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WELCOME TO MEDSCI CONGRESS 2010 
 

 
 

On behalf of the organizing Committee, we would like to welcome you to Queenstown for 
the seventh annual Medical Sciences Congress (MedSciNZ). Once again MedSci brings 
together a number Scientific Societies whose members comprise some of the leading 
thinkers in basic biomedical research in New Zealand.  It is the premier congress in New 
Zealand for research focused on the basic medical sciences.   
 
The Theme for the 2010 meeting is: “A New Decade for Discovery”, and presentations 
have been selected to highlight how basic understanding of biomedical science has 
contributed to advances in Clinical Medicine. We extend a special welcome to our Plenary 
Speakers, Prof Jerry Dempsey and Prof Mat During. We also have six symposia focusing 
on neuroendocrinology, bioengineering, growth and development, the kidney in health and 
disease, cardiovascular regulation and cardiovascular and respiratory diagnostics and 
therapies. In addition to top local speakers the Organising Committee has Invited Keynote 
Symposia Speakers from Australia, USA and Canada.  
 
In addition to our founding participating societies, PSNZ (Physiology) and NZSE 
(Endocrinology) we are again joined by ARGONZ (Anaesthesia). We continue to have 
excellent support from the Centre for Neuroendocrinology (Otago) and Bioengineering 
Institute (Auckland). No matter how many International Speakers and high profile New 
Zealand Speakers we have in our Symposia programme, MedSci is nothing without our 
delegates. We are very grateful to all who submitted abstracts (>100) as you also will 
contribute to the success of this years Congress. It is great to see a large proportion of 
abstracts being submitted by students, no doubt spurred on by the opportunity to compete 
for a total of five student prizes. Of particular note, 23 students from PSNZ elected to be 
considered for the Society’s two student prizes. 
 
An exciting development this year is that the annual Clinical Endocrinology meeting is 
being held in Queenstown as an overlapping meeting. On Fri morning MedSci will host the 
Clinical Endocrinologists in joint sessions including the Nancy Sirrett Lecture, which is 
combined as a Plenary Lecture followed by the Growth and Development meeting. This is 
the first time in many years that Clinical and Scientist members of NZSE will join together 
in such large numbers.  
 
This year also sees an exciting programme for the Pre-Congress “Emerging Researchers 
Forum”. Thanks to the organizing team who worked hard to put this programme together. 
 
Of course MedSci would not be possible without the generous support of our sponsors, 
with many sponsors continuing their support for the Congress from previous years but we 
also welcome new sponsors on board this year.  
 
Thanks for joining us in Queenstown and we trust you enjoy a stimulating Congress as we 
celebrate “A New Decade of Discovery”  
 
 
Chris Charles 
Chair, Organising Committee 
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TUESDAY 30 NOVEMBER 2010 
 

1.00pm – 7.00pm Conference Registration 

1.30pm – 5.00pm Pre-Congress: Emerging Researchers Forum 

Venue: Millennium Hotel – room to be confirmed                                                                            
 
1:30-2.00pm Light lunch  
 
2.00-2.15pm Welcome and opening of the forum.  
 
2.15-3.00pm “It’s important to write right – how to get your paper published.” - Jerry Dempsey  
 
3.10-3.55pm “Show me the money – targeting your project to ensure funding” – Panel Discussion 
 
4.00 -4.45pm “Anyone want to play with me? Establishing collaborations and enticing people to work with you.” - Bruce Smaill 
 

  

5.30pm – 6.45pm Conference Welcome  

Venue: Galaxy 1 & 2 

Chris Charles – Chair, Organising Committee 

Platinum Sponsors: University of Otago (Vicky Cameron) 

                                Institute of Biomedical Technology, AUT (Ahmed Al-Jumaily) 

 

Opening Night Speaker 
Title: “Challenges and opportunities – the ongoing evolution of  medical research” 
Prof Sir Peter Gluckman: Prime Minister’s Chief Science Advisor  

  

6.45pm – 8.00pm Welcome Reception 

Sponsored by Otago Medical Research Foundation   

Venue: Galaxy 3 & Gallery 

 



 5 

WEDNESDAY 1 DECEMBER 2010 
 

8.00am – 5.00pm Conference Registration 

8.45am – 10.00am Welcome & Plenary Lecture: 

Jerry Dempsey (Wisconsin, Madison, USA): "Hypoxia and Humans: the Good, the Bad and the Ugly!" 

