the 
ability to correlate the deformation wall energy based on continuous patient-specific pressure wave pressure 
in predicting rupture. 
 

1B.4 

Tracking molecular recognition at the atomic level with a new protein scaffold based on the OB-fold 

Mark T. Liddament1, John D. Steemson2, Matthias Baake2, Jasna Rakonjac3, Vickery L. Arcus2 
1OBodies Limited, Private Bag 3105, Waikato Innovation Park, Hamilton, 2Department of Biological 
Sciences, University of Waikato, 3Institute of Molecular BioSciences, Massey University, Private Bag 
11222, Palmerston North 
 
The OB-fold is a small, versatile single-domain binding module that occurs in all forms of life, where it 
binds protein, carbohydrate, nucleic acid and small molecule ligands. We have exploited this natural 
plasticity to engineer a new class of non-immunoglobulin alternatives to antibodies with unique structural 
and biophysical characteristics. We present here the engineering of the OB-fold anticodon recognition 
domain from aspartyl tRNA synthetase (AspRS) taken from the thermophile Pyrobaculum aerophilum. For 
this single-domain scaffold we have coined the term OBody. Starting from a naïve combinatorial library, we 
engineered an OBody with 3 nM affinity for hen egg-white lysozyme (HEL), by optimising the affinity of a 
naïve OBody over several affinity-maturation steps, using phage display. The engineered OBodies retain the 
high thermal stability of the parental OB-fold despite mutation of up to 22% of the protein. They can be 
expressed in soluble form and also purified from bacteria at high yields. They also lack disulfide bonds. 
Crystal structures of the engineered OBodies in complex with HEL showed binding determinants in atomic 
detail. These structures have given us a unique insight into the directed evolution of affinity for a single 
antigen on the molecular scale. 
 
1B.5 

Use of suprasystolic oscillometric pulse waveform for atrial fibrillation screening 

A. Lowe1, T. Oh2, A. Lin2, R. Stewart2 

1Instititute of Biomedical Technologies, AUT University, Auckland, 2Green Lane Cardiovascular Services, 
Auckland City Hospital, Auckland  
 
Atrial fibrillation (AF) affects about 5% of people over the age of 65, with increasing prevalence above this 
age.  AF is associated with a 5x risk of stroke (and 70% mortality in stroke patients), can be managed and/or 
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cured with medications and minimally invasive surgery, but remains undiagnosed and untreated in 
approximately 33% of people with AF.  AF screening is normally performed using manual palpitation by 
general practitioners, leaving much room for subjectivity and error.  Increasing use of automatic blood 
pressure (BP) measuring devices means manual palpation is becoming less common. The research objective 
was to develop and validate an algorithm to screen for the presence of AF with high sensitivity and 
specificity using BP waveforms collected from a clinical automatic, oscillometric BP device, the Pulsecor 
CardioScope II.  Use of BP monitoring technology allows screening to be suitable for widespread use in 
primary care with no change in clinical practice. Diagnostic ECGs in 100 cases (45 AF) and controls (55 
sinus rhythm, SR) were collected with simultaneous oscillometric BP waveforms by ECG technicians at 
Auckland City Hospital from pre-clinic patients.  Classification of arrhythmias was performed by 
cardiologists. BP waveforms were analysed off-line using signal processing algorithms developed to 
quantify beat-to-beat variability.  ROC analysis shows greater than 90% sensitivity and specificity in 
distinguishing AF from SR.  Analysis of oscillometric waveforms may be a clinically useful tool for 
widespread AF screening. 
 
1B.6 

An investigation of superimposed length oscillation interaction with molecular pathways on airway 

smooth muscle relaxation 
N, Mbikou Koumba, A.M. Al-Jumaily, Avila, M. Manilal,  
Institute of Biomedical Technologies, Auckland University of Technology (AUT), Auckland  

Asthma is predominantly characterised by reversible airway obstruction, airway hyper-responsiveness and 
airway inflammation, where the key effector of airway narrowing is airway smooth muscle (ASM).  Most 
common method to relieve hyperconstriction caused by an asthma attack is with bronchodilator medication 
such as Isoproterenol (ISO).  ISO has been associated with side effects and varied efficacy. Studies have 
established that stretch or mechanical oscillations applied to contracted ASM have a force and muscle 
stiffness reducing effect. Our previous in vitro study on isolated bovine ASM further confirmed this force 
reduction effect of superimposed oscillations to tidal length oscillations.  This paper focuses on the 
combined effects of a single inhibitor, Isoproterenol, Indomethacin, PD098059 and SB203580 in 
conjunction with Super-Imposed Length Oscillations (SILO) on tidal breathing in order to investigate and 
determine effects of signaling pathway elements on ASM relaxation. 

Session 2A: PSNZ Free Communications (Hubbard and *Bullivant Prize Finalists) 
 
2A.1 Hubbard Prize Finalist 

Elucidating the properties of arcuate nucleus kisspeptin neurons through electrophysiology 

Simon de Croft, Allan E. Herbison 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
 
It is now well accepted that kisspeptin signalling is an important component of the neuronal network that 
controls gonadotropin-releasing hormone (GnRH) secretion. A population of neurons that synthesize 
kisspeptin is located in the arcuate nucleus (ARN kiss neurons). These neurons are suggested to mediate 
negative feedback of gonadal steroids onto the GnRH neuronal network. These ARN kiss neurons coexpress 
dynorphin and neurokinin B (NKB), and are thought to form an interconnected network that may also be 
important for generating the characteristic pulsatile pattern of GnRH release. In my PhD I have examined 
the function of ARN kiss neurons by studying their electrical activity. To do this I have first characterized a 
novel reporter mouse line in which green-fluorescent protein (GFP) is expressed in kisspeptin neurons 
(Kiss/GFP mice). In this mouse line, I demonstrated that 92 ± 1% and 78 ± 5% of GFP neurons in the ARN 
represent kisspeptin neurons in female (n=8) and male (n=6) Kiss/GFP mice. In order to examine the 
functional characteristics of ARN kiss neurons with respect to the negative-feedback hypothesis, I 
performed cell-attached electrophysiology experiments on ARN kiss neurons in 200µm thick acute brain 
slices. Analysis of firing rates in diestrous (n=18), proestrous (n=18) and ovariectomized (n=18) female 
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Kiss/GFP mice revealed that the spontaneous firing rate of ARN kiss neurons was lowest in ovariectomized 
female mice. This finding is opposite to the proposed theory of how ARN kiss neurons mediate negative 
feedback. Additionally, the spontaneous firing rate of ARN kiss neurons of male Kiss/GFP mice (n=30) was 
unexpectedly found to be significantly higher than any of the female groups. In order to test whether ARN 
kiss neurons might intercommunicate via their coexpressed neuropeptides, I used cell-attached 
electrophysiology to examine the response of ARN kiss neurons to kisspeptin, dynorphin, and NKB in 
200µm thick acute brain slices. Kisspeptin (100nM) had no effect on ARN kiss neuron firing rate (n=8). In 
contrast, 1µM dynorphin (n=6) and the κ-opioid receptor agonist 2µM U50-488 (n=7) significantly inhibited 
the firing of all ARN kisspeptin neurons tested and this was blocked by the κ-opioid receptor antagonist 
100nM nor-Binaltorphimine (n=7). NKB (50nM) (n=16) and the neurokinin-3 receptor agonist Senktide 
(n=9) significantly increased the firing rate of almost all ARN kiss neurons. Surprisingly, whereas 
neurokinin-3 receptor antagonists abolished the effect of Senktide, a cocktail of neurokinin-1, neurokinin-2 
and neurokinin-3 receptor antagonists was required to abolish the effect of NKB. Additionally, using whole-
cell electrophysiology I found that agonists to neurokinin-1 and neurokinin-2 directly depolarize ARN kiss 
neurons. To summarize, the functional investigation presented here reveals a novel sex difference in ARN 
kiss neuron function, and provide evidence contrary to the proposed model of how ARN kiss neurons 
contribute to negative feedback. Additionally, the responses of ARN kiss neurons to their coexpressed 
peptides support the theory that ARN kiss neurons form an interconnected network and reveal a previously 
unknown complexity in NKB signalling on ARN kiss neurons. Current studies aim to investigate precisely 
how these neurons are connected within the ARN.  
 
2A.2 Hubbard Prize Finalist 

Hypertension-induced plasticity in vasopressin neuron activity in Cyp1a1-Ren2 (inducible 

hypertensive) rats 
1,2Su Young Han, 2Daryl O. Schwenke and 1,2Colin H. Brown 
1Centre for Neuroendocrinology and 2Department of Physiology, University of Otago  
 
Circulating vasopressin (VP) levels are paradoxically elevated in some hypertensive patients. To investigate 
the underpinning mechanisms of increased VP levels, we characterised the activity of supraoptic nucleus 
(SON) VP neurons during the induction of hypertension during the induction of moderate hypertension in 
Cyp1a1-Ren2 rats. Cyp1a1-Ren2 rats have the transgene Cyp1a1-Ren2 (comprised of the mouse renin, Ren-
2, gene fused to the cytochrome P450, Cyp1a1, promoter), inserted in the Y-Chromosome of Fischer 344 
(F344) rats. Activation of the Cyp1a1 promoter by dietary administration of indole-3-carbinol (I3C) results 
in a fixed level of Ren-2 gene expression and leads to the development of angiotensin II (AngII)-dependent 
hypertension. In extracellular single-unit recordings from urethane-anaesthetized rats, the basal firing rate of 
SON VP neurons in Cyp1a1-Ren2 rats fed 0.225% I3C for seven days was significantly higher (8.8 ± 0.8 
spikes s-1; n = 23) than in F344 rats (6.3 ± 0.7 spikes s-1; n = 30) and Cyp1a1a-Ren2 rats fed ordinary diet 
(6.1 ± 0.5 spikes s-1; n = 22). Hypertensive Cyp1a1-Ren2 rats exhibited a blunted baroreflex inhibition of VP 
neuron activity in response to acute increases in blood pressure. Infusion of the AngII AT1 receptor 
antagonist, losartan, into the subfornical organ did not prevent the hypertension-induced increase in VP 
neuron firing rate, or the blunting of the baroreflex inhibition of VP neurons. The loose-seal cell-attached 
patch clamp recording from the SON neurons in acute brain slices revealed that a GABAA receptor 
antagonist, bicuculline, increased SON neuron firing rate from normotensive Cyp1a1-Ren2 rats (0.3 ± 0.1 to 
9.9 ± 3.7 spikes s-1; n = 14), but not those from hypertensive Cyp1a1-Ren2 rats (0.8 ± 0.4 to 1.0 ± 0.7 
spikes s-1; n = 17). Taken together, the increase in VP neuron activity early in the onset of hypertension is 
likely to be, at least in part, driven by a reduction or reversal of baroreceptor-mediated inhibition of VP 
neurons, underpinned by a switch from GABA inhibition to excitation. The plastic changes in VP neuron 
activity might play an important role in exacerbating hypertension in the early stages of its development. 
 



21 
 
 

 

2A.3 Hubbard Prize Finalist 

Necrotic trophoblasts and antiphospholipid antibodies: A deadly combination? 

Sien Yee Lau1,2, Sarah-Jane Guild1,Qi Chen2, Larry Chamley2, Carolyn Barrett1 
1Department of Physiology, University of Auckland, Auckland. 2Department of Obstetrics and 
Gynaecology, University of Auckland, Auckland 
 
Preeclampsia is characterised by de novo hypertension, proteinuria and systemic inflammatory response 
during pregnancy which is preceded by endothelial cell activation. Preeclampsia is triggered by a placental 
factor(s), one of which may be necrotic trophoblast debris that is shed from the placenta into the maternal 
blood. Clearance of necrotic trophoblast debris results in endothelial cell activation in vitro and results in a 
relative increase in blood pressure in vivo.  There are also maternal risk factors for preeclampsia, the 
strongest of which are antiphospholipid antibodies (aPL).  We present a two part model observing the 
interaction between aPL and necrotic trophoblast debris on blood pressure, markers of endothelial cell 
activation and urinary protein.  Pregnant female Wistar rats instrumented with radio-telemetry blood 
pressure devices were received necrotic trophoblasts and aPL (n=10) or control antibodies (n=5).  Fifteen 
further rats received only aPL (n=10), or control antibodies (n=5), in the absence of necrotic trophoblasts.  
Mean arterial blood pressure was not different between rats that received control antibodies or aPL with 
necrotic trophoblasts.  However, heart rate was lower and serum interleukin-6 and urinary protein levels 
were elevated in rats that received necrotic trophoblasts and aPL. In conclusion, antiphospholipid antibodies, 
the strongest maternal risk factor in preeclampsia, may interact with necrotic trophoblasts to heighten the 
systemic inflammatory response which precedes the clinical onset of hypertension in preeclampsia.   
 
*2A.4 

Adipokines alter behaviour of endometrial cancer cells.  

M. Majid, K. Chitcholtan, P.H. Sykes, J.J. Evans 
Department of Obstetrics and Gynaecology, University of Otago, Christchurch  
 
Obesity is a significant risk factor in the development of endometrial cancers and poses one of the greatest 
health threats.  Furthermore morbid obesity is associated with a significantly increased risk of death from 
endometrial cancers. The mass of adipose tissue is different in obese and lean individuals and the levels of 
growth factors including leptin, adiponectin, insulin, and insulin like growth factor-1 (IGF-1), are varied. 
Therefore, these protein molecules may have a crucial role on development of endometrial cancers. We 
cultured cells of an endometrial adenocarcinoma cell line (Ishikawa) and after replating on 24-well tissue 
culture dishes protein factors were added and the cells examined after 48 hours. Leptin (20-100 ng/ml), IGF-
1 (20-100 ng/ml) and insulin (20-100 ng/ml) increased proliferation of endometrial cancer cells. On the 
other hand adiponectin (50-100 ng/ml) decreased proliferation, but with an n-shaped concentration effect 
whereby at low concentrations (20 ng/ml) adiponectin was stimulatory. Leptin, IGF-1 and insulin decreased 
vascular endothelial growth factor (VEGF) secretion, VEGF being a compound central to maintenance and 
growth of solid tumours.  Adiponectin stimulated VEGF secretion from the cancer cells. Thus each of the 
peptides has effects on proliferation and VEGF secretion that are, counterintuitively, both favourable and 
deleterious to cancer survival.  Interestingly for adiponectin, which is considered an adipokine that is 
favourable to the patient, the lower levels that are clinically found in women with endometrial cancer may 
be enhancing tumour survival. The results suggest that adipokines mediate effects that may lead, in a 
complex network, to cancer in obese women. 
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*2A.5 

Modeling glucose sensing in the ileum   

Aaron Lee Smith1, Edward Walker2, Vinod Suresh1,3, John Ingram2 
1Auckland Bioengineering Institute, University of Auckland, 2Plant and food Research Limited, Auckland, 3 
Department of Engineering Science, University of Auckland 
 
The small intestine plays a major role in regulating nutrient absorption, gastric emptying and appetite 
control. The entry of macro-nutrients into the distal small intestine (ileum) activates a response known as the 
ileal brake, characterised by the secretion of gut hormones glucagon-like-peptide 1 (GLP-1) and peptide YY 
(PYY) from enteroendocrine L-cells, a reduction in gastric emptying and intestinal motility and the 
activation of satiety centres in the brain. For this reason, the ileal brake is a focus for reducing the incidence 
of obesity and type II diabetes. While it is known that L-cells secrete these hormones in response to glucose, 
the precise mechanism by which glucose is sensed and activates hormones secretion remains unclear. One 
hypothesis suggests that co-transport of sodium with glucose through sodium-dependent glucose 
cotransporter 1 (sGLT1) leads to cellular depolarization, calcium influx and hormone release. We have built 
a mathematical model of the key elements in the sGLT1 mediated pathway by extending previously 
published steady state models for sGLT1, Na/K antiporter and the ATP sensitive potassium transporter 
(KATP) to include dynamic changes in sodium and potassium concentrations and membrane potential using 
the GHK equations. Using parameters estimated from literature, the model predicts that a glucose stimulus 
causes membrane depolarisation (from -70 mV to 20 mV) which is sustained until glucose is removed. The 
magnitude of this depolarisation would be sufficient to open L-type (voltage gated) calcium channels 
leading to calcium influx and subsequent hormone release. The model is sensitive to intracellular ATP/ADP 
ratio, and external sodium, potassium and glucose concentrations.  Utilising human enteroendocrine cell-
lines (HUTU80, NCI-H716) we have identified the expression of key model components and are working on 
gathering empirical evidence to validate the model.  