Chair: Chris Charles 

Venue: Galaxy 1 & 2 

10.00am – 10.30am Morning Tea 
Venue: Galaxy 3 & Gallery  

Symposium 1: “Kisspeptin co-ordination of neuroendocrine function” 

Chair: Allan Herbison 

Venue: Galaxy 1 

Symposium 2: “The kidney in health and disease” 

Chair: Rob Walker and Ged Davis 

Venue: Galaxy 2 

10.30am – 12.30pm 

Jeremy Smith: Kisspeptin regulation of gonadotropin secretion: tracing the 
pathways within the brain 

Rosemary Brown: Regulation of kisspeptin neurons by prolactin  

Victoria Scott: A role for kisspeptin during pregnancy? Activation of oxytocin 
neurons in vivo. 

Janette Quennell: The regulation of kisspeptin neurons by leptin 

Paul Goodyear: TBA 

Tony Merriman: Genetics of renal urate transport in gout 

Rob Walker: Chronic fibrosis in kidney disease 

Janak de Zoysa: Pharmacogenetics and the kidney 

12.30pm – 1.30pm Lunch 

Venue: Galaxy 3 and Gallery 

1.30pm – 3.00pm Concurrent Session 1A: PSNZ  

*PSNZ Mary Bullivant Prize Candidates  

Chair: Kirk Hamilton 

Venue: Galaxy 1 

Concurrent Session 1B: NZSE  

*NZSE Raylab Student Prize Candidates 

Chair: Dave Grattan 

Venue: Galaxy 2 

Concurrent Session 1C: Renal theme 

Title: Kidney in Health and Disease 

Chair: Tony Merriman 

Venue: Conference 1 – Copthorne 

1.30pm *In-Hae Park: Identification of a GSH efflux 
pathway in the rat lens epithelium  

*Rachel Cheong: Rapid estrogen actions on multiple 
signaling pathways in gonadotropin-releasing 
hormone neurons  

Andrew Bahn: OAT4 is a urate transporter in 
different species 

1.45pm *Ankita Umpathy: A model for testing anti-cataract 
therapies: Developing a hyperbaric oxygen system to 
mimic nuclear cataract in vitro  

*Anan Harbid: Characterisation of kisspeptin and 
RFamide related peptide-3 (RFRP-3) neurons in the 
brushtail possum brain  

Michael Eccles: Primary cilia abnormalities 
characterize an ovine polycystic kidney disease that 
maps to the meckel syndrome gene, MKS3 

2.00pm *Peter Sin: Interactions between heart rate 
variability and pulmonary gas exchange efficiency in 
humans 

*Shel Yeo: Arcuate nucleus kisspeptin neuronal 
projections unveiled with neuroanatomical tracing  

Gerard Davis: Lithium treated rats have an impaired 
ability to acidify their urine 
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2.15pm *Mohammed Al Rawi: Computational fluid 
dynamics for nonaxisymmetric atherosclerosis and 
aneurysm diagnostics 

*Jean Viljoen: Is the timing of puberty the result of 
epigenetic change?  

Joanne Harrison: Renal injury consequent to 
chronic ischemic heart failure: a murine model of 
type-2 cardio-renal syndrome  

2.30pm *Xin Shen: Characterisation of the slow force 
response to stretch in rat cardiac trabeculae  

*Mohammed Rizwan: Changes in RFamide-related 
peptide-3 (RFRP-3) gene expression during lactation  

David Nickerson: An interface for interacting with 
multiscale models of the nephron 

2.45pm *Michel Herde: GnRH neurons project dendrites 
into the OVLT 

John Ingram: Inhibition of carbohydrate absorption 
by plant flavonoids 

Cherie Stayner: Rapamycin treatment suppresses 
renal cyst formation in PKD1

-/- embryos 

3.00pm – 3.30pm Afternoon Tea 

Galaxy 3 and Gallery 

3.30pm – 5.00pm Concurrent Session 2A: PSNZ/Bioengineering Joint  

*PSNZ Mary Bullivant Prize candidates  
**ABI Carman Student Prize candidates  
Chairs: Denis Loiselle and Edmund Crampin  

Venue: Galaxy 1 

Concurrent Session 2B: NZSE 

*NZSE Raylab Student Prize candidates  

Chair: TBA 

Venue: Galaxy 2 

Concurrent Session 2C: Combined Session 

Title: Eyes, Ears and Airways 

Chair: Paul Donaldson 

Venue: Conference 1 - Copthorne 

3.30pm *Tim Angeli: Validation of novel recording and 
analysis methods for mapping small intestine 
bioelectrical activity  

*Zoe Clayton: Maternal adaptation to a high fructose 
diet: effects of offspring metabolic function  

Gus Grey: Ocular lens aquaporins: Spatial 
distributions and roles in lens homeostasis  

3.45pm *June-Chiew Han: Exploring the mechanisms of 
incomplete twitch relaxation in healthy cardiac 
muscle   

*Cassandra Yap: Effects of a maternal high fructose 
diet on the development and function of the placenta   

Kerry Walker: ATP release in the ocular lens: The 
role of hemi-channels as an ATP release mechanism  

4.00pm *Sally Rutherford: High resolution 3D 
reconstruction of the infarct border zone: 
Remodelling on electrical activation 

*Sarah McFadden: Prolactin-induced activation in 
the maternal brain during early pregnancy  

Srdjan Vlakovic: Can we reverse deafness? 

4.15pm **Evan Blumgart: Cardiac ryanodine receptors: A 
3D spatial analysis 

*Tony Sapsford: Prolactin does not act directly on 
corticotrophin-releasing hormone neurons in the rat 
paraventricular nucleus  

Meha Mathur: Effects of isoproterenol combined 
with breathing oscillations in porcine airway  

4.30pm **Kenneth Tran: Mathematical modelling of energy 
demand and supply in the cardiac myocyte  

*Joe Yip: Prolactin-dependent enkephalin expression 
in Tida neurons of lactating mice  

Prisca Mbikou: Experimental and theoretical 
investigation of the role of Rho kinase in airway 
contraction  

4.45pm **Jesse Ashton: Characterising the 3D distribution 
of atrial autonomic innervation in the rat   

Kim Lo: The wingate anaerobic test as a 
standardized acute physical stressor  

Graham Donovan: A model of regional heterogeneity 
in asthmatic airway hyper-responsiveness 

5.00-5.30 Bioengineering Business Meeting 

Venue: Galaxy 1 

HRoNZ Special General Meeting 

Venue: Galaxy 2 

 

5.30pm – 8.00pm Poster Session and Drinks - Venue: Gallery 
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THURSDAY 2 DECEMBER 2010 
 

7.15 – 8.00 PSNZ Council Meeting.  Venue: Galaxy 1 

8.00am – 5.00pm Conference Registration 

8.30am – 10.00am Concurrent Session 3A: Bioengineering theme 

**ABI Carman Student Prize candidates  

Chair: Bruce Smaill 

Venue: Galaxy 1 

Concurrent Session 3B: PSNZ Student session 

*PSNZ Mary Bullivant Prize candidates  

†John Hubbard Memorial Prize 

Chair: Pat Cragg 

Venue: Galaxy 2 

8.30am **Peng Du: Recent advances in modeling of gastric electrical activity  *Eleanor Gunn: Alpha-adrenergic blockade dysregulates fetal cerebral blood 
flow during seizures after asphyxia in utero 

8.45am **Pau Medrano-Gracia: The cardiac atlas project: Toward a statistical atlas of 
the shape and function of the human heart  

*Gabrielle Farley: The cardiovascular and neural effects of low and high doses 
of killed Su-Streptococcus pyogenes (OK-432) in preterm fetal sheep 

9.00am **Annalisa Swan: The role of structure-function relationships in determining 
spatial and temporal PO2 variations in the lungs  

9.15am **Thiranja P Babarenda Gamage: Modelling and identifying mechanical 
properties of the breast using gravity loading  

†Joanne Davidson: Stopping the spread: Connexin hemichannels in ischemic 
brain injury – Hubbard Award Finalist 

9.30am **Xiani Yan: A population based shape analysis of pelvic floor muscle anatomy 
in athletes and non-athletes  