*2A.6 

Behaviour of cancer cells on a surface imprinted with their own features 

T. Tan1, P.H. Sykes1, M.M. Alkaisi2,3, J.J. Evans1,3 

1Department of Obstetrics and Gynaecology, University of Otago, Christchurch, 2Department of Electrical 
and Computer Engineering, University of Canterbury, 3MacDiarmid Institute of Advanced Materials and 
Nanotechnology 
 
Cells sense and actively respond to the surrounding microenvironments; an appropriate biomechanical force-
mediated feedback loop between cells and their environment is crucial for optimal cell functioning whereas 
an imbalance may promote pathological development, including cancer. Conventional cell culture that uses 
flat tissue culture surfaces is a convenient method to study bimolecular aspects in cancer cells. Despite its 
extensive use, this culture method ignores the effects of physical forces in the microenvironment on cancer 
cells. By applying a hot embossing technique, cell culture platforms were patterned to contain a hard copy of 
either a positive or negative impression of the cells. This culture surface is termed a ‘Bioimprint’ and is 
believed to be more accurate in replicating biomechanical in vivo signals. Characteristics of cells, including 
morphology, activation of adhesion molecules and proliferation, were studied.  Cells of an endometrial 
adenocarcinoma cell line, Ishikawa, on Bioimprint, compared to culture on flat surfaces, exhibited restricted 
spreading and were of smaller size, as well as having lower adhesion molecules activation and less 
proliferation. This study of cell behaviours on patterned surfaces provides information on how cancer cells 
respond to surface topology. The observations support the emerging concept that understanding the physical 
environment of cells may lead to new cancer treatments in which cancerous cells may be altered such that 
their behaviour becomes normal. 
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Session 2B: Bioengineering New Zealand Free Communications (*ABI-John Carman 

Prize Finalists) 
 
*2B.1 

Rapid assessment of the in-plane sarcomere length distribution of cardiac trabeculae 

Alex Anderson1, June-Chiew Han1, Poul Nielsen1,2, Andrew Taberner1,2 

1Auckland Bioengineering Institute, 2Department of Engineering Science, University of Auckland, 
Auckland 
 
The Auckland Bioengineering Institute has previously developed and deployed a flow-through 
mechano-calorimeter for simultaneous measurement of heat output and force production from isolated 
specimens of heart tissue. While retaining the heat and mechanical measurement capabilities of our current 
device, we have added: transmission microscopy and laser diffraction to concurrently measure sarcomere 
length; fluorescence microscopy for measuring the [Ca2+]i transient; a new miniature electro-mechanical 
muscle length-force actuator to allow the muscle to be scanned through the optical axes in situ. Introducing a 
transmission microscopy imaging modality, in concert with scanning functionality, allows us to assess the 
sarcomere-length distribution throughout the muscle in the focal plane. Initial experiments were performed 
on quiescent muscle to validate the system. We present data from these experiments, quantifying the change 
in sarcomere-length distribution throughout the tissue as the muscle undergoes progressively increasing 
strain. We also describe the suite of physiological experiments we plan to perform as we bring the various 
instrument modalities on-line. 
 
*2B.2 

The forward problem of electrocardiography: Is it solved? 

Laura Bear1, B. Smaill1,2, I. LeGrice1,2, G. Sands1, N. Lever3,4, D. Paterson1,5, L. Cheng1 
1Auckland Bioengineering Institute, University of Auckland, Auckland, 2Dept. of Physiology, University of 
Auckland, Auckland, 3Dept. of Medicine, University of Auckland, Auckland, 4Auckland City Hospital, 
Auckland, 5Dept. of Physiology, Anatomy & Genetics, University of Oxford, Oxford, UK 
 
Characterization of the relationship between electrical sources in the heart and body surface potentials (the 
'forward problem' of electrocardiography) is a key step in reconstructing of cardiac electrical activity from 
measured body surface potentials (the 'inverse problem'). This study uses experimental data to validate the 
accuracy of different forward models. In anaesthetized closed-chest pigs (n=5), body surface and epicardial 
potentials were recorded simultaneously during sinus rhythm, and during pacing from epi- and endocardial 
sites. To reconstruct experiment-specific, homogeneous and inhomogeneous (including lungs, anisotropic 
skeletal muscle and subcutaneous fat) volume conductor models, post-mortem MRI was performed, with 
normal lung inflation and cardiac filling.  Recorded epicardial potentials were applied to both homogeneous 
and inhomogeneous forward models and compared to recorded body surface potentials. Correlation 
coefficients between recorded and simulated body surface potentials were high (0.85+/-0.09) with no 
significant difference between homogeneous and inhomogeneous solutions. In spite of this good correlation, 
there was substantial variance between simulated and measured body surface potential distributions. For 
homogeneous simulations, potential amplitudes were 54-78% greater than those measured, and the distance 
between maximum and minimum potential locations were 23-51% less. Predicted and observed axis angles 
defined by these locations, and attenuation of adjacent potentials were also significantly different (p<0.05). 
Inclusion of inhomogeneites in the forward model reduced, but did not completely eliminate these errors.  
These results demonstrate that homogeneous volume conductor models introduce substantial spatial 
inaccuracies in forward problem solutions. They further suggest that inclusion of realistic inhomogeneous 
torso electric properties should result in more accurate inverse reconstructions of epicardial potentials. 
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*2B.3 

Simulating supine and upright lung tissue mechanics using CT and tomosynthesis imaging 

Ho-Fung Chan, Merryn Tawhai, Alys Clark 
Auckland Bioengineering Institute, University of Auckland, Auckland  
 
Lung tissue is deformable, which enables it to inflate when we breathe, delivering oxygen to the blood 
supply. Damage of the lung tissue because of disease or the aging process can affect the lung function by 
altering the mechanical properties of lung tissue. However, changes to the distribution of lung tissue can also 
occur between different postures. This makes assessment of lung function from imaging difficult as very 
different conditions, with different implications for the patient can present similarly in imaging, and high-
resolution imaging, which is acquired in the supine posture, cannot be directly related to normal function, 
which is generally upright. Using computed tomography (supine) and upright tomosynthesis imaging, we 
present the first analysis of the implication of moving between supine and upright postures that incorporates 
the change in shape of the lung between postures. Using a computational model of lung tissue mechanics, 
we simulated the deformation of lung tissue in both postures. We show that the gravitational density 
gradients from the upright posture tissue mechanics simulations were steeper than the ones seen in the 
supine simulations due to higher upright volumes. This confirms differences in function between the supine 
and upright postures. The model suggests that differences may not be entirely due to volume change, as 
isotropic expansion of the lung between supine and upright volume does not result in the same tissue density 
distribution as simulations incorporating a shape change. The results will help with future image registration 
and reconciliation of imaging techniques, with the purpose of long term monitoring of the lung between 
postures. 
 

*2B.4 

A computational model of the human placental chorionic villous 
Mabelle Lin1, Merryn Tawhai1, Alys Clark1 
1Auckland Bioengineering Institute, University of Auckland, Auckland  

 
During pregnancy, the placenta provides the only interface between the mother and fetus for the transfer of 
nutrients and oxygen that are required for fetal development.  In pregnancy complications such as 
preeclampsia and intrauterine growth restriction (IUGR), it has been observed that chorionic villi (which are 
structural and functional subunits of the placenta) display abnormal structural morphologies.  These 
morphologies are known to affect placental function, which may, in turn, adversely affect fetal 
development.  At this stage the causes of these structural abnormalities remain speculative, and it is not clear 
whether they are a cause of, or a result of, pathology.  To further our understanding of preeclampsia and 
IUGR it is therefore crucial to establish a good understanding of the development process of the chorionic 
villous structure. We have developed a computational model of the chorionic villous in early pregnancy, 
during the period when the maternal blood vessels supplying the placenta transform from plugged vessels to 
open conduits through which blood can freely flow. The model considers from 9 weeks gestation, when little 
to no blood is thought to flow from these vessels, to 16 weeks where blood flows freely. The oxygen 
distribution in the chorionic villous is estimated based on oxygen sources (i.e. maternal blood) and oxygen 
sinks (i.e. fetal oxygen uptake and placental metabolism). We analyse the effects of increasing maternal 
blood flow velocities on oxygenation of the chorionic villous over this time period. We show that some 
maternal blood flow is critical to provide oxygen to the placenta, even at stages of pregnancy when blood 
flow cannot be visualised by ultrasound.  However, we predict that increases in blood flow in early 
pregnancy can only result in modest increases in oxygenation before the driving pressure to provide this 
flow becomes unphysiological.  To attain sufficient oxygenation in early pregnancy, we postulate that flow 
exiting from the maternal spiral arteries has to be unobstructed by the developing chorionic villi. 
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*2B.5 

Action potential propagation in a nerve geometrical model of the human foot 

Muhammad Zeeshan Ul Haque, Peng Du, Leo. K Cheng, Marc. D Jacobs 
Auckland Bioengineering Institute, University of Auckland, Auckland  
 
Nerve conduction studies (NCS) are frequently used to diagnose the diabetic neuropathy in the large 
myelinated sensory nerve fibers of the human foot by determining the sensory nerve action potential 
(SNAP) as well as the nerve conduction velocity (NCV). The SNAP indicates the quantity of large 
myelinated nerve fibres that are responsible for the conduction of action potentials and CV represents how 
the sensory nerve action potential moves along a myelinated sensory nerve fibre. While NCS remains the 
gold standard method for disorder evaluation but some problem studies still unsolved i.e., the examination is 
limited to the complete passage of the peripheral nerves. A computational model of the nerves may serve as 
a useful tool to solve this problem. Consequently, in this study we describe the development of a 1D 
functional model of the nerves of the human foot. This model was based on the implementation of the 
previously developed CRRSS electrophysiological model in the various larger nerves from our previously 
developed geometrical nerve model of the foot. The Bidomain equations were used to model the action 
potential propagation along the nerve fibres. The length of the selected foot’s larger nerve was based on the 
literature studies with a standard length of 10 cm between the stimulating and recording electrical sites of 
the particular nerves. Preliminary results from our functional model demonstrate that the action potential 
propagated from the distal site of the first branch of medial dorsal cutaneous nerves (MDCN) to the 
proximal region of the MDCN and the NCV of 43 m/s was obtained from our developed model which is 
very closely matched with the NCV (41.8 – 46.9 m/s) published in the literature for the same region of the 
nerve of the foot. In forthcoming studies, this model will be used to investigate different functional 
outcomes of peripheral diabetic sensory neuropathy such as distal symmetrical axonopathies, demyelination, 
conduction block etc. based on previously published literature studies. We envisage that this model can be 
used by clinicians to augment diagnosis of diabetic neuropathy in its initial stages. 
 
*2B.6 

Structure-function relationship in heart failure 
Alexander Wilson1,2, Vicky Wang1, Greg Sands1, Martyn Nash1, Ian LeGrice1,2 
1Auckland Bioengineering Institute, University of Auckland, Auckland, 2Department of Physiology, 
University of Auckland, Auckland 
 
Heart failure (HF) occurs when cardiac function is limited and the heart is unable to pump sufficient blood 
to meet the body’s requirements.  During development of HF changes occur in the structure of the 
myocardium which is termed cardiac remodelling.  HF has conventionally been characterised by impaired 
contractile performance.  It is now known that equal numbers of patients with HF symptoms have normal 
contractile function but impaired diastolic function (filling). For this form of HF, conventional treatment is 
largely ineffective and new treatment approaches are required.  These approaches will be informed by an 
increased understanding of the effects of structural remodelling on cardiac function, gained by combining 
measurements of structure and function within a modelling environment. We use the spontaneously 
hypertensive rat (SHR) as an animal model of HF as it progresses through diastolic to systolic dysfunction.  
Groups of untreated SHRs at various stages of HF are compared with both angiotensin converting enzyme 
(ACE) inhibitor-treated SHRs and Wistar Kyoto (WKY) control rats.  Cine MRI analysis provides in vivo 
global deformation, ejection fraction and relaxation times while MRI tagging allows a 3D kinematic analysis 
of local longitudinal, circumferential, radial and torsional ventricular strains.  In vivo left ventricular 
pressures are recorded concurrent with the MR imaging.  Subsequently, passive ventricular compliance is 
measured in the isolated heart.  Cardiac microstructure is imaged using extended-volume confocal 
microscopy to reveal myocardial and collagen architecture.  These functional and structural measurements 
combine into a rich dataset which will aid development of new computer modelling tools including 
ventricular finite element models and material constitutive equations. 
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2B.7 

Modeling pharyngeal pressure in a human subject receiving Optiflow™ respiratory therapy 

Haribalan Kumar1, Callum Spence2, Merryn H. Tawhai1 
1Auckland Bioengineering Institute, Auckland, 2Fisher and Paykel Healthcare Ltd., Auckland  
 
A nasal high flow system produced by Fisher & Paykel Healthcare Ltd called OptiflowTM provides 
respiratory therapy by delivering heated and humidified gas via a cannula. Delivered cannula flow rates can 
exceed peak inspiratory demand and Optiflow™ is known to generate a low-level positive airway pressure. 
The magnitude of the positive airway pressure, however, has not been well defined and experimental 
measurements have shown inter-subject variability. Understanding the positive pressure delivered by 
Optiflow™ is important to ensure appropriate clinical application. Here we estimated the effect Optiflow™ 
has on airway pressures using computational fluid dynamics. Air flow through one three-dimensional nasal 
airway geometry was simulated on a computer with and without Optiflow™, and the air flow patterns and 
pressures mapped. The results showed that the pressure along the nasal airway during inspiration and 
expiration was strongly influenced by cannula and tracheal flow rates. Higher expiratory lung flow rates 
resulted in higher expiratory pharyngeal pressures. Peak inspiratory and expiratory pharyngeal pressures 
were higher than in a natural breathing case and increased with cannula flow rate. 
 
2B.8 

Null effect of dietary supplementation with Omega-3 fish oils on the mechanical efficiency of both the 

rat isolated working-heart and its tissues 

D. Loiselle1,2, A. Taberner1, J-C. Han1, K. Tran1, P. Nielsen1, L. Nisbet2, I. LeGrice1,2, S. Goo2  
1Auckland Bioengineering Institute, 2Department of Physiology, University of Auckland, Auckland 
 
It has been reported that a 6 to 16 week period of dietary supplementation with Omega-3 fish oils can 
achieve a two- to five-fold increase in the mechanical efficiency of the heart (1-3). These results rendered us 
sceptical, so we performed the following study. Male Wistar rats (aged 6 weeks) were divided into 3 diet 
groups: reference, fish oil-enhanced, or equicalorically supplemented with saturated fats, and fed the 
respective diet for 6-8 weeks. At the end of this period, the rats were anaesthetised with isoflurane and their 
hearts excised. Isolated working-heart experiments were performed using a Tyrode perfusate gassed with 
100% O2. Hearts were paced at 4 Hz at 32 ˚C, and subjected to a range of preloads and afterloads. Pressure-
volume work of the left ventricle, global myocardial VO2 and mechanical efficiency (ratio of work to VO2) 
were calculated. ANOVA revealed no effect of diet on mechanical efficiency across the three groups. 
Comparable results obtained when the performance of work and the output of heat of left-ventricular 
trabeculae isolated from the same hearts were measured microcalorimetrically. We conclude that dietary 
supplementation with Omega 3 enriched fish oils has no effect on the mechanical efficiency of the 
myocardium.  
This study was funded by the National Heart Foundation of New Zealand (Grant No 1428). 
1.  Pepe S, McLennan PL. Circulation. 2002; 105: 2303-2308. 
2.  Pepe S, McLennan P. J. Nutr. 2007; 137: 2377-2383. 
3.  McLennan PL, Abeywardena MY, Dallimore JA, Raederstorff D. Br. J. Nutr. 2012; 108: 645-654. 