9.45am **Ju Zhang: Automatic femur mesh generation based on optimal landmark 
regions  

†Isuru Jayasinghe: Resolving the structural basis of cardiac excitation-
contraction coupling – Hubbard Award Finalist 

10.00am – 10.30am Morning Tea 

Venue: Galaxy 3 & Gallery  

Symposium 3: “Bioengineering” 

Chair: Peter Hunter and Tim David 

Venue: Galaxy 1 

Symposium 4: “Cardiovascular regulation: an integrative approach” 

Chair: Karen Peebles and Jerry Dempsey 

Venue: Galaxy 2 

10.30am – 12.30pm 

Martyn Nash: Myocardial MRI, motion, mechanics and malfunction 

Tim David: The challenge of multiple scales in the biological sciences: 
Applications in cerebro-vascular perfusion  

Merryn Tawhai: A multi-scale model of the human pulmonary 

Edmund Crampin: Systems biology modeling in the ABI 

Barbara Morgan: Effects of intermittent hypoxia on chemoreflex control of 
sympathetic vasoconstrictor outflow 

Laura Bennet: The preterm fetus: passive passenger or ninja warrior? 
Carolyn Barrett: Sex-differences in the sympathetic responses post myocardial 
infarction 
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Dave Jardine: Autonomic effects on the cardiovascular system in response to 
mental stress, myocardial ischaemia and hypotension  

12.30pm – 1.30pm Lunch 

Venue: Galaxy 3 and Gallery 

1.30pm – 3.00pm Concurrent Session 4A: Combined Session 

Title: Cardiovascular – Cellular and Arrhythmias 

Chair: Vicky Cameron 

Venue: Galaxy 1 

Concurrent Session 4B: Combined Session 

Title: Neuroendocrinology  

Chair: Colin Brown 

Venue: Galaxy 2 

1.30pm Rachael Augustine: Do leptin-sensitive GABA neurons convey metabolic 
signals to GnRH neurons?  

1.45pm 

Keynote Speaker: Rob Gourdie. A peptide mimetic of the Connexin43 C-
terminal reduces gap junction remodeling and arrhythmias following ventricular 
injury. 

Sharon Ladyman: Development of hypothalamic insulin resistance during 
pregnancy  

2.00pm Peter Jones: Increased calcium leak alone is not sufficient to cause arrhythmia Caroline Larsen: A calcium casienate-enriched diet throughout pregnancy 
increases maternal neurogenesis during pregnancy and prevents anxiety 
postpartum in mice  

2.15pm David Baddeley: Multicolor 3D optical super-resolution imaging  Xinhuai Liu: GABA regulates the activity of GnRH neurons via GABAB 
receptors  

2.30pm Bridget Leonard: Does this collagen make my heart look big? Quantifying 
regional cardiac function and collagen organization following myocardial 
infarction  

Jenny Clarkson: Estrogen activation of kisspeptin expression during pubertal 
development in male and female mice  

2.45pm Daryl Schwenke: Role of Rho-kinase signaling in modulating blood flow 
distribution in pulmonary hypertension  

Kevin Stewart: Comparison of the effects of food deprivation and insulin on the 
synthesis of proteins in mammary cells  

3.00pm – 3.30pm Afternoon Tea 

Galaxy 3 and Gallery 

 NZSE Clinical Endocrinology Conference commences. Venue: Copthorne Hotel - refer separate programme 

3.30pm – 5.00pm Concurrent Session 5A: Combined session 

Title: Diabetes and Cardiovascular – Genes to Treatment 

Chair: Laura Bennet 

Venue: Galaxy 1 

Concurrent Session 5B: Bioengineering theme 

Title: Bioengineering and Modeling 

Chair: David Long 

Venue: Galaxy 2 

3.30pm Vinod Suresh: A cell culture system for lung epithelial fluid transport  

3.45pm 

Keynote Speaker: Chris Jenkinson 

Recent major changes in complex disease research Jennine Mitchell: Bronchoconstriction and the MBNW: Insights from 
anatomically-based lung models 

4.00pm Nicola Scott: Metabolic syndrome alters cardiorenal expression of metabolic risk Vijay Rajagopal: Mapping tumours between X-ray mammography and breast 
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loci genes  MRI  