Session 3A: PSNZ Free Communications 
 
3A.1 

Exacerbated alpha adrenoceptor-mediated vasoconstriction in obese rats during anaesthesia 

Carol T. Bussey, Anne E. de Leeuw, Regis R. Lamberts. 
Department of Physiology, Otago School of Medical Sciences, University of Otago, Dunedin  
 
Obese patients undergoing surgery have a higher risk of cardiovascular complications due to an unidentified 
instability in the regulation of blood pressure. The sympathetic nervous system is a crucial regulator of 
cardiovascular function, acting primarily through β- and α-adrenoreceptors (ARs). We aimed to determine 
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whether obesity alters cardiovascular AR responsiveness in vivo, and how this is affected by anaesthesia. 
Male Zucker Obese rats (n=7) and lean littermates (n=7) underwent dual implantation surgery at 16 weeks 
of age. A radiotelemetry device positioned in the abdominal aorta provided mean arterial pressure (MAP) 
and heart rate (HR) data, and a vascular access port positioned in the femoral vein provided non-invasive 
intravenous access. Animals were injected with incrementing doses of dobutamine (2-120 µg/kg) or 
phenylephrine (1-100µg/kg) to stimulate β- or α- ARs respectively, under conscious and anaesthetised (2% 
isoflurane) conditions. Obese animals were less sensitive to β-AR-mediated HR increases under conscious 
conditions (103±12 vs. 61±9 bpm; p<0.001 at 15µg/kg), although this difference was lost during anaesthesia 
(51±3 vs. 66±5 bpm; NS at 15µg/kg). α-AR stimulation elicited greater increases in MAP in conscious 
obese rats (53±5 vs. 70±3 mmHg; p<0.01 at 8µg/kg), an effect that was exacerbated by anaesthesia (41±5 
vs. 69±4 mmHg; p<0.001 at 8µg/kg). However, the most pronounced difference was that obesity interacted 
with anaesthesia, resulting in a significantly prolonged α-AR-mediated elevation in MAP compared to lean. 
While much focus has been directed at β-AR dysfunction in obesity, these data indicate the importance of α-
AR dysfunction as well. Inability of obese patients to appropriately alleviate excess blood pressure during 
anaesthesia may cause undue pressure on the heart and contribute to poor cardiac outcomes. These data 
suggest consideration of alternative pharmacological regimes during surgery may be required for obese 
patients. 
 

3A.2 

Accumulation of hyaluronic acid digestion products inhibits myelination in preterm brain lesions 

JM Dean1, T Fowke1, J Bai1, KD Hansen2, M Hagen2, L S Sherman3, SA Back2 
1Department of Physiology, Faculty of Medical and Health Sciences, University of Auckland, Auckland, 
2Departments of Pediatrics and 3Division of Neuroscience, Oregon National Primate Research Centre, 
Oregon Health & Science University, Portland, Oregon, USA. 
 

Preterm born infants exhibit high rates of permanent motor impairment associated with acute white matter 
injury and later myelination deficits. The myelination deficits in preterm white matter lesions involve a 
disrupted cellular repair mechanism where oligodendrocyte (OL) progenitor cells (OPCs) proliferate, but fail 
to fully differentiate to mature myelin producing OLs. The glycosaminoglycan hyaluronan (HA) 
accumulates in adult demyelinating lesions and has been implicated in the failure of OPC maturation and 
remyelination. Here, we tested the hypothesis that high molecular weight HA (HMW HA) accumulates in 
preterm white matter lesions, where it is processed into bioactive low molecular weight (LMW) digestion 
products that cause OPC arrest. White matter lesions generated in a preterm-equivalent rat model of 
hypoxia-ischemia, and forebrain slice cultures generated from newborn rats, were analysed for OPC 
maturation and myelination, and expression of hyaluronan and hyaluronidases (HYAL1-5, PH20). The 
effect of different molecular weights of HA on OPC maturation was also assessed in vitro. White matter 
lesions exhibited marked accumulation of pericellular HMW HA and the hyaluronidase PH20 (on reactive 
astrocytes). By real-time PCR, white matter lesions also exhibited a marked and progressive increase in 
PH20 hyaluronidase (but not other hyaluronidases), that coincided with the timing of OPC arrest. Slice 
cultures exhibited a similar pattern of HMW HA accumulation, PH20 expression, and OPC arrest to brain 
lesions. Further, in slice cultures (1) addition of PH20 to degrade endogenous HA, and (2) addition of LMW 
HA fragments generated by pre-digestion with PH20, both caused OPC arrest, while (3) blockade of PH20 
activity promoted OPC maturation and myelination. LMW HA fragments produced by elevated PH20 in 
preterm white matter lesions are sufficient to inhibit OPC maturation and myelination. Thus, 
pharmacological inhibition of PH20 may therefore be an effective method to promote myelination after 
preterm hypoxia-ischemia. 
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3A.3 

The biodiscovery arena – Peloruside, zampanolide, and beyond  

John H. Miller1,3, Peter T. Northcote2,3 
1School of Biological Sciences, 2School of Chemical and Physical Sciences, and 3Centre for Biodiscovery, 
Victoria University of Wellington, Wellington  
 
There are three stages in drug development and design. After the initial demonstration that a novel 
compound is biologically active, the next step is to identify its mode of action to allow its unique properties 
to be fully exploited for the treatment of disease. The final step is the pre-clinical and clinical testing to 
translate a drug lead into a clinical treatment. Just over 12 years ago, through an association with the natural 
product chemist Dr Peter Northcote and his graduate students, my research team deciphered the mode of 
action of the novel marine sponge metabolite, peloruside A, as a microtubule-stabilizing agent. This class of 
compounds is extremely useful for the treatment of solid tumours of the breast, ovary, and lung. Nine years 
later, a second marine sponge metabolite ‘surfaced’, zampanolide, which also conveniently turned out to be 
another potent microtubule-stabilizing agent. The next frontier is a third sponge metabolite, hamigeran G, 
with a possible role in Golgi function still to be confirmed. Peloruside and zampanolide are unique, with 
peloruside binding to a novel site on the microtubule from the clinically used anticancer drugs that bind to 
the taxane site and zampanolide binding to the classical taxane site but in a covalent fashion. This year, the 
microtubule-bound structure of both compounds has been solved to a few Å resolution by X-ray 
crystallography, greatly improving our understanding of how these agents stabilize microtubules, and how 
they might be used in combination with the taxane site drugs to better prevent cancer cell growth. As for 
hamigeran G and other novel active compounds, they represent the new frontier that constitutes the basis for 
biodiscovery in medicinal chemistry. 
 
3A.4 

Sympathetic regulation of the human cerebrovascular response to carbon dioxide  
K.C. Peebles1,2, O.G. Ball1, H.M. Horsman1, B.A. MacRae1, Y.C. Tzeng1 
1Department of Surgery and Anaesthesia, University of Otago, Wellington, 2Department of Physiology, 
University of Otago, Dunedin 
 
Although the cerebrovasculature is known to be exquisitely sensitive to CO2, there is no consensus on 
whether the sympathetic nervous system plays a role in regulating cerebrovascular responses to changes in 
arterial CO2.  To address this question we investigated human cerebrovascular CO2 reactivity in 18 healthy 
participants randomly assigned to the α1-adrenoreceptor blockade group (oral Prazosin, 0.05 mg kg-1) or the 
placebo control group.  We recorded mean arterial blood pressure (MAP), heart rate (HR), mean middle 
cerebral artery flow velocity (MCAvmean), and partial pressure of end-tidal CO2 (PETCO2) during 5% CO2 
inhalation and voluntary hyperventilation.  CO2 reactivity was quantified as the slope of the linear 
relationship between breath-to-breath PETCO2 and the average MCAvmean within successive breathes after 
accounting for MAP as a covariate.  Prazosin did not alter resting HR, PETCO2, MAP or MCAvmean. The 
reduction in hypocapnic CO2 reactivity following Prazosin (-0.48 ± 0.093 cm s-1 mm Hg-1), was greater 
compared to placebo (-0.19 ± 0.087 cm s-1 mm Hg-1, P < 0.05 for interaction).  In contrast, the change in 
hypercapnic CO2 reactivity following Prazosin (-0.23 cm s-1 mm Hg-1) was similar to placebo (-0.31 cm s-1 

mm Hg-1; P = 0.50 for interaction).  These data indicate that the sympathetic nervous system contributes to 
CO2 reactivity via α1-adrenoreceptors; blocking this pathway with Prazosin reduces CO2 reactivity to 
hypocapnia but not hypercapnia.  
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3A.5 

BNP signal peptide in the diagnosis of acute coronary syndromes 

Chris J. Pemberton1, Sally Aldous2, Mark Bailey1, Joanna Young1, Richard Troughton1, Martin Than3, Mark 
Richards.1 
1Christchurch Heart Institute, Department of Medicine, University of Otago, Christchurch, 2 Department of 
Cardiology, Christchurch Hospital, 3 Department of Emergency Medicine, Christchurch Hospital 
 
We have previously reported that the signal peptide of B-type natriuretic peptide (BNPsp) is present in the 
human circulation and may have utility as a biomarker of acute coronary syndromes (ACS). Here we report 
the results of a prospective, observational study assessing the potential clinical utility of BNPsp in the 
diagnosis of ACS in 505 patients presenting consecutively to Christchurch Hospital with chest pain. Patients 
had blood samples taken at presentation and 1, 2 and 24 hours after presentation for the measurement of 
BNPsp, troponin, proBNP and heart fatty acid binding protein (hFABP). Clinical and demographic data 
were also collected and patients were followed up at 45 days and one year. Diagnostic ability was 
determined by receiver operator curve (ROC) analysis. Spearman’s rank was used for correlation analysis. 
The study was approved by the Southern HDEC Committee. BNPsp did not have superior ability to 
diagnose acute MI compared with troponin, but when considered as the denominator in a ratio with troponin, 
it improved the sensitivity of both troponin T and I assays, resulting in a 2-4% increase in patients diagnosed 
within 2 hours, without incurring an increase in false positive results. Further, BNPsp in conjunction with 
other markers provided the best biomarker ratio for the diagnosis of unstable angina (ROC AUC = 0.76, 
P<0.001, sensitivity = 73%, specificity = 68%). In summary, BNPsp may have potential utility as an adjunct 
marker for the diagnosis of acute coronary syndromes, especially ischemia short of infraction, such as 
unstable angina. 
 
3A.6 

Pancreatic proglucagon products as unexpected modulators of insulin secretion 

Kevin W. Stewart1, ARJ Phillips2,3,4, L Whiting3,  GJS Cooper3,4,5 

1School of Engineering, Science & Primary Industries, Waikato Institute of Technology, Hamilton, 
2Department of Surgery, University of Auckland, 3School of Biological Sciences, University of Auckland, 
4Maurice Wilkins Centre for Molecular Biodiscovery, University of Auckland, 5Centre for Advanced 
Discovery and Experimental Therapeutics, University of Manchester 
 
Conventional wisdom holds that while insulin from pancreatic β cells has a feedback inhibitory action on 
glucagon from α cells, the reverse does not occur, and that glucagon (and all other known α pancreatic cell 
hormones) stimulate insulin release. Here we use an isolated rat pancreatic perfusion model to demonstrate 
that α cell peptides can inhibit the release of insulin in response to hyperglycaemia. Infusion of glucagon (1 
nM) markedly suppressed the insulin response to 20 mM glucose infusion. In an earlier study we identified a 
peptide similar to the alpha cell peptide glicentin-related pancreatic polypeptide (GRPP) that was present in 
greater quantities in islets from diabetic rats than normal rats. We have designated this peptide GRPP-like 
peptide (GRPP-LP)). GRPP and GRPP-LP originate from a different part of the proglucagon molecule than 
glucagon. Both also greatly attenuated the insulin response to hyperglycaemia. These observations may 
challenge some of the fundamental assumptions of the control of insulin release and help explain the 
hypoinsulinaemia associated with the genesis and progression of diabetes mellitus.   
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3B.1 

Prolactin action on GABAergic neurons is required for normal expression of maternal behavior in 

mice  

S. Cashen, C.M. Larsen, D.R. Grattan.  
Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin 
 
During pregnancy there is a dramatic increase in levels of serum prolactin, which is essential for normal 
expression of maternal behaviours postpartum. As yet, it is not known what neurons prolactin acts on in the 
maternal brain to prepare her to care for her offspring, but it has been shown that prolactin receptors are 
present on GABAergic neurons in forebrain nuclei implicated in the regulation of maternal behavior. Hence, 
we hypothesised that prolactin acts on GABAergic forebrain neurons to regulate maternal behaviors 
postpartum. To examine this hypothesis mice were bred using cre-lox technology to remove prolactin 
receptors specifically from brain neurons that express the GAT transporter (vGAT mice). When cre positive 
mice (mice lacking prolactin receptors on vGAT containing neurons), and controls (cre negative mice), were 
reproductively mature (6-8 weeks old) they were placed in individual cages and mated with a stud male. The 
male was removed when a post-coital vaginal mucus plug was present. All mice had a twenty day gestation; 
the day of parturition was designated as postpartum day 1 (PPD1). Maternal behavior was tested on PPD2 
by placing the mouse and three pups in a clean novel cage and observing all behaviours. On PPD3 maternal 
behaviour was tested in a similar manner in the home cage. Mice were also tested for anxiety on PPD4 in the 
light-dark box. vGAT cre positive mice showed significantly impaired maternal behaviour in the home cage, 
and in the novel cage, compared to control mice. vGAT cre positive mice did not display any aggressive 
behaviour to the pups, instead retrieving some while ignoring others. Cre positive mice did not appear to 
actively seek pups, even those on the periphery of the nest, to crouch over them in a lactating posture. 
Hence, not surprisingly, pup survival was dramatically reduced in the vGAT cre positive mice, compared to 
controls. There was no difference in levels of anxiety between the groups postpartum, nor was there any 
dramatic difference in serum prolactin levels. As such, these findings strongly suggest that prolactin acts 
through receptors on GABAergic neurons to stimulate the active components of maternal behaviour. 
Whereabouts in the brain prolactin acts on GABAergic neurons to have this effect remains to be 
investigated. 
 
3B.2 

High density lipoproteins (HDLs) induce a mild oxidative stress response in human coronary artery 

endothelial cells that increases cellular antioxidant protein expression and protects against 

inflammatory insult 

K.C-Y. McGrath1,2, X.H. Li1, A.K. Heather1,2 

1Gene Regulation Group, The Heart Research Institute, Sydney NSW 2042, Australia, 2Medical and 
Molecular Biosciences, University of Technology Sydney, Sydney NSW 2007, Australia 
 

This study tested whether anti-inflammatory effects of HDLs are secondary to their ability to induce a mild 
oxidative stress response. Human coronary artery endothelial cells (HCAECs) were exposed to reconstituted 
HDLs (rHDLs) for up to 16h. Superoxide (O2

-) and H2O2 levels, measured by HE and DCFH-DA 
respectively, were decreased by treating cells with 50µM butyl hydroxytolune (BHT). Apocynin (250µM), 
rotenone (1µM) or allopurinol (0.5mM) was used to block O2

- generation from NAPPH oxidase (NOX), 
mitochondrial oxidase and xanthine oxidase, respectively.  Gene expression was measured by microarray 
and verified by real-time PCR. Microarray identified 26 oxidative stress genes that were regulated by 
rHDLs. PCR confirmed significant (p<0.05) up-regulation of DHCR24 (8-fold), PTGS2 (5-fold), GSR (1.8-
fold, PRDX1 (2.3-fold), SOD1 (1.2-fold), TXNRD1 (2-fold), SELS (2.1-fold), SCARA3 (1.3-fold), NOX5 
(1.5-fold) and BNIP3 (1.3-fold) indicating that HDLs initiate a mild oxidative stress response. rHDLs also 
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increased O2
- levels by 20%(P<0.05) with an associated 1.5-2.0-fold increase in the redox sensitive genes, 

VCAM-1 and RANTES (p<0.05). The source of the O2
- was mitochondrial oxidase. HDLs induced the mild 

oxidative stress response in HCAECs within 1h of exposure with the antioxidant gene expression apparent 
by 8h and maximal at 16h. rHDLs induce a mild oxidative stress response in HCAECs that results in a small 
increase in intracellular ROS levels and subsequent induction of a strong antioxidant response. 
 
3B.3 

Nutrient restriction in early ovine pregnancy increases maternal plasma C-type natriuretic peptide 

concentration: An adaptive response to fetal growth restriction 

Sengodi Madhavan1, Timothy Prickett2, Martin Ridgway1 Martin Wellby1, Eric Espiner2, Graham Barrell1                          

 1Faculty of Agriculture and Life Sciences, Lincoln University, Canterbury, 2Department of Medicine, 
University of Otago, Christchurch 
 

Circulating maternal concentrations of C-type natriuretic peptide (CNP) and the co-secreted amino terminal 
peptide (NTproCNP) increase progressively from around 40 days of gestation in normal ewes.  Because the 
achieved maternal plasma concentrations are strongly correlated with litter size, we postulated that the levels 
reflect an adaptive response to nutrient induced fetal growth restriction. Accordingly we examined responses 
in Coopworth ewes bearing twins that received 100% of ME nutrient requirement (group C, n = 7) or were 
restricted (group R, n = 9) to 50% of this level, from days 30 to 94 of gestation. Group C (control) ewes 
gained weight (mean increase 6.3 ± 0.8 kg) whereas group R ewes lost weight (mean decrease 4.7 ± 0.4 kg) 
during the treatment period. Total fetal weight (1.54 ± 0.03 vs 1.74 ± 0.05 kg) was reduced in group R (P < 
0.01), but placental weight and placentomal size/type did not differ.  Maternal plasma CNP and NTproCNP 
concentrations increased above baseline after 40 days, achieving levels that were significantly higher in 
group R (P < 0.01). This is the first report showing that sustained increase in plasma concentration of 
maternal CNP peptides occurs in response to chronic nutrient restriction in early gestation.  Together with 
previous findings, the results support the view that these increases in sheep represent an adaptive response to 
signals generated by the growth restricted fetus.   
 
3B.4 

Estren treatment attenuates beta amyloid-induced cholinergic and behavioural deficits  

Andrea Kwakowsky, Soo Hyun Kim, Warren P. Tate, István M. Ábrahám 
Centre for Neuroendocrinology and Department of Physiology, Otago School of Medical Sciences, 
University of Otago, Dunedin 
 
Rapid non-classical estradiol (E2) signaling plays a critical role in E2-induced neuroprotection. Estren (4-
estren-3α, 17β-diol) is a selective non-classical estrogen like signaling activator with neuroprotective effects 
in vitro. Alzheimer’s disease (AD) is the most common form of neurodegenerative dementia. Numerous 
studies revealed that cholinergic neurons in the basal forebrain are involved in AD pathogenesis and its 
accompanying cognitive deficits. In this study, we have examined the effect of estren treatment on Aβ1-42-
induced cholinergic neurotoxicity and behavioural deficit in vivo. Adult female wild-type mice that received 
unilateral Aβ1-42 injection into the substantia innominata-nucleus basalis magnocellularis complex (SI-
NBM) of the basal forebrain showed ~30 % decrease in cholin-acetyltransferase (ChAT) -immunoreactive 
cell bodies in the SI-NBM and acetylcholinesyterase (AChE)-stained fibers in the somatosensory cortex of 
the lesioned hemisphere. A single injection of estren 1 h after Aβ1-42 administration did not have an effect on 
cholinergic cell loss in the SI-NBM, but it restored the ipsilateral cholinergic fiber density in the 
somatosensory cortex in a dose-dependent manner. The most effective cholinergic fiber restoration was 
observed with 33 ng/g estren treatment (p < 0.01), while the 0.33 ng/g estren administration had no 
significant effect. Mice that received bilateral injection of Aβ1-42 into the SI-NBM demonstrated impaired 
learning skills compared to control groups in both tests. However, a single 33 ng/g estren treatment was able 
to restore the deficits of learning behaviours. In summary, these findings indicate that estren might hold 
potential as a molecular target for the treatment of AD. 
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3B.5 

Kisspeptin regulation of arcuate neuron excitability in Kiss1r knockout mice 

Xinhuai Liu, Allan Herbison 
Centre for Neuroendocrinology and Department of Physiology, University of Otago School of Medical 
Sciences, Dunedin  
 
Kisspeptin stimulates GnRH neurons through kisspeptin receptors (kiss1r/Gpr54). However, given the 
widespread distribution of kisspeptin and its receptor in the brain, and other tissues, it is likely that these 
molecules modulate a range of physiological processes. It has recently been shown that kisspeptin can excite 
directly one group of neurons but inhibit indirectly other neurons located in the arcuate nucleus (ARN) of 
the hypothalamus. The effects of kisspeptin, and receptors involved in mediating these actions, in ARN were 
re-examined using acute brain slices from wild-type and a global kiss1r knockout mice and patch clamp 
electrophysiology. Kisspeptin, in a dose-dependent manner, decreased action potential (AP) firing by 
69±6% in 36% of kisspeptin-responding ARN neurons and increased AP firing by 52±4% in the remaining 
64% of cells. Unexpectedly, the same results were found in wild-type and kiss1r knockout mice. The 
kisspeptin-induced inhibition was blocked by RF9, an antagonist of NPFF1 (Gpr147) and NPFF2 (Gpr74) 
receptors. Kisspeptin action on ARN neurons resulted in closing K+ channels or opening non-selective 
cation channels to excite, and in opening K+ channels to inhibit ARN neurons. Most of the kisspeptin-
induced increase in ARN neuron firing was blocked, but kisspeptin-induced inhibition was not, by the 
cocktail of amino acid ionotropic receptors antagonists. In conclusion, we show the surprising results that 
kisspeptin exerts actions on ARN neurons not through the kiss1r (Gpr54) but using NPFF1 (Gpr147)/NPFF2 
(Gpr74) receptors. 
 
3B.6 

An international study of adult height in relation to cancer incidence from 24 anatomical sites. 

Jo K. Perry1, Yannan Jiang2, Dong-Xu Liu1, Roger J. Marshall3 
1Liggins Institute, University of Auckland, 2Department of Statistics, University of Auckland, 3Section of 
Epidemiology & Biostatistics, School of Population Health, University of Auckland, Auckland 
 
Anthropometric indices such as childhood growth and height attained in adulthood are widely recognised as 
measures of better health and nutrition. However, somewhat paradoxically, increased adult height has also 
been associated with an increased incidence of certain malignancies. To evaluate the relationship we 
performed an ecological analysis of country-specific cancer rates and average adult height, of women (in 
111 countries) and of men (in 64 countries), for twenty-four anatomical cancer sites. Weighted mixed model 
regression analysis was conducted, controlling for the effect of global regions. A significant positive 
association between adult height and the overall cancer rate was observed in both men and women. Site-
specific cancer incidence, for females, was positively associated with height at 14 out of 22 sites. Stronger 
associations were observed with cancers of the breast, kidney, colorectum, bladder, lung, corpus uteri, ovary 
and melanoma. A weak negative association was observed with cancers of the oesophagus and cervix uteri. 
In males, site-specific cancer incidence was positively associated with height at 11 out of 20 sites. Stronger 
associations were observed with cancers of the brain and nervous system, bladder, kidney, colorectum, 
prostate, testis, multiple myeloma and melanoma.  In conclusion, adult height was positively associated with 
an increased incidence of cancer in the majority of sites investigated. Proposed mechanisms which may 
contribute to the association include nutrition and early life exposure to hormones, including the growth 
hormone and insulin-like growth factor-1 (GH/IGF-1) axis. 
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*3B.7 

Can sympathetic hyperexcitation in obesity protect against pulmonary hypertension? 

C.T. Diong, E.A. Gray, P. Jones, D.O. Schwenke 
Department of Physiology, University of Otago, Dunedin 
 
The structural and functional changes of the pulmonary circulation during the pathogenesis of pulmonary 
hypertension (PH) remain to be fully elucidated. Pulmonary vascular tone is meticulously modulated, in 
part, by sympathetic nerve activity (SNA) which causes ß-adrenergic-mediated vasodilation of pulmonary 
vessels. Obesity has been linked to an enhanced sympathetic tone in both humans and obese Zucker rats. 
Thus, we hypothesize that an elevation in SNA in obesity may protect against the onset of PH due to 
enhanced β-adrenergic-mediated vasodilation of the pulmonary vessels. We are currently assessing the role 
of sympathetic modulation of the pulmonary vasculature in obese Zucker rats compared with their lean 
counterparts, with and without pulmonary hypertension. To do this, we are using methodological approaches 
including i) in vivo electrophysiology studies to directly record pulmonary SNA (pSNA) ii) state of the art 
synchrotron radiation microangiography to assess the transient dilation/constriction of pulmonary vessels in 
response to ß1 and ß2 blockade and iii) immunohistochemistry to assess the distribution of ß1 and ß2-
receptors in the pulmonary vasculature. In addition, we will use these techniques to assess potential 
differences in sympathetic modulation of hypoxic pulmonary vasoconstriction (8%O2 for 5 minutes) 
between obese and lean rats. Preliminary data will be presented. 
 
*3B.8 

Regulation of the stress response during pregnancy and lactation  

Papillon Gustafson1, Stephen Bunn1, David Grattan1 
1Department of Anatomy, University of Otago, Dunedin  
 
Increased stress during pregnancy and lactation is associated with increased post-partum maternal anxiety, 
impaired lactation, and the development of an anxiety phenotype in the offspring. To avoid these outcomes, 
the activity of the hypothalamic-pituitary-adrenal (HPA) axis, a mediator of the stress response, is attenuated 
at this time. This project aims to investigate the regulation of the stress response during pregnancy and 
lactation, specifically focussing on the possible role of prolactin. The activity of the corticotrophin-releasing 
hormone (CRH) neurons in the paraventricular nucleus (PVN) of the hypothalamus of late pregnant and 
lactating mice will be characterised in comparison to the non-lactating animal using in situ hybridisation and 
immunohistochemistry to measure the relative levels of mRNA and protein expression, respectively. The 
possibility that prolactin acts directly on the CRH neurons will be determined using double-label in situ 
hybridisation for CRH and the prolactin receptor and immunohistochemistry for phosphorylated signal-
transducer and activator of transcription 5 (pSTAT5), a marker of prolactin receptor activation, and CRH. 
Should the CRH neurons be unresponsive to prolactin, further studies will be conducted to determine if 
prolactin is acting within the PVN using viral-mediated delivery of Cre recombinase, stereotaxically injected 
into prolactin receptor floxed mice, thus deleting the prolactin receptor from this hypothalamic region. These 
studies should determine the anatomical site of action at which the elevated levels of prolactin present 
during lactation suppress activation of the stress response. 
 
*3B.9 

Trpv1 channel regulation of supraoptic nucleus magnocellular neuron activity in vivo 

Zoë Jaquiery1, Colin Brown1, Victoria Scott1, Rachael Augustine1 

Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin  
 
Vasopressin and oxytocin are produced in magnocellular neurons in the hypothalamus. They are critical 
components of the body’s mechanism for maintaining body fluid balance at the homeostatic set point. There 
are various afferent inputs to magnocellular neurons that regulate their activity, and therefore their 
maintenance of body fluid balance. It has been proposed that magnocellular neurons may also be 
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intrinsically sensitive to osmolality through stretch inactivated cation (Trpv1) channels. Therefore the first 
aim of this project is to use in vivo electrophysiology to record from magnocellular neurons in the supraoptic 
nucleus of virgin rats in order to determine the effect of Trpv1 channel blocker application on the firing rate 
of these neurons under basal conditions. During pregnancy and lactation there is a large increase in blood 
volume, and a decrease in plasma osmolality. This kind of deviation from the homeostatic set point for 
blood volume and osmolality would normally result in a change in activity of magnocellular neurons in 
order to bring the values back to set point. During pregnancy and lactation, the expanded blood volume and 
hypo-osmolality are maintained. The second aim of this project is to use in vivo electrophysiology in order 
to record from magnocellular neurons in the supraoptic nucleus of lactating rats, and determine the effect of 
Trpv1 channel blocker application on the firing rate of these neurons. My first hypothesis is that Trpv1 
channel activity contributes to the basal firing rate of magnocellular neurons in virgin rats in vivo, some 
preliminary data supports this hypothesis however further data is needed to support the trend. My second 
hypothesis is that during lactation Trpv1 channel activity is altered in order to maintain basal activity in the 
presence of chronic hypo-osmolality and expanded blood volume, further work is required to inform this 
hypothesis.  
 
*3B.10 

Prolactin signalling in the mouse median eminence  

Siobhan Kirk, Dave Grattan, Stephen Bunn 
Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin 
 
The median eminence (ME) is a highly organised structure, where neurosecretory neurons extend their 
termini to access the rich capillary bed on its ventral border. Neurons that extend here, a region outside of 
the blood brain barrier, secrete factors that regulate the hormonal output of the pituitary gland. Other 
hypothalamic neurons pass through the ME on their journey to the posterior pituitary, where their role is to 
release hormones directly into the circulation. A variety of specialised cell types such as ependymal 
tanycytes and endothelial cells enable these mechanisms to work efficiently. However, the role of the ME 
may not only be to secrete, but also to sense. Our data shows responses within the ME to intraperitoneal 
injections of prolactin. Wild type (WT) male (n=6), WT female (n=3) and STAT5b knockout mice (n=3) 
were administered bromocriptine to block endogenous prolactin, before being treated with or without ovine 
prolactin (2mg/kg). Twenty minutes post-treatment, the mice were euthanised with 0.3mg pentobarbitone 
and perfused with 4% paraformaldehyde. Hypothalamic tissue was collected and prepared into 30µm 
sections. DAB immunohistochemistry was used to visualise phospho-STAT5, a downstream effector of 
prolactin. Qualitative analysis shows prolactin treated WT male and female mice responded with high levels 
of punctate phospho-STAT5 staining in the ME and nuclear staining in the arcuate nucleus, whereas saline 
treated and STAT5b knockout mice showed almost no staining. This data suggests cells within the ME 
respond to changes in circulating prolactin with local phospho-STAT5 responses, identifying a potential 
sensory function. The lack of staining in knockout mice shows the staining is specific for STAT5b. Current 
experiments are investigating STAT5 responses over a time course of 2- 240 min with a view to comparing 
the relationship between ME and arcuate nucleus. 
 
*3B.11 

Rapid onset of cardiomyopathy in female diabetics 

Andrew Moore, Amol Shindikar, Ingrid Formison-Nurse, Rajesh Katare 
Department of Physiology, University of Otago, Dunedin 
 
Diabetic women are particularly prone to cardiovascular disease, with a five-fold increased risk of 
developing congestive heart failure compared with two fold for men.  This study aims to characterise the 
gender difference in the progression of the clinically distinct diabetic cardiomyopathy (DCM), which 
presents with isolated diastolic dysfunction in the absence of coronary artery disease or hypertension.  Using 
a type 1 diabetes mellitus mouse model, functional data was collected using echocardiography and a Millar 
catheter at 4, 8, 12 and 16 weeks of diabetes.  To date, several observations have indicated a faster 



35 
 
 

progression in females than males.  A reduced E/A ratio was observed for females at 8 weeks (P= 0.03), but 
not for males.  A decline in left ventricular (LV) dP/dt min (P=0.04), was present in females at 12 weeks, 
but not males.  Systolic dysfunction also appeared earlier in females, with reduced ejection fraction (P= 
0.04) and LV dP/dt max (P= 0.02) at 12 weeks.  Finally, calculating the percentage of change in the 
functional parameters with respect to non-diabetics showed more pronounced changes in the female than 
male diabetic heart.  These functional data will form a strong foundation to investigate the second aim of the 
study: to understand molecular basis of this gender difference. 
 