4.15pm Vicky Cameron: Comparison of rates of diagnosed and undiagnosed 
cardiovascular disease and its risk factors among Maori and non-Maori 
communities in New Zealand   

Hai Lan: Automated ambulatory blood pressure measurement insensitive to 
artifacts 

4.30pm Chris Charles: Monitoring of heart failure: Comparison of left atrial pressure 
with intrathoracic impedance and natriuretic peptide measurements in an 
experimental model of ovine heart failure  

Gijs Ijpma: Myosin and actin polymerization and depolymerization in length 
adaptation of airway smooth muscle – a mathematical model  

4.45pm Sam Lucas: The influence of systemic sympathetic activity on cerebral perfusion 
at rest and during exercise: Alterations with ageing  

Denis Loiselle: Rectifying a 50-year old misinterpretation  

5.00pm – 6.00pm PSNZ – AGM 

Venue: Galaxy 1 

NZSE - AGM 

Venue: Galaxy 2 

7.00pm -  Conference Dinner 

Venue: Skyline Gondola Restaurant 

Student prizes will be awarded at the dinner 
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FRIDAY 3 DECEMBER 2010 
 

8.00am – 12.00pm Conference Registration 

8.45am – 10.00am Plenary Lecture: Joint session with Clinical Endocrinology Conference 

NZSE Nancy Sirrett Lecture – Matt During (Columbus, Ohio, USA): The hypothalamic-sympathoneural-adipocyte axis and its role in metabolic disease and cancer 

Chair: Kathy Mountjoy 

Venue: Galaxy 1&2 

10.00am – 10.30am Morning Tea 

Venue: Galaxy 3 & Gallery  

Symposium 5: “Respiratory and Cardiovascular – Diagnostics and Therapeutics”  

Chair: Ahmed Al-Jumaily 

Venue: Galaxy 1 

Symposium 6: “Growth and Development”  

Joint session with Clinical Endocrinology Conference 

Chair: Mark Vickers and Deborah Sloboda 

Venue: Galaxy 2 

10.30am – 12.30pm 

Cahit Evrensel: Means of enhancing cough clearance 

James Bartley: Physical therapies and bacterial biofilms 

Andrew Lowe: Rediscovering the pulse wave after 100 years  

Jamie Sleigh: Modern ventilation techniques in ICU 

Jo Perry: Growth hormone and breast cancer 

Rinki Murphy: Genetic and epigenetic causes of diabetes  

Renate Koops: Counter-regulatory hormone response to insulin tolerance testing 
in the LCT/DIA-06 study …  

Mark Green: Early developmental problems and the health of cloned animals 

12.30pm – 1.30pm Closing Remarks and 

New Zealand Society for Medical Sciences (MedSci) AGM – All delegates 
welcome 

Galaxy 1 

NZSE  

Clinical Endocrinology Conference continues 

Venue: Conference 1 – Copthorne 

 

Refer separate programme 
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POSTERS 

 

 

The poster session is timed for 5.30 – 8.00pm Wednesday 1st December. 

Poster presentations/viewing will be held in the Gallery while enjoying drinks. 

Please mount your Posters by lunch time on Wednesday. Posters should be removed by the end of Thursday. 

 

 

PHYSIOLOGICAL SOCIETY OF NEW ZEALAND 
 

 

* Mary Bullivant Poster Prize Candidates 

P1. Nurul Abdul: The effects of kisspeptin on supraoptic nucleus oxytocin neurons   

P2. *Mohammed Al Haddad: Physical treatment of chronic rhinosinusitis  

P3. Laura Bear: Simultaneous reconstruction of epicardial and endocardial potentials with intracardiac mapping and 

inverse analysis of body surface potentials  

P4. *Tina Chao: Functional expression of a NaHCO3 cotransporter in the villous cells of possum ileum 

P5. Emily Gray: Ghrelin prevents adverse changes in pulmonary blood flow following the development of pulmonary 

arterial hypertension by modulating endogenous endothelin-1 assessed using microangiography  