*3B.12 

Establishing the whole morphology of gonadotropin-releasing hormone neurons with optical clearing 

Angus Neill, Siew Hong Yip, Rebecca Campbell 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
 
Central to the control of reproduction is gonadotropin-releasing hormone (GnRH), a neuropeptide 
synthesized in and released from GnRH neurons in the hypothalamus. Our understanding of these neurons 
has traditionally been limited to cell body studies however technological advances have revealed extensive 
dendritic branching and projections. Despite this, research is still limited to in vitro slice preparations, a 
technique that can damage samples and may miss important aspects of morphology. We are currently 
optimizing a technical approach that combines the in vivo filling of GnRH neurons with optical clearing and 
long working distance confocal microscopy. This novel approach utilizes adenoviral vector-mediated 
expression of farnesylated enhanced green fluorescent protein (EGFPf) to fill whole GnRH neurons in vivo 
via a cranial injection. Excised brains are made transparent by exposure to ‘Scale’, a urea-based tissue 
clearing solution, enabling deep tissue imaging in large tissue samples. We have achieved Ad-iZ/EGFP 
injections that result in the expression of EGFPf in the cell membranes of small populations of GnRH 
neurons in the hypothalamus. Preliminary data reveals that somal, dendritic and axonal compartments can all 
be imaged and traced on a millimetre scale. We are currently applying this technique to identify the changes 
in GnRH neurons associated with neuronal activation during a pre-ovulatory LH surge trial. This technique 
presents a new approach for the study of GnRH neurons, enabling deep structures to be visualized, without 
the need for heavy sectioning. 
 
*3B.13 

The correlation between circulating and tissue levels of miR-1, miR-126, miR-133 and miR-208 in 

cardiovascular disease 

Thrishila Parshu Ram¹, Ingrid Fomison-Nurse¹, Pujika Munasinghe¹, Pankaj Saxena², Ashvini Menon², 
Richard Bunton², Ivor Galvin², Rajesh Katare¹ 
1Department of Physiology, Otago University, Dunedin, 2Department of Cardiothoracic Surgery, Dunedin 
Hospital, Dunedin  
 
Cardiovascular disease and stroke are the leading cause of death and disability among individuals with Type 
2 diabetes. MicroRNAs (miRs) are post-transcriptional regulators of gene expression which plays an integral 
role in both physiological and pathological aspects of the cardiovascular system. Recent evidence suggests 
that circulating miRs could also be novel biomarkers for cardiovascular diseases. While the correlation 
between the levels of circulating and tissue miRs are well documented in the animal models, whether the 
same exists in humans is still controversial. The aim of our study is therefore to (a) demonstrate if direct 
correlation exists between circulating and tissue levels of cardiac specific miRs and (b) determine whether 
there is any difference between diabetic and non-diabetic patients. Total RNA was extracted from the 
plasma, right atrial appendage (RAA) and left ventricular (LV) biopsy samples collected from patients 
undergoing on-pump coronary artery bypass graft surgery and analysed for the expression levels of 4 cardiac 
specific miRs (miR-1, miR-133, miR-208 and miR-126). Quantitative RT-PCR analysis (n=26) 
demonstrated a direct correlation of miR-126, inverse correlation of miR-133 and no correlation in the levels 
of miR-1 between plasma and RAA and LV. Further quantitative analysis of circulating miRs in plasma 
showed marked increase in the level of miR-1 (1.10±0.27), miR-126 (1.37±0.51) and miR-133 (1.99±0.49) 
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in diabetic compared to non-diabetic patients. RAA and LV also demonstrated marked changes in the level 
of miR-1, miR-126, miR-133 and miR-208 in diabetic patients. Our results therefore indicate that correlation 
between circulating and tissue miRs depend on the type of miRs and hence care should be taken while 
interpreting the results using the circulating level of miRs. Results also provide first evidence for the 
significant difference in the cardiac specific miRs between non-diabetic and diabetic patients with ischemic 
heart disease.  
 
*3B.14 

Does interleukin-6 alter chromaffin cell function in the mouse adrenal medulla? 

Danielle E. Tranter, Stephen J. Bunn 
Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin 
 
Adrenal medullary chromaffin cells play an important role in facilitating the acute stress response, through 
the production of catecholamines and neuropeptides. This occurs following presentation with appropriate 
stimuli, where homeostasis is threatened, or perceived to be so. Immune challenge is a form of stress, and an 
upregulation of both neuropeptides and enzymes involved in catecholamine synthesis has been observed in 
bovine chromaffin cells after treatment with the pro-inflammatory cytokine, interleukin 6 (IL-6). This 
response has the potential to then modulate inflammation via increased glucocorticoid output from the 
adrenal cortex, thus forming part of a bi-directional relationship between the immune and neuroendocrine 
systems. To investigate whether mouse chromaffin cells express the IL-6 receptor (IL-6R), adrenal glands 
from male mice were sectioned, and the medulla and cortex were separated under a dissecting microscope. 
Following this, total RNA was extracted and processed for PCR. Additionally, adrenal sections were 
processed for immunohistochemistry with an antibody to IL-6R. The PCR gave a positive result for IL-6R in 
both the medulla and cortex, and immunoreactivity was observed, particularly in the medulla. Subsequent 
experiments will focus on whether these receptors are activated in response to IL-6 by examining 
phosphorylation of Signal Transducer and Activator of Transcription 3, and measuring downstream changes 
in neuropeptide levels following administration of IL-6 or lipopolysaccharide. These experiments may 
provide greater understanding of immune-adrenal interactions, which have been implicated in various 
pathologies. 
 
*3B.15 

Analysing fetal hypothalamic gene expression influenced by maternal obesity 

Hannah Twigg, Christine Jasoni 
Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin 

  
It has been well established that changes in the environment in the womb can affect fetal development. It has 
been further shown that maternal obesity correlates with increased risk of the development of obesity in the 
offspring, however the mechanism of this relationship is not fully understood. We and others have observed 
that the offspring of obese mothers show altered development of axonal projections from cells in the 
hypothalamic arcuate nucleus (ARC). Based on this, we hypothesise that the expression of genes that 
regulate axon growth and guidance would be altered in fetuses developing in obese mothers when compared 
with controls. Quantitative PCR is being used to assess gene expression in the ARC at gestational day 15.5 
(GD15.5) and GD17.5, representing mid- and late-gestation, respectively. Specifically, we will examine the 
Robo genes (Robo1, Robo2 and Robo3), which produce receptors involved in axon guidance, and several 
genes involved in the Sonic hedgehog (Shh) signalling pathway – a key pathway for nervous system 
patterning and axon growth. In keeping with our hypothesis we anticipate that these developmental genes 
will be expressed in abnormal amounts in fetuses from obese mothers versus those from mothers of normal 
weight. With the incidence of obesity in the developed and developing world reaching epidemic proportions, 
an understanding of the mechanisms that underpin elevated risk for obesity are critical in order to best 
confront this disease. 
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*3B.16 

Do estrogens affect NGF-mediated differentiation of PC12 cells? 

Eloise Williams,  Jae Pyun,  Istvan Abraham , Stephen Bunn 

Centre for Neuroendocrinology and Anatomy Department, University of Otago, Dunedin 
 
Estrogens evoke various actions throughout the body, including the central nervous system, where they may 
have a neuroprotective role. These actions may be mediated by specific estrogen receptors, including, ERα, 
ERβ and GPR30. Recent evidence from our laboratory suggests that the estrogen, 17β estradiol (E2) may 
also interact with the nerve growth factor (NGF) receptor, TrkA. This study aims to establish the 
mechanisms involved in this interaction. NGF treatment of PC12 cells resulted in increased phosphorylation 
of TrkA. Interestingly, while E2 had no effect of its own it enhanced NGF mediated TrkA phosphorylation. 
As expected, chronic treatment with NGF caused PC12 cells to differentiate, with a subsequent increase in 
neurite outgrowth and a decrease in cell division. The E2 not only enhanced this NGF-mediated 
differentiation but also induced this differentiation independently. Current experiments are aimed at 
identifying the estrogen receptor subtype involved. These findings are significant because estrogenic 
modulation of this pathway may contribute to estrogen’s neuroprotective role. 
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P1 

JAK/STAT signalling in oxytocin neurons of the supraoptic and paraventricular nuclei during 

pregnancy and lactation 

Rachael A. Augustine, Colin H. Brown 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
 
Oxytocin neurons in the hypothalamic supraoptic nucleus (SON) and paraventricular nucleus (PVN) show a 
high degree of plasticity during pregnancy and lactation, which presumably enables episodic release of 
oxytocin at these times. We hypothesize that the pregnancy hormones, prolactin and placental lactogen, 
might be involved in driving these changes in oxytocin neurons. Prolactin activates the janus kinase and 
activator of transcription (JAK/STAT) pathway, which is regulated by feedback inhibition mediated by 
suppressors of cytokine signalling (SOCS). Here, we used quantitative PCR to investigate changes in the 
expression of genes related to the JAK/STAT pathway. We also investigated the phosphorylation of STAT5 
as a marker of activation of this pathway, in non-pregnant, pregnant and lactating rats by 
immunohistochemistry. We show that STAT5b gene expression in the SON and PVN was stable across 
pregnancy and lactation, compared to diestrous rats. By contrast, SOCS genes were upregulated in late 
pregnancy and lactation in the SON and PVN, suggesting that these might restrain over-activation of the 
JAK/STAT signalling pathway by high prolactin/placental lactogen during pregnancy and lactation. Nuclear 
pSTAT5 was expressed within oxytocin neurons, and this expression was increased by day 14 of pregnancy 
when endogenous concentrations of placental lactogen are persistently elevated. Blockade of prolactin 
receptors (PRLRs) with a PRLR antagonist reduced prolactin-induced pSTAT5 expression in the SON 
suggesting that prolactin specifically acts via the PRLR to activate JAK/STAT signalling in this area. 
 
P2 

Plasma Ghrelin signal peptide can exclude co-existent pneumonia in acute decompensated heart 

failure 

M.S. Byers1, M. Bailey1, M. Siriwardena1, L.K. Lewis1, J. Oliver1, R. Troughton1, A.M. Richards1,2, C.J. 
Pemberton1. 
1Christchurch Heart Institute, University of Otago, Christchurch, 2Cardiovascular Research Institute, 
National University Hospital, Singapore 
 

The rapid and accurate diagnosis of co-existent pneumonia in patients with acute decompensated heart 
failure (ADHF) is especially challenging for hospital emergency departments.  We tested the hypothesis that 
measurement of a circulating fragment from the signal peptide of preproGhrelin (GHRsp) can act as a 
biomarker for the detection of co-existent pneumonia and ADHF at hospital presentation in dyspnoeic 
patients. This prospective observational study includes 313 patients who presented consecutively to the 
Emergency Department of Christchurch Hospital, New Zealand with the primary complaint of dyspnoea.  
Patients with acute ST-elevation myocardial infarction, renal failure, receiving haemodialysis or <18 years 
of age were excluded.  Blood samples drawn at presentation (t=0), 14-48 hours after admission and at 
discharge were analysed to determine circulating GHRsp levels using our specific GHRsp 
radioimmunoassay. Two cardiologists independently reviewed all demographic, clinical and laboratory 
information to adjudicate diagnoses as ADHF, pneumonia or another diagnosis.  GHRsp test performance 
for diagnosis of ADHF and/or co-present pneumonia was determined by receiver operator curve (ROC) 
analyses (AUC, sensitivity, specificity, PPV, NPV).  Spearman rank correlations were performed at 
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presentation. P<0.05 was considered significant.  At presentation plasma GHRsp was significantly 
correlated with nt-ProBNP (r=0.398, P<0.001), blood urea nitrogen (r=0.332, P<0.001) and creatinine 
(r=0.310, P<0.001).  Test performance indices for GHRsp diagnosis are as follows: 

Diagnosis ROC AUC prevalence specificity sensitivity PPV NPV 

ADHF 0.584 130/313 0.843 0.243 0.523 0.611 
Pneumonia 0.705 54/313 0.826 0.526 0.357 0.896 
Pneu+ADHF 0.775 6/313 0.816 0.667 0.019 0.992 

We conclude that measurement of plasma GHRsp has high negative predictive value potentially assisting in 
ruling out ADHF complicated by pneumonia. 
 
P3 

Characterization of glutamate and GABA co-expression in hypothalamic kisspeptin neurons using 

transgenic mice 

Katja Czieselsky, Allan E. Herbison 
Centre for Neuroendocrinology, Department of Physiology, University of Otago School of Medical 
Sciences, Dunedin  
 

The neuropeptide kisspeptin has recently been identified as playing a key role in the activation of 
gonadotropin-releasing hormone (GnRH) neurons which induce puberty. The kisspeptin neurons are located 
in two different regions of the hypothalamus, termed the periventricular area of the third ventricle (RP3V) 
and arcuate nucleus (ARN). In the present study, we examined whether the amino acid neurotransmitters 
GABA and glutamate may also be expressed by RP3V and ARN kisspeptin neurons. To do this we took 
advantage of new transgenic mouse lines in which all cells expressing the vesicular glutamate transporter 2 
(glutamate neurons) or vesicular GABA transporter (GABA neurons) express Cre recombinase. By 
performing dual labeling immunohistochemistry for Cre (black-stained nuclei) and kisspeptin (brown-
stained cytoplasm) we have been able to determine which kisspeptin neurons express GABA or glutamate. 
Studies were undertaken in male and female mice. In males 60 % of the RP3V and 20 % of ARN kisspeptin 
neurons were found to co-express GABA. In females, 30 % of RP3V and 15 % of Arc kisspeptin neurons 
were GABAergic. In contrast, the majority of ARN kisspeptin neurons in female mice co-express glutamate 
(70 %) compared with only 10 % in the RP3V. In males 40 % of RP3V and ARN kisspeptin neurons were 
glutamatergic. These findings demonstrate that hypothalamic subpopulations of kisspeptin neurons of the 
RP3V and ARN co-express the neurotransmitters glutamate and GABA in a sexual dimorphic manner. 
 
P4 

Association between serum prolactin levels and depression at twenty weeks’ gestation in nulliparous 

women 

S. Douglas1, D.R. Grattan1, L. McCowan2, C.M. Larsen1. 
1Centre for Neuroendocrinology and Department of Anatomy, University of Otago, 2Department of 
Obstetrics & Gynaecology, University of Auckland 
 
During pregnancy there is an increased incidence of anxiety and depression, which can detrimentally affect 
both mother and offspring. In mice we have shown that low serum prolactin early in pregnancy causes 
postpartum anxiety. Therefore, we hypothesized that hormone-dependent alterations during pregnancy 
underlie changes in mood at this time. We are fortunate to have access to samples from the multinational 
SCOPE trial that obtained blood and data from healthy nulliparous women at 20 weeks’ gestation. Samples 
from 120 NZ women were assayed using a sandwich ELISA and correlated with scores from the STAI 
anxiety inventory (anxious > 40) and the Edinburgh Postnatal Depression scale (EPDS, depressed ≥≥≥≥ 13), 
controls had an EPDS ≤≤≤≤ 9 and/or STAI ≤≤≤≤ 40. Data from the whole cohort (n = 5628) at 20 weeks showed 
that 30% were anxious, with 8% above the 90th percentile (STAI > 50). 26% of women showed some 
indication of depression (EPDS ≥≥≥≥ 10), with 10 % being significantly depressed (EPDS ≥≥≥≥ 13).  In the 
Auckland cohort (n = 2032) 28% were anxious at twenty weeks’ gestation with 7% above the 90th 
percentile, and 27% of women displayed markers of depression with 9% being significantly depressed. 
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Women with depression had significantly lower serum prolactin levels at 20 weeks’ (89.98 ± 4.623 ng/ml) 
compared to control women without depression (102.6 ± 3.148 ng/ml; p < 0.0228), or to control women 
without depression or anxiety (103.1 ± 4.316 ng/ml; p < 0.0402). Overall, women solely displaying markers 
of anxiety were not significantly different from controls in levels of prolactin. However, women under 23 
years old with anxiety above the 90th percentile had significantly lower prolactin levels (76.84 ± 7.128 
ng/ml) compared to control women under 23 without anxiety (102.3 ± 6.181ng/ml; p < 0.0172), or without 
anxiety or depression (99.33 ± 6.160; p < 0.0313). There were no differences between the groups in levels of 
progesterone or placental lactogen. These data provide novel evidence into an association between prolactin 
levels during pregnancy and levels of anxiety/depression in mid pregnancy. 
 