P6. Sarah-Jane Guild/Carolyn Barrett: Left ventricular pressure (LVP) measurement in conscious small animals via 

telemetry  

P7. *Su Young Han: Telemetric monitoring of blood pressure during induction of hypertension in Cyp1a1-Ren2 rats  

P8. *Natalie Joe: Modulation of dehydration-induced increases in magnocellular neurosecretory cell activity by glial 

neurotransmitter transporters 

P9. *Callum Johnston: On the use of vapour pressure to measure temperature for a cardiac muscle microcalorimeter  

P10. *Sarbjot Kaur: The role of Epac in excitation-contraction (E-C) coupling in cardiac muscle 

P11. Rob Kirton: Towards a faster, flexible extended-volume confocal imaging system  

P12. Hoi-Ieng Lam/Bridget Leonard: Investigating fibre structure in rats with myocardial infarction using MRI  

P13. Regis Lamberts: Diet composition induces metabolic changes that alter myocardial function, resistance to 

ischaemia and cardioprotection in the rat heart  

P14. *Sandy Lau: Necrotic trophoblasts and gestational blood pressure  

P15. Angela Lee/Thiranja Babarenda Gamage: In-vivo estimation of breast tissue mechanical properties using 3D 

normalised cross-correlation  

P16. *Nancy Liu: Involvement of MP20 in the formation of macro-molecular diffusion pathway 

P17. David Long: Regional hemodynamic determinants of arterial endothelial phenotype 

P18. Sam Lucas: The influence of systemic sympathetic activity on resting and exercise cerebral blood flow responses 

in the morning and afternoon 

P19. Daryl Schwenke: Exogenous ghrelin enhances the acute hypoxic ventilatory response after 2 weeks of chronic 

hypoxia  

P20. Andrew Taberner: A laser interferometer-based mechanical testing device for work-loop experiments n rat 

cardiac trabeculae 

P21. *Kate Thomas: Protection from initial orthostatic hypotension depends on systemic sympathetic activity in young 

but not older adults  

P22. *David White: Nasal airconditioning during n-CAP therapy  
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P23. Barclay Winter: Trafficking of KCa3.1 in a polarized epithelium  

 

 

NEW ZEALAND SOCIETY OF ENDOCRINOLOGY 
 

 

P24. Diana Fieldwick: Suppression of leptin induced pSTAT3 in the hypothalamus of pregnant mice  

P25. Karl Iremonger: Back-propagating action potentials evoke faithful calcium transients in the dendrites of GnRH 

neurons  

P26. Kevin Mills: Impaired central insulin sensitivity in a rat model of polycystic ovary syndrome  

P27. Nicola Scott: Apolipoprotein E isoforms are associated with age of onset of coronary disease but not subsequent 

mortality in a coronary disease cohort 

P28. Pieta Winter: Changes in expression of GABAA and GABAB receptor subunits in specific brain regions during 

pregnancy and postpartum in mice with postpartum anxiety 

 

 

ANAESTHESIA RESEARCH GROUP OF NEW ZEALAND 
 

 
P29.  Michael Harrison: Diagnosing intra-operative hypovolaemia: How length-of-run effects sensitivity and specificity when using 

runs analysis 

 

 

BIOENGINEERING THEME 
 

 

P30. Carlos Lopez-Muedano: Optical system for inexpensive disease diagnosis 

P31. Jessica Jor/Martyn Nash: Identification of material parameters of a structurally-based constitutive relation for 

skin mechanics 

P32. Tom Lintern/Martyn Nash: Dynamic head and neck motions during violent shaking 

P33. Vicky Wang/Martyn Nash: Estimating contractile myocardial stress using magnetic resonance imaging  

P34. Matthew Parker: A multi-camera stereoscope for measurement of geometry and surface temperature distribution 

of the diabetic foot 

P35. Jonna Terkildson: Mathematical modelling of the distal nephron  
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PLENARY LECTURES  
 

 
 
P1 HYPOXIA AND HUMANS: THE GOOD, THE BAD AND THE UGLY 

Jerome A Dempsey 
University of Wisconsin – Madison, USA 
 
This talk provides a perspective on how healthy adult humans respond acutely and chronically to oxygen lack – with 
special emphasis on high altitude exposure and the intermittent hypoxemia of sleep apnea.  We contrast the positive 
adaptive features of the human’s response with the maladaptive and / or high physiologic cost of these same responses.  
The adult human is compared to adaptations to hypoxia present throughout the animal kingdom.  We question the 
popular notion that humans do truly “adapt” to hypoxic environments.   
 
 

 
 
P2 THE HYPOTHALAMIC-SYMPATHONEURAL-ADIPOCYTE AXIS AND ITS ROLE IN METABOLIC 

DISEASE AND CANCER 

Matt During 
Columbus, Ohio, USA 
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SYMPOSIA ABSTRACTS  
 

 
Symposium 1: Kisspeptin co-ordination of neuroendocrine function 
 

 
S1.1 KISSPEPTIN REGULATION OF GONADOTROPIN SECRETION: TRACING THE PATHWAYS 

WITHIN THE BRAIN 

Jeremy T Smith 
Department of Physiology, Monash University, Melbourne, Australia 
 
Kisspeptin is the product of the Kiss1 gene and potently stimulates gonadotropin-releasing hormone (GnRH) secretion. 
Kisspeptin neurons in the hypothalamus have proven to be an integral part of the ‘missing link’ bridging the divide 
between levels of gonadal steroids and feedback control of GnRH secretion. As such, they have proven to be very 
important in the generation of both estrogen negative and estrogen positive feedback signals to GnRH neurons in 
females. The former involved in the tonic regulation of GnRH secretion and the latter critical for the rapid and robust 
rise in GnRH output responsible for the luteinising hormone (LH) surge and ovulation. In sheep, Kiss1 mRNA 
expressing cells are found in the arcuate nucleus (ARC) and dorsal preoptic area (POA) and both populations appear to 
mediate the positive feedback effect of estradiol to generate the preovulatory GnRH/LH surge. In the ovine brain, 
kisspeptin cells of the POA provide direct input to GnRH neurons, whereas kisspeptin cells of the ARC do not. Data 
also point to a similar phenomenon in mice. Therefore, alternative pathways from ARC kisspeptin neurons to the GnRH 
neurons may exist. To demonstrate alternative kisspeptin stimulation of GnRH neurons, we showed kisspeptin effects 
on GnRH release from ovine median eminence (ME) cultured explants. This indicates direct kisspeptin to GnRH 
terminal-to-terminal communication within the ME. Using neuronal tracer and immunohistochemical techniques, we 
examined the origin of kisspeptin neuronal terminals in the external zone of the median eminence. These data suggest 
ARC populations of kisspeptin neurons send terminals to the median eminence. Overall, our data suggest that kisspeptin 
has an essential role in receiving estrogen stimulatory signals and generating the full positive feedback GnRH/LH surge. 
Moreover, we further demonstrate a GnRH-terminal action of kisspeptin and have provided further anatomical data 
showing the existence and origin of kisspeptin terminals in the ME. 
 

 
S1.2 REGULATION OF KISSPEPTIN NEURONS BY PROLACTIN  

Rosemary Brown, Ilona Kokay, Allan Herbison, David Grattan  
Centre for Neuroendocrinology, University of Otago, Dunedin, New Zealand  
 
Elevated levels of the pituitary hormone prolactin can lead to suppression of the hypothalamic-pituitary-gonadal axis, 
resulting in impaired fertility in mammals. Prolactin appears to act at the level of the hypothalamus to alter 
gonadotropin releasing hormone (GnRH) secretion, but the specific mechanism of action is not clear. It appears that 
prolactin is unlikely to act directly on GnRH neurons themselves, as we have shown that only a small subpopulation of 
GnRH neurons express prolactin receptor mRNA, and show prolactin-induced phosphorylation of signal transducer and 
activator of transcription 5 (pSTAT5). Kisspeptin neurons in the rostral periventricular area of the third ventricle 
(RP3V) may provide an indirect pathway by which prolactin suppresses GnRH neuronal activity. Previously, we have 
shown by dual-label in situ hybridisation, that 85% of RP3V kisspeptin neurons express prolactin receptors in female 
rats. Using dual-label immunohistochemistry for kisspeptin and pSTAT5, we have found that there also is significant 
induction of pSTAT5 by prolactin in kisspeptin neurons in a diestrous mouse. Furthermore, we have found that under 
conditions of chronic high prolactin (lactation), levels of kisspeptin protein are reduced. These data are consistent with 
the hypothesis that prolactin inhibits kisspeptin to suppress GnRH release. 
 