P5 

Diabetes causes the activation of the pro-ageing miRNA-34a in the human heart 

Ingrid Fomison-Nurse¹, Pankaj Saxena², Ashvini Menon², Richard Bunton², Ivor Galvin², Andrew Bahn¹, 
Rajesh Katare¹ 
1Department of Physiology, Otago University, Dunedin, 2Department of Cardiothoracic Surgery, Dunedin 
Hospital, Dunedin 
 
Diabetes accelerates ageing of the cells, which ultimately leads to the development of several diseases 
including cardiovascular diseases (CVD). MicroRNAs (miRs) are gaining interest due to their pathological 
role in the development of CVD. MicroRNAs are short, non-coding RNAs which modulate protein 
expression by negatively controlling RNA transcription. Recent studies showed activation of miR-34a in the 
ageing heart, where they contribute to the age-related cardiac dysfunction. As diabetes also induces cardiac 
damage through acceleration of cellular ageing, we hypothesized that miR-34a could play a potential role in 
the development of CVD in people with diabetes. Quantitative RT-PCR analysis of the RNA isolated from 
plasma samples of diabetic and non-diabetic volunteers (n=4 in each group) demonstrated an increase in the 
expression of circulating miR-34a, although this was insignificant (2.53±0.69, p=0.1) in people with 
diabetes. In order to demonstrate if the source of miR-34a was cardiac, similar analysis was performed using 
the right atrial appendage samples collected from the diabetic and non-diabetic patients (n=4 in each group) 
undergoing coronary artery bypass graft surgery. These results showed a marked increase in the level of 
miR-34a (1.72±0.22, p<0.05) in the diabetic heart. These results therefore suggest a possible pathological 
role of miR-34a in the diabetic heart and future studies are targeted towards demonstrating the functional 
and therapeutic role of miR-34a in CVD in people with diabetes. 
 
P6 

Targeting growth factor receptors in advanced ovarian cancer 

Wafaa Hassan1, Ashley Garrill1, Kenny Chitcholtan2 
1School of Biological Sciences, University of Canterbury, 2Department of Obstetrics and Gynecology, 
Christchurch School of Medicine, University of Otago 
 
Ovarian cancer is the leading cause of mortality of gynecological cancers in both New Zealand and the rest 
of the world. Resembling a wide range of common illnesses, the symptoms of ovarian cancer are commonly 
misdiagnosed; consequently patients are often diagnosed only after presenting with an advanced stage of the 
disease. In advanced ovarian cancer, malignant cells shed off an ovarian tumour into the peritoneum, 
forming 3D cellular aggregates. By floating in the peritoneal fluid, these cell aggregates can move 
throughout the peritoneal cavity and adhere and implant on the peritoneum and mesothelial linings of pelvic 
and abdominal organs. Treatment of ovarian cancer often includes chemotherapy which can often have 
uncomfortable side effects. There is thus a need for a novel targeted anticancer drug that may improve the 
survival of patients with advanced ovarian cancer with minimal side effects. Two members of the epidermal 
growth factor protein family (ErbB), EGFR and Her-2 are frequently over expressed in ovarian cancer cells. 
Furthermore, additional expression of hepatocyte growth factor receptor (c-Met) is thought to play a key role 
in tumour progression. Therefore, targeting of these receptors has the potential to reduce the growth of 
ovarian cancers. In this study, we are using 3D aggregates to represent ovarian cell clusters in vivo, to 
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investigate the effects of two inhibitors Canertinib, an inhibitor for ErbB family and PHA665752, an 
inhibitor for c-Met on 3D aggregates. Preliminary results show the inhibitors, when used in combination, 
can reduce growth of ovarian cancer cells. 
 
P7 

Glutamate pathways appear functional in human megakaryocytic cells 

T. Kamal1, T. N. Green1, E. Leung2, A. McGregor3, B. Baguley2, M. L. Kalev-Zylinska1, 4 
1Department of Molecular Medicine and Pathology, 2Auckland Cancer Society Research Centre, 3School of 
Pharmacy, Centre for Brain Research, University of Auckland; 4LabPlus, Auckland City Hospital, Auckland 

Glutamate is stored in megakaryocytic cells and glutamate-binding N-methyl-D-aspartate receptors 
(NMDARs) have arisen as potential new contributors to megakaryocyte biology. Previous studies have 
shown that NMDARs are expressed in human and mouse megakaryocytes but details are sketchy and their 
roles are unknown. An important observation has been that NMDAR antagonists inhibit differentiation of 
human haematopoietic stem cells and induce dysplastic morphology that resembles human disease. We were 
intrigued by these observations and preceded to characterise NMDARs in megakaryocytic cells. Meg-01, 
Set2 and K562 cells were used as models of megakaryocytic cells in this study. Expression of all NMDAR 
subunits, including splice variants, was investigated using RT-PCR (including real-time), Western blotting, 
flow cytometry and immunostaining. In functional assays, well-established inhibitors of neuronal NMDARs 
(memantine, MK-801, AP5) and glutamate release (riluzole) (all at 5-200 µM) were used to investigate 
effects on proliferation and differentiation of megakaryocytic cell lines, including after differentiation with 
phorbol-12-myristate-13-acetate (PMA). Phenotypic end-points were read in the MTT, BrdU incorporation 
and LDH release assays and by flow cytometry on CD41a and CD61 expression. We found that 
megakaryocytic cells displayed complex pattern of NMDAR subunit expression that varied from that in the 
brain. NMDAR subunits were detected both on the cell surface and intracellularly, and their expression 
increased in response to PMA-driven megakaryocytic differentiation. In functional studies, NMDAR 
antagonists reduced cell survival and proliferation, and increased cell death. In conclusion, human 
megakaryocytic cells contain complex NMDARs that influence cell phenotype. Further studies to determine 
how NMDARs regulate megakaryocyte growth and differentiation are warranted. 

*P8 

Evidence that anorexigenic estradiol effects do not involve leptin-STAT3 signaling 

Joon S. Kim, Mohammed Z. Rizwan, Janette H. Quennell, Greg M. Anderson 
Centre for Neuroendocrinology and Department of Anatomy, Dunedin  
 
17β-estradiol (E2) and leptin are both critical hormones in the regulation of body weight. It has been 
postulated that signal transducer and activator of transcription 3 (STAT3) of the leptin signaling pathway 
play a critical role in E2’s anti-obesity effects, possibly through an intracellular cross-talk with estrogen 
receptor alpha (ERα). The aim of this study was to explore the possible cross-talk between leptin receptor 
(LepRb) and ERα, and address whether LepRb-STAT3 signaling is critical for E2’s anorexigenic effects. A 
LepRb-Cre transgenic mouse was crossed with a Tau-GFP reporter or STAT3fl/fl mouse. The Cre 
recombinase-mediated recombination event excises the loxP flanked STOP sequence or STAT3 gene, 
resulting in GFP expression or STAT3 KO respectively, only in cells that express LepRb. Combination of 
the GFP expression and ERα immunoreactivity revealed that colocalization of LepRb and ERα is very 
limited in the hypothalamus, suggesting that a direct relationship between the two receptors is likely to be 
minimal. To test the effects of E2 on leptin-induced STAT3 phosphorylation, ovarectomized mice with low, 
medium, or high levels of chronic E2 replacement received an acute leptin challenge (0.02 mg/kg sc). We 
observed no increase in the degree of leptin-induced phosphorylated STAT3-positive cell numbers in the 
arcuate nucleus with increasing estrogenic states. Finally, LepRb specific STAT3 KO mice and controls 
were ovarectomised and given either chronic E2 or vehicle treatment. After 14 days all E2-treated mice 
showed an equivalent body weight reduction and fat content compared to vehicle controls. Contrary to the 
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current dogma, we report that E2 has minimal direct actions on LepRb cells in the medial hypothalamus, and 
that its anorexigenic effects are entirely independent of LepRb-STAT3 signaling.  
 



43 
 
 

 

*P9 

Obesity during pregnancy alters immune responses in the placenta 

Thomas Kim1, Sarah Young2, Kelly Glendining1, Dave Grattan1, Christine Jasoni1 
1Centre for neuroendocrinology and Department of Anatomy, University of Otago, Dunedin, 2Department of 
Pathology, University of Otago, Dunedin 
 
Maternal obesity during pregnancy is associated with chronic inflammation and elevates the offspring 
obesity risk. We hypothesise that the placenta, where maternal and fetal physiology interact extensively, is a 
key organ to translate the dysregulated maternal immune responses to the fetus. Thus, we have studied the 
changes in immune cell abundance and distribution using flow cytometry, and immune cell activation and 
cytokine expression using qPCR. These were examined in the mouse placenta at two different gestational 
days (GD15.5 & GD17.5), and compared between normal weight (control) and high-fat diet-induced obese 
(HF) pregnancies. There were no significant differences in the number or distribution of immune cells. 
However, both immune cell activation and cytokine expression were significantly different between control 
and HF placentas. In mid-late gestation (GD15.5), both HF placenta immune cell activation and cytokine 
expression were unchanged or decreased. In late gestation (GD17.5), both immune cell activation and 
cytokine expression were increased. These results are in an agreement with our hypothesis. The cytokine 
profiles identified in the placenta are not identical to those of the maternal circulation, which suggests that 
the placenta does not just replicate or amplify the maternal immune response, but rather translates the 
maternal environment into a unique cytokine profile that could affect the fetus. To investigate this 
possibility, we have further identified expression of cytokine receptors in the fetal hypothalamus that match 
the placental cytokine profiles. Future studies will look at the interaction between circulating cytokines and 
hypothalamus development in the programming of obesity. 
 
P10 

Prolactin, a possible marker for small for gestation age babies. 

C.M. Larsen1, S. Douglas1, L. McCowan2, D.R. Grattan1 
1Centre for Neuroendocrinology and Department of Anatomy, University of Otago, 2Department of 
Obstetrics & Gynaecology, University of Auckland 
 
Babies that are born smaller than the tenth percentile of birth weight (small for gestation babies, SGA), are 
at a much greater risk of dying before birth (still-birth), or in the first month of life (neonatal deaths). In NZ 
42.4% of still-births and 26.1% of neonatal deaths are SGA. Only 24.3 % of SGA babies who die of still-
birth are picked up, the figure detected for neonatal deaths is higher (60.9%), but this still leaves 40% of 
babies that are not picked up prior to birth. This data is consistent across the years that data has been 
collected in NZ. As yet, there are no reliable bio- markers for SGA. In our laboratory we have been fortunate 
to have access to blood samples obtained from the SCOPE trial, a large multinational trial that obtained 
blood samples from women during pregnancy, and also collected data on maternal and fetal health, mood, 
morbidity, and mortality. While examining the role of the hormone prolactin on maternal mood using a 
sandwich ELISA, we serendipitously noted that women who delivered SGA babies had significantly low 
levels of prolactin at twenty weeks of pregnancy. As the sample size was very small, and to ensure the 
findings for this preliminary data hold true across the general population, a larger scale study needs to be 
undertaken. However, if these findings are replicated, prolactin levels could be considered as an additional 
marker to help identify SGA. This might result in improved identification during pregnancy, which may lead 
to a reduction in infant morbidity and mortality. 
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*P11 

Effect of oestrogen on neurotrophin receptor expression in cholinergic neurons in vivo 

M.Milne, A.Kwakowsky, I.Ábrahám,  
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
 
Neurotrophin receptors (NRs) such as TrkA, TrkB and p75 show high expression on basal forebrain 
cholinergic neurons (BFCN) and have been implicated in the promotion of plasticity, neurogenesis and 
neuronal survival. It has been suggested that estradiol (E2) may play a significant role in the regulation of 
neurotrophin action. In the current study, we investigated the effect of different E2 conditions on the 
expression of NRs on basal forebrain cholinergic neurons. To eliminate circulating E2 levels, 6-8 week old 
female C57BL6 mice underwent bilateral ovariectomy (OVX) or sham surgery, a third group of mice after 
bilateral OVX were implanted with a subcutaneous E2 capsule. At 2-weeks post-surgery animals were 
sacrificed (Sham animals in dioestrus) and brains were sectioned along the coronal plane and double 
labelling fluorescent immunohistochemistry for TrkA, TrkB or p75 with choline acetyltransferase (ChAT), a 
marker of cholinergic neurons, was utilised and sections were then visualised using confocal microscopy. 
The number of NR positive cholinergic neurons was determined as a percentage of total cholinergic neuron 
number. We found that the number of TrkAR expressing ChAT neurons was significantly reduced in the 
medial septum (MS) in the absence of E2 (p<0.05%). A reduction in TrkB receptor expressing ChAT 
positive cells was also observed in OVX mice in the MS and nucleus basalis magnocellularis (NBM) but to 
a lesser extent (p<0.05%). p75R expression was found to be reduced in the NBM and striatum but not in the 
MS in the absence of E2 (p<0.05%). NR levels in mice with E2 replacement were not significantly different 
from sham operated mice. These results show that E2 influences NR expression on BFCNs, with effects 
depending on NR type and neuroanatomical location. Our findings suggest that a loss of E2 stimulation may 
result in a reduction in the efficacy of the neurotrophin system, which could increase the vulnerability of 
BFCNs. 
 
P12 

Hypothalamic RFamide related peptide-3 (RFRP-3) neurons project to oxytocin and vasopressin 

neurons and stimulate secretion 

M.Z. Rizwan, M.K. Kheirabad, G.M. Anderson  
Centre for Neuroendocrinology and Department of Anatomy, Dunedin 
 
RFRP-3, a hypothalamic RFamide neuropeptide that is best known for inhibition of gonadotropin-releasing 
hormone neuronal activity, projects to corticotropin-releasing hormone neurons (which drive the stress axis) 
and nearby cells in the paraventricular nucleus (PVN) where their receptor (GPR147) mRNA is abundant. 
Acute RFRP-3 treatment increased measures of anxiety-related behavior and restraint stress-induced 
corticosterone secretion. Co-treatment with the RFRP-3 receptor antagonist RF9 blocked these effects. 
Oxytocin and vasopressin neurons, also synthesized in magnocellular and parvocellular neurons of the PVN 
are believed to play opposing roles to each other in behavioral and psychological tests for anxiety. In the 
current study we tested whether RFRP-3 neurons innervate and have biological effects on oxytocin and 
vasopressin neurons. We first measured whether RFRP-3 neurons project to oxytocin and vasopressin 
neurons in the PVN. Dual label immunohistochemistry combined with confocal microscopy revealed that in 
male, virgin female and lactating females (n=5 per group), 8-15% of oxytocin neurons and 21-35% of 
vasopressin neurons were apposed by RFRP-3 fibres, with no significant effects of sex or lactation. We next 
measured the effects of acute intracerebroventricular RFRP-3 administration (5 nmol) or blockade with RF9 
(20 nmol) (n=5 per group) on oxytocin concentration in the blood after 20 minutes using enzyme 
immunoassay. RFRP-3 treatment increased oxytocin concentration fourfold in the blood of diestrus female 
rats compared to vehicle-treated controls (P<0.05), and co-treatment with RF9 blocked these effects. 
Measurement of vasopressin is currently in progress. Collectively, these findings reveal that RFRP-3 can act 
on oxytocin and possibly vasopressin neurons. It’s interaction with these neurons may assist in modulating 
anxiety and fear responses. 
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*P13 

Effects of IL-6 and maternal obesity on developmental gene expression in the fetal arcuate nucleus 

Tessa Sanders, Lorryn Fisher, Christine Jasoni 
Centre for Neuroendocrinology and Department of Anatomy, University of Otago, Dunedin 
 
 A correlation has been clearly shown in humans and rodent models between maternal obesity during 
pregnancy, and subsequent obesity in the offspring. Additionally, maternal obesity is associated with 
increases in certain inflammatory cytokines in both the maternal circulation and the placenta, including the 
cytokine interleukin-6 (IL-6). Furthermore, we and others have shown that the ability of body weight 
regulating neurons to innervate their targets is disrupted in the offspring of obese mothers. We therefore 
proposed that elevated levels of cytokines disrupt correct fetal development by affecting the expression of 
genes involved in axon growth and guidance. We initially exposed gestational day (GD) 17.5 mouse brain 
slices to IL-6 in vitro. Using quantitative PCR we found changes in the expression of the netrin-1 receptor 
Dcc, and the transcription factor Gli-1, between control and IL-6 treated arcuate nucleus. We further 
validated these changes in vivo using a mouse model of maternal obesity and showed additional changes in 
the Unc5 family of netrin-1 receptors. Lastly we have identified expression of Dcc by NPY-expressing 
arcuate neurons at GD17.5, indicating netrin-1 signaling is likely to play a role in axon connectivity of 
neural feeding circuits. These data are key in establishing a mechanism to explain how increased IL-6 levels 
in maternal obesity are able to programme offspring risk for obesity. They provide good evidence that fetal 
exposure to IL-6 during pregnancy changes the expression of important neurodevelopmental genes in the 
embryonic arcuate nucleus during prenatal development. This in turn may change the way in which the 
developing axons of the arcuate nucleus react to certain developmental cues, thus leading to aberrant axonal 
wiring in this area, and predisposition to obesity. 
 

P14 

Circulating cardiac-specific microRNAs as diagnostic biomarkers for early diagnosis of diabetic heart 

disease 

Shruti Rawal1, Patrick Manning2, Pujika Munasinghe1, Rajesh Katare1 
1Department of Physiology, Otago University, Dunedin, 2Department of Medicine, Dunedin Hospital, 
Dunedin 
 
Diabetic heart disease (DHD) is increasing significantly to epidemic proportions, because of the increasing 
obesity, sedentary lifestyle, lack of exercise and aging population. It is well demonstrated that the heart 
disease in diabetes develops at a much earlier stage before it is clinically diagnosed and indeed, timely 
management can halt the progression of the disease. Currently, there are no specific and reliable tests to 
detect DHD before the development of any symptoms. Recently, microRNAs (miRs) are being explored as 
the potential diagnostic tools for several diseases due to their stable expression in the circulation and tissue 
specificity. We therefore hypothesized that the circulating cardiac-specific miRs could be a novel marker for 
the diagnosis of DHD at its early stage. The aim of the present study was to investigate the expression levels 
of cardiac specific miR-1 and miR-133 in diabetic and non-diabetic individuals without any known history 
of cardiovascular disease, both of which have been demonstrated to be markedly altered in the myocardium 
of patients with cardiac failure.  RNA was extracted from plasma samples (n=8) of diabetics and age-
matched non-diabetic volunteers. Quantitative RT-PCR analysis showed a trend towards increase in 
expression of miR-1 (1.78±0.52) and miR-133 (1.37±0.48) in diabetics as compared to non-diabetic 
individuals. This finding provides a strong evidence for modulation of cardiac specific miRs in diabetics and 
opens up an intriguing possibility to use these cardiac specific miRs as valuable diagnostic tool for early 
detection of DHD. A larger study is underway to confirm our initial findings. 
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Effect of targeting the PI3K pathway in drug combination for melanoma  

Khanh B. Tran1, Sharada Kolekar1, Jen-Hsing Shih1, Melanie Sweetlove2, Stephen M.F. Jamieson2,3, 
Christina M. Buchanan1,3, Peter R. Shepherd1,3 

1Department of Molecular Medicine and Pathology, University of Auckland, Auckland, 2Auckland Cancer 
Society Research Centre, University of Auckland, Auckland, 3Maurice Wilkins Centre for Molecular 
Biodiscovery, University of Auckland, Auckland  

 

Our work aims to assess the effects of a BRAF inhibitor, vemurafenib, and a MEK inhibitor, CI-1040, on 
melanoma cell lines with different mutation types, and whether the addition with a PI3K inhibitor, ZSTK-
474 might increase the efficacy of the treatments. The results showed that vemurafenib (0-10 µM) inhibited 
the viablity of NZM28 cells (BRAF G469A mutant) and the combination of vemurafenib with ZSTK-474 (1 
µM) significantly increased the inhibitory effect of the treatment. However, vemurafenib (0-10 µM) did not 
inhibit the growth of the other BRAF V600 mutant cell lines, NZM6, NZM12, and NZM14, either when 
administered as single agent or in the combination with ZSTK-474, suggesting the presence of innate 
resistance to the BRAF inhibitor in those cell lines. Combination between CI-1040 and ZSTK-474 (1 µM) 
also increases the efficacy of the inhibition of cell viability even in cell lines that have not responded to 
single treatment of CI-1040. Western blot data showed that ZSTK-474 inhibited the constitutive 
phosphorylation of AKT and ribosomal protein S6 (rpS6) while no inhibition effects were seen in the ERK 
signalling pathway. Taken together, our data demonstrate the innate resistance to BRAF inhibitor in some 
melanoma cell lines, and that targeting the PI3K pathway might be a potential approach to increase the 
efficacy of BRAF and MEK inhibition therapy. 
 
P16 

Effect of inhibiting PI3K on cytokine secretion in melanoma 

Khanh B. Tran1, Sharada Kolekar1, Jen-Hsing Shih1, Greg C. Smith1,2, Christina M. Buchanan1,2, Peter R. 
Shepherd1,2 

1Department of Molecular Medicine and Pathology, University of Auckland, Auckland, 2Maurice Wilkins 
Centre for Molecular Biodiscovery, University of Auckland, Auckland  
 
It has been suggested from literature that interaction of cancer cells and their microenvironment play a 
crucial role for drug resistance and tumor growth, angiogenesis and metastasis. For example, treatment with 
PI3K inhibitors in Hodgkin lymphoma cells and chronic lymphocytic leukemia cells overcomes signal from 
the microenvironment, inhibits B-cell receptor signaling and chemokine networks. In this work, we aims to 
study the effect of PI3K inhibition on some major components of melanoma microenvironment that are 
secreted from melanoma cells, including VEGF, IL-6, IL-8, osteopontin (OPN), FGF2 and TGF. Our work 
also aims to study cytokine secretion properties in melanoma cell lines with different mutations to determine 
whether there is a relationship between mutation types and cytokine secretion pattern. Initial studies of a 
panel of early passage melanoma cells showed evidence for an important role of BRAF mutation for VEGF 
signaling. Some cell lines express high levels of VEGFR2 or VEGFR3 while other express high levels of 
VEGFA. In the analysis to date, the cell lines express high levels of VEGFA all had a V600E mutation in 
BRAF. Full data in details will be available by the time of the meeting. 
 
*P17 

C-type natriuretic peptide levels in cerebrospinal fluid of sheep are not affected by arousal state 

Michele Wilson1, Graham K Barrell1, Eric Espiner2, Tim Prickett2, Martin Wellby1, Martin Ridgway1 

1Agriculture and Life Sciences, Lincoln University, Christchurch, 2Department of Medicine, University of 
Otago, Christchurch  
 
C-type natriuretic peptide (CNP) and its amino-terminal fragment (NTproCNP) are present in high but 
variable concentrations in adult mammalian cerebrospinal fluid (CSF). Although CNP and its receptors are 
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ubiquitously expressed in the central nervous system (CNS), including cerebral tissues, its function and 
regulation are unknown. Postulating that CNP production may change according to arousal status, we 
examined the response in CSF CNP peptides before, during and after acute exposure to a variety of 
anaesthetic/sedative agents in adult sheep. Jugular plasma and cervical CSF samples were collected at 0, 10, 
30 and 120 minutes after interventions and correlated with arousal status. Concentrations of CNP peptides in 
CSF and plasma did not change in response to diazepam (1.0 mg/kg live weight), ketamine (20 mg/kg live 
weight), diazepam and ketamine in combination (0.5 and 10 mg/kg live weight, respectively), or isoflurane 
(induced at 5% and held at 2-3 % for 30 minutes). These results show that short term changes in arousal 
status do not affect CNP peptide levels in CSF. Together with previous findings showing constancy of levels 
in individual sheep across time, we conclude that CNP production is unlikely to be regulated by arousal 
status in healthy sheep. Sources of CNP in CSF and its regulation remain to be defined. 
 

Bioengineering New Zealand Poster 
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Computing abnormalities in chest x-ray 

Alys Clark1, Cameron Grant2 ,Catherine Byrnes2 
1Auckland Bioengineering Institute, University of Auckland, Auckland, 2

 Department of Paediatrics: Child 
and Youth Health, University of Auckland and Starship Hospital, Auckland  
 
Although high resolution computed tomography (HRCT) is the imaging modality of choice to visualise the 
lung, but its high radiation dose and cost restrict its use, particularly in vulnerable populations. Therefore, 
chest x-ray remains the first port of call in assessing pulmonary health problems. Modern chest x-rays are 
normally obtained in digital format so can be analysed computationally on a pixel-by-pixel basis. Therefore, 
if a digital analysis of chest-xray images could suggest parenchymal or airway abnormalities, it may be 
possible to make better use of this imaging modality to diagnose and monitor lung disease. For example, 
tracking of disease observed in HRCT in subsequent x-rays would reduce the need for follow up HRCT. 
Here we present new methodologies to transform HRCT imaging to chest x-rays and digital analysis of chest 
x-ray features in patients with bronchiectasis and influenza. We show that some simple measures of 
heterogeneity in image pixel-intensity values show strong correlations with measures of lung function in 
both conditions. We then introduce a methodology for mapping regions of interest between HRCT and chest 
x-ray, which allows focused analysis of diseased areas. This methodology provides a basis for improving 
specificity and allowing tracking of chronic respiratory disease over time. 

Biomedical Technology Posters 
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An investigation of the bioelectric effects on chronic rhinosinusitis biofilms 

Mohammed Al-Haddad, Ahmed Al-Jumaily 
Institute of Biomedical Technologies, Auckland University of Technology (AUT), Auckland  
 
Bacterial biofilms are a major contributing factor associated with many chronic infectious diseases, 
including chronic rhinosinusitis. Biofilms are highly resistant to conventional antibiotics. Strategically, new 
alternative therapy options are being investigated to combat antibiotic resistance of biofilms, including the 
bioelectric effect. The objective of this study is to investigate the effect of parallel and perpendicular electric 
fields on established biofilms. An experimental setup is established to apply electrical fields to bacterial 
biofilms which are generated for the purpose of the current investigations. Several parameters are 
investigated including the direction, strength and frequency of applied electrical fields. The reduction in the 
number of viable bacteria within the biofilm, and the reduction’s mechanism of action is investigated. 
Further results will be obtained to determine the main parameters that provide this reduction. This 
investigation is intended to identify the significance of bacteria-reducing parameters in order to attenuate 
biofilm formation and aggregation, and eliminate the propagation of various microorganisms, including 
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antibiotic-resistant bacteria associated with rhinosinusitis. Specific recommendations are to be presented to 
clinicians in terms of electrical/mechanical and biochemical characteristics of the biofilm that can be treated 
by this method. 
 
P20 

Differential contractile response of healthy and asthmatic airways to isoproterenol and mechanical 

oscillations in vivo 

M.J.Jo-Avila1, A.M.Al-Jumaily1, J.Lu2, L.Sobrevia3  
1Institute of Biomedical Technologies, Auckland University of Technology, Auckland, 2Department of 
Interdisciplinary Studies, Auckland University of Technology, Auckland, 3Cellular and Molecular 
Physiology Laboratory, Pontificia Universidad Católica de Chile, Santiago, Chile 
 
The main driving mechanism during an asthma attack is the hyperconstriction of airway smooth muscle 
(ASM), which reduces the airway lumen and makes normal breathing difficult. The contraction can be 
relieved using bronchodilator drugs such as Isoproterenol (ISO), which induce temporary relaxation of the 
constricted airways. Pharmacological treatments are widely used in asthma, but their effectiveness varies 
from one subject to another, as do their side effects. Studies have shown that mechanical oscillations 
equivalent to physiological patterns in healthy airways (namely, breathing and deep inspiration), can induce 
airway relaxation. Length oscillations seem to be a non-medicinal approach to treat ASM hyperconstriction 
present in many respiratory diseases such asthma. Currently little is known about the relationship between 
ISO and the airway diameter changes in vivo caused by breathing and other oscillation patterns. Preliminary 
results obtained from in vitro experiments indicate that combining ISO with breathing-equivalent length 
oscillations tends to increase the relaxation response, as compared to ISO alone in airways from healthy 
subjects, but not in asthmatic airways. This in vivo study will be undertaken in anaesthetized, living subjects.  
The aim is to assess the effects of oscillation patterns applied directly to the airways of healthy and 
asthmatic subjects (mice), in the presence and absence of ISO. Superimposition of oscillations patterns are 
also planned in order to assess changes in the response of constricted ASM. 
 
P21 

Mechanical oscillations and their effects on chronic asthma 

K. Lamar Turepu Roos, Miguel Jo-Avila, Ahmed M. Al-Jumaily 

Institute of Biomedical Technologies, Auckland University of Technology, Auckland 
 
Despite years of research which continue to refine the details of asthma’s interference with the breathing 
process, it remains an enigma.  It is a collaborative disease, utilising the body’s immunological and 
physiological responses to environmental challenges.  Yet its mechanisms of action remain aloof from 
effective management and elimination tactics.  It is increasing in prevalence around the world, and 
unfortunately is suffered by an alarmingly high number of New Zealanders.  Asthma is associated with a 
narrowing of the airways, and is therefore disruptive to maintaining normal breathing dynamics within the 
lungs.  Cellular signals determine the activities of tissues within the respiratory system, with the resultant 
healthy or diseased response providing biochemical and mechanical parameters for use as defining 
characteristics.  The tissue within the respiratory system which is responsible for active constriction of the 
airways is airway smooth muscle (ASM). Mechanical behaviours of ASM are therefore of intense interest in 
order to relate their contraction and relaxation to a diseased or disease-free state.  Data gained from studying 
breathing dynamics and tissue functions from healthy and chronic asthmatic individuals is therefore of use 
in understanding the mechanical properties inherent to building effective models and treatment schemes. 
 

P22 

Holographic microwave imaging for brain stroke detection 

Lulu Wang1, A. M. Al-Jumaily1, Ray Simpkin2 

1Institute of Biomedical Technologies, Auckland University of Technology, Auckland, 2Callaghan 
Innovation, Auckland 
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Brain stroke is the rapid loss of brain functions due to disturbance in the blood supply. The stroke can be due 
to ischemia or a hemorrhage. Ischemic stroke accounts for approximately 87% of all strokes, but all types 
are serious health concerns. This project proposes a new holographic microwave imaging (HMI) technique 
for detection of both ischemic and hemorrhagic stroke. A realistic three dimensional head model that 
contains skin, fat, skull, cerebrospinal fluid, grey matter, white matter and either ischemic or hemorrhagic 
stroke tissue is developed using MATLAB to demonstrate the proposed HMI imaging algorithm. Operating 
at a single frequency of 2.5 GHz, an antenna array of 16 microwave sensors is placed below the head model 
in the far-field. A matching-solution medium is not required between the head model and antenna array, 
greatly simplifying the practical implementation of the system. HMI simulation results show that small 
hemorrhagic stroke (5 mm in diameter) and ischemic stroke can be detected using the arrayed technique. 
The proposed HMI system has the potential to become a low-cost and easy-to-use screening and diagnostic 
tool for stroke detection that could supplement existing clinical methods 

Physiological Society of New Zealand Posters (*PSNZ Student Poster Presentation Prize 

candidates) 
 
P23 

Sexual differentiation of the brain is influenced by perinatal kisspeptin-GnRH neuron signalling   
1Jenny Clarkson, 2Ellen R Busby, 2Nancy M Sherwood, 1Allan E Herbison. 
1Department of Physiology and Centre for Neuroendocrinology, University of Otago, Dunedin, 2Department 
of Biology, University of Victoria, British Columbia, Canada 
 
Sex differences in brain function underlie robust differences between males and females in both normal and 
disease states. The sexual differentiation of the mammalian brain is initiated predominantly by testosterone 
secreted by the testes during the perinatal period.  Despite huge advances in understanding how testosterone 
and its metabolite estradiol sexually differentiate the brain, little is known about the mechanism that actually 
generates the male-specific perinatal testosterone surge. We show here that a male-specific activation of the 
hypothalamic gonadotropin-releasing hormone (GnRH) neurons occurs at the time of birth in mice and that 
deletion of the GnRH receptor results in defective brain sexual differentiation. Kisspeptin neurons have 
recently been identified to be potent, direct activators of GnRH neurons. We demonstrate that a male-
specific population of preoptic area kisspeptin neurons appears transiently during the perinatal period. The 
necessity of kisspeptin inputs to GnRH neurons for sexual differentiation of the brain was demonstrated 
using male Cre-LoxP mutant mice in which the kisspeptin receptor was deleted selectively from GnRH 
neurons. These observations demonstrate the presence of a perinatal kisspeptin-GnRH neuron signaling 
mechanism that initiates sexual differentiation of the brain. 
 

*P24 

Assessing the efficacy of a new class of anti-arrhythmics in human atrial samples 

K.J. Hoeksema, J.C. McLay, P.P. Jones  
Department of Physiology, University of Otago, Dunedin 
 
Beta blockers are used clinically to prevent the occurrence of arrhythmia by decreasing the effects of 
sympathetic nervous activity. However, they also reduce cardiac output and therefore result in secondary 
complications. Recently we have shown one beta blocker, carvedilol, is able to prevent arrhythmia 
independently of the nervous system in mice. It does this by suppressing store-overload-induced calcium 
release (SOICR) through the cardiac ryanodine receptor. We aim to extend these mice studies to show that 
carvedilol has the same effect in human cardiomyocytes isolated from the right atria. Before commencing 
these technically challenging studies we will first show carvedilol has an anti-SOICR effect in isolated rat 
ventricular myocytes. Our results show that administration of 100µM carvedilol stops 88% of SOICR in rat 
cells whereas other beta-blockers (200µM metoprolol) have no effect. Excitingly, our preliminary human 
data suggest that whilst long-term and acute treatment with metoprolol has no effect on SOICR, carvedilol is 
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able to reduce its occurrence. Our data support the notion that carvedilol may act to prevent arrhythmia by 
non-beta-blocking action suggesting that SOICR suppression may offer an alternative mechanism to prevent 
arrhythmias without a reduced cardiac output and secondary complications. 
 

*P25 

Hyaluronan and perineuronal nets in neuronal development 

T. Fowke, J. Bai, S. Ranchhod, J.M. Dean 
Department of Physiology, Faculty of Medical and Health Sciences, University of Auckland, Auckland,  
 
Perineuronal nets (PNNs) are specialised structures that surround the cell bodies and dendrites of CNS 
neurons in a mesh-like pattern. PNNs have key roles in neural development, signalling and plasticity. 
Hyaluronan (HA), a large unbranched glycosaminoglycan, is a major PNN component. HA is degraded by a 
family of endogenous hyaluronidases (HYALs). There is controversial evidence for HA production by 
neurons. Further, the factors regulating degradation of HA and PNN function are unknown. The aims of this 
study were to examine the expression and localisation of HA and its related enzymes, and to investigate a 
role for endogenous hyaluronidases in regulating PNN turnover and neuronal signalling. Primary cortical 
neuronal cultures were developed from embryonic day 16 rats, and recovered for 4h, and 1, 2, 5, 9, and 14 
days in vitro (DIV). Neuronal expression of hyaluronan synthases (HAS1-3) and hyaluronidases (Hyal1-5, 
PH20) was analysed by qPCR. Neuronal HA and HYAL expression and dendritic morphology were 
assessed by immunohistochemistry. By qPCR, neurons showed expression of HASs and HYALs, including 
PH20. There was net-like punctate HA expression localised to neuronal soma and processes, which 
increased with development. Neuronal cell bodies and processes expressed PH20 protein, concentrated at 
the axon hillock. These results demonstrate that cultured neurons can synthesise HA and PNNs, and express 
hyaluronidase enzymes. Ongoing experiments using our culture system will involve degradation of neuronal 
HA and short-hairpin RNA knockdown of hyaluronidase expression in neurons to examine the effect on 
development and signalling. 
 

*P26 

The contribution of the extracellular matrix to intracellular calcium handling in rat cardiac 

trabeculae 

Sarbjot Kaur, Marie-Louise Ward 
Department of Physiology, Faculty of Medical & Health Sciences, University of Auckland  
 
Traditionally the extracellular matrix (ECM) in the heart has been thought of as providing a mechanical 
scaffolding for the contracting myocytes. However, we noticed that the amplitude of the intracellular Ca2+ 
transients (measured by 340/380 fura-2 fluorescence) that underly contraction was reduced in isolated 
myocytes in comparison to Ca2+ transients from multicelluar trabeculae. We therefore hypothesised that the 
ECM modulates intracellular Ca2+ within cardiac myocytes. To investigate this further we continuously 
measured intracellular Ca2+ (340/380 fura-2) and isometric force in electrically stimulated rat cardiac 
trabeculae exposed to collagenase type 1 and protease enzymes that dismantle the linkages between the 
ECM and the myocytes, similar to that used for isolation of cardiac myocytes. Isometric stress decreased in 
trabeculae from 38.37 ± 3.50 mN mm-2 to 15.10 ± 2.63 mN mm-2 (n = 4) and [Ca2+]i (340/380 ratio) 
decreased from 2.17 ± 0.24 to 1.58 ± 0.08, P < 0.05 during enzyme treatment, in 1mM [Ca2+]0 at 0.2 Hz 
frequency at room temperature. Immediately changes in intracellular Ca2+ were noticed, the enzyme solution 
was washed off and trabeculae were fixed using 2 % paraformaldehyde. Immunohistochemical techniques 
were then used to identify key proteins linking the ECM and the myocytes that might also modulate 
intracellular Ca2+, such as the endothelial cell marker (RECA-1), laminin, integrins, vinculin, and connexin-
43. As expected, enzyme treated trabeculae showed a significant decrease in RECA-1 labelling in 
comparison to control trabeculae, and RECA-1 labelling was completely absent in isolated single myocytes, 
suggesting a role in the modulation of intracellular Ca2+ by endothelial cells. 
 



51 
 
 

 

*P27 

Suppression of motion artifact in cardiac optical mapping using the demons algorithm 
Prashanna Khwaounjoo1, Sally L. Rutherford1,2, Ian J. LeGrice1,2, Mark L. Trew1, Bruce H. Smaill1,2 
1Auckland Bioengineering Institute, 2 Department of Physiology, University of Auckland, Auckland  
 
Optical mapping is used widely to record cardiac electrical activity in the experimental setting. This method 
makes use of the fact that the fluorescence emitted by membrane-bound, voltage-sensitive dyes is modulated 
by changes in cell membrane potential. Using optical mapping, it is possible to acquire "action potentials" 
from the surface of the heart with relatively high spatial resolution. However, optical signals from a number 
of positions are intermingled over an action potential cycle due to the movement of the heart with respect to 
the fixed photo detector array. This is commonly suppressed with electromechanical uncoupling agents or 
physical restraints, but these techniques can also affect cardiac electrical properties that are being measured. 
This study presents a new post-mapping approach for motion correction. Isolated langendorff supported rat 
hearts were perfused with Di-4-ANEPPS and imaged using an optical mapping system to acquire 16 bit, 128 
x 128 pixel datasets. To reduce motion artifacts in these datasets a novel correction approach was designed 
that used variations in fluorescent signal intensity to track and stabilize motion from image to image with 
respect to a key image state. In addition to the active registration algorithm a series of filtering steps were 
used for optimal performance. Reduction in motion artifact and improvement in signal quality was assessed 
by signal to noise ratio, action potential durations and quantification of tissue movement before and after 
correction. The proposed algorithm reduced motion artifacts in regions of tissue with distinguishable signals, 
high-intensity staining and prominent tissue surface features. Action potential durations could also be 
estimated with more confidence. Overall this method has proved itself to be a promising approach which 
recovers accurate action potential morphology in the presence of substantial motion artifact. 
 

*P28 

Anatomical evidence of circadian influence on arcuate kisspeptin neurons 

Thomas Manning, Allan Herbison 

Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin. 
 
A pattern of pulsatile gonadotrophin-releasing hormone (GnRH) secretion is critical for reproduction.  
Circadian signals are known to play an important role in successful reproduction in many mammalian 
species.  Evidence for direct regulation of GnRH neurons by circadian inputs is limited and has not 
addressed the role of circadian inputs in the control of pulsatile GnRH secretion.  The GnRH neurons are 
highly regulated by afferent kisspeptin neurons; moreover, evidence suggests that kisspeptin neurons in the 
arcuate nucleus (ARN) provide the neural signal for the generation of pulsatile GnRH secretion.  Therefore 
the present study aimed to find anatomical evidence for a circadian influence on ARN kisspeptin neurons in 
the mouse brain.  Vasopressin (VP) and vasoactive intestinal peptide (VIP) are two neuropeptides known to 
be involved in circadian rhythm signaling within the brain. Adult male and female C57BL6/J mice were 
anaesthetised and perfusion fixed with 4% phosphate buffered paraformaldehyde. Free-floating single-label 
nickel diaminobenzadine (DAB) immunohistochemistry was performed for VP or VIP and double-label 
immunohistochemistry for kisspeptin (DAB) and VP or VIP (NiDAB). Vasopressin and VIP 
immunoreactive fibres were observed within the ARN, and in close proximity to kisspeptin cell bodies. 
These results provide evidence for a potential circadian influence on ARN kisspeptin neurons and suggest 
that circadian inputs have the potential to regulate pulsatile GnRH secretion through ARN kisspeptin 
neurons in mice. 
 

*P29 

Hypothalamic kisspeptin and neurokinin B immunoreactivity is increased in late pregnant rats  

Alexander J. Seymour, Victoria Scott, Rebecca E. Campbell, Colin H. Brown 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin.  
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Oxytocin is synthesized in the supraoptic nucleus (SON) and paraventricular nucleus of the hypothalamus 
and secreted into the circulation from axonal endings at the posterior pituitary gland in response to action 
potential firing. Oxytocin is well known for its role in uterine contraction during parturition and milk 
ejection during lactation. However, the mechanisms that underpin the increase in oxytocin firing at these 
times are unclear. Recent work in our lab suggests that kisspeptin excites oxytocin neurons in parturition and 
lactation because intracerebroventricular kisspeptin has no effect on oxytocin neurons in virgin rats but 
increases firing rate in late pregnant rats. Neurokinin B (NKB) is co-expressed with kisspeptin in arcuate 
nucleus (ARC) neurons that also express dynorphin (KNDy neurons). To determine whether kisspeptin 
innervation of the SON is from KNDy neurons and whether SON kisspeptin and/or NKB fibre density 
changes in pregnancy, we performed double-label immunohistochemistry for kisspeptin and NKB on SON-
containing brain slices from virgin and day 21 pregnant (P21) rats. There was a higher density of kisspeptin-
positive fibres in the SON and in the surrounding perinuclear zone in P21 rats, compared to virgin rats (P < 
0.05, two-way ANOVA). NKB-positive fibre density was also higher in P21 rats compared to virgin rats. 
While both kisspeptin and NKB fibre density were higher in P21 rats, the proportion of NKB-positive fibres 
was still minimal (0-2 fibres per section) compared to kisspeptin-positive fibres (>10 fibres per section). 
These results show that there is increased kisspeptin fibre density in and around the SON in late pregnancy 
and that the majority of kisspeptin fibres in and around the SON are unlikely to be from KNDy neurons in 
the ARC. 
 

*P30 

Oxidation of the cardiac ryanodine receptor reduces the threshold for spontaneous calcium release  
Helen M. M. Waddell, Janet C. McLay, Peter P. Jones 
Department of Physiology, University of Otago, Dunedin 
 
The cardiac ryanodine receptor (RyR2) is responsible for the calcium release required to initiate a 
myocardial contraction on a beat-to-beat basis. However, RyR2 is also known to open spontaneously which 
leads to cardiac arrhythmias. Given that these pathologic calcium release events are highly dependent on 
sarcoplasmic reticulum (SR, store) calcium load they are commonly referred to as Store Overload Induce 
Calcium Release (SOICR). High levels of oxidative stress in the heart are often associated with an increase 
in SOICR. This study aims to investigate whether direct oxidation of RyR2 is responsible for the increased 
propensity for SOICR. Using a HEK293 cell model stably expressing RyR2, SOICR was correlated with SR 
calcium load at a range of H2O2 doses (0-1000µM). We found that H2O2-mediated oxidation of RyR2 
increases the tendency for SOICR by sensitising RyR2 to activation by SR calcium (decreases the SR 
calcium threshold for SOICR) in a dose dependant manner (25 µM H2O2 exposure (n=30): ∆ threshold = -
0.309±1.14%, p>0.05; 250 µM H2O2 exposure (n=42): ∆ threshold = -9.18±1.28%*; 1000µM H2O2 
exposure (n=33): ∆ threshold = -15.3±1.14%*, *p<0.0001. H2O2 vs. control). In conclusion oxidation of 
RyR2 leads to the increased propensity of SOICR by the lowing the threshold for SOICR. This data is 
consistent with those from RyR2 mutations known to cause arrhythmia and suggest that direct oxidation of 
RyR2 may underlie the increase prevalence of arrhythmia in patients following a heart attack where 
oxidative stress is increased. 
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Revealing the extent of gonadotropin-releasing hormone neurons in vivo using a viral-mediated cell 

filling technique 

S. H. Yip, R. E. Campbell 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
 
The vast network of signals in the brain controlling fertility converge onto final output cells, known as the 
gonadotropin-releasing hormone (GnRH) neurons. Much of our understanding of the synaptic regulation of 
GnRH neurons has been focused on GnRH somata scattered around the rostral forebrain. However we now 
know that GnRH neurons possess lengthy dendrites that project millimeters away from the cell body and 
capable of propagating action potentials. To date cell-filling techniques in brain slice preparations have 
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extended our understanding of synaptic inputs to these lengthy GnRH neuron dendrites, however such 
preparation limits the length of dendritic that can be imaged. This study aimed to establish a novel technique 
in which whole individual GnRH neurons can be filled in vivo. Adult female GnRH-Cre mice (n=4) were 
stereotatically injected with either 100nl of 5.1x1011 pfu of cre-dependent recombinant adenovirus 
containing farnesylated enhanced green fluorescent protein (Ad-iZ/EGFPf) into the rostral preoptic area 
(rPOA). Animals were perfused with 4% paraformaldehyde 5 days after injection and 30µm coronal brain 
sections were cut and immunochemically double-labeled for GFP and GnRH. Approximately 5% of GnRH 
neurons co-expressed EGFPf enabling single GnRH neurons processes to be followed. In addition, the 
somal, dendritic and axonal compartments and dendritic spines of these EGFPf-filled neurons can be 
visualized and traced over millimeters from rPOA to ME. This study thus provides a novel way to visualize 
whole extent of GnRH neuron in vivo in order to probe the distribution and hierarchy of synaptic inputs and 
their function related plasticity. 