 
S1.3 A ROLE FOR KISSPEPTIN DURING PREGNANCY?: ACTIVATION OF OXYTOCIN NEURONS IN 

VIVO 

Scott V, Brown CH. 
Centre for Neuroendocrinology and Department of Physiology, Otago School of Medical Sciences, University of Otago, 
Dunedin 9054, New Zealand. 
 
Kisspeptin was discovered in 2001 and found to be a peptide critical for fertility. Loss of kisspeptin or mutation of 
kisspeptin receptors (KISS1R) prevents puberty, a function mediated by kisspeptin neurons that directly activate 
gonadotrophin releasing-hormone neurons in the brain. However, in addition to neuronal kisspeptin, kisspeptin is also 
synthesised and secreted by the placenta. Plasma kisspeptin levels increase dramatically over the course of human 
pregnancy but the function of this circulating kisspeptin is unknown. During pregnancy, there are changes in the 
maternal brain that includes an altered pattern of oxytocin secretion, critical for normal birth and survival of the 
newborn by stimulating uterine contractions during birth and milk ejection during suckling. Pregnancy-induced changes 
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in oxytocin secretion are a result of increased activity of hypothalamic oxytocin neurons that release oxytocin from the 
posterior pituitary gland, but the mechanisms that cause this altered activity are poorly understood. Intravenous (i.v.) 
administration of kisspeptin is known to stimulate oxytocin secretion in non-pregnant rats and using in vivo 

extracellular single unit recording from the SON of urethane-anaesthetised cycling female rats, we have found that the 
firing rate of oxytocin neurons increases following i.v. injection of kisspeptin-10. Therefore the elevated circulating 
kisspeptin in pregnancy may have a role activating oxytocin neurons during this time. 
 

 
S1.4 THE REGULATION OF KISSPEPTIN NEURONES BY LEPTIN 

Janette H Quennell, Chris X Howell, Rachael A Augustine, David R Grattan, Greg M Anderson 
Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, University of Otago School of 
Medical Sciences, Dunedin, New Zealand.  
 
Early reports recognised that fertility and the hypothalamic-pituitary-gonadal axis are closely linked to nutritional 
status. For women, both lean and obese body types can have a detrimental effect on gonadotrophin-releasing hormone 
(GnRH) production, conception and implantation rates. The anorexigenic peptide leptin is secreted from fat cells in 
proportion to body weight. Animals without a functional leptin signaling system are obese and have marked suppression 
of fertility. The primary site of leptin’s effects on the reproductive system is central, but it does not act directly on 
GnRH-secreting neurones. The potent GnRH-stimulating neuropeptide kisspeptin is a potential intermediary. There is 
some evidence for a leptin receptor → kisspeptin neurone → GnRH neurone relay. However, the effects of leptin 
deficiency on kisspeptin expression have not been investigated in females. Furthermore, it is unknown how the 
kisspeptin system responds to diet induced obesity (DIO) and thus high circulating levels of leptin. In this presentation, 
we show that leptin deficiency decreases kisspeptin mRNA levels and cell numbers in female mice. Moreover, DIO 
decreases kisspeptin mRNA expression using a high-fat diet model. Additionally, kisspeptin-expressing neurones 
located solely within the arcuate nucleus displayed leptin-induced signaling. Lastly, we established that leptin-deficient 
mice were unable to exhibit a GnRH/LH surge or the associated activation of kisspeptin neurones. These data support 
the role of kisspeptin as a neuronal link between leptin receptor signaling and GnRH neurones. 
Funding: The Royal Society of New Zealand FastStart programme (awarded to JHQ), and The Health Research 

Council of New Zealand (awarded to GMA) supported this work. The Health Sciences Career Development Programme 

Postdoctoral Fellowship from the University of Otago supported JHQ. 
 

 
Symposium 2: The kidney in health and disease 
 

 
S2.1 Paul Goodyear 
 

 
S2.2 GENETICS OF RENAL URATE TRANSPORT IN GOUT 

T Merriman 
Department of Biochemistry, University of Otago, Dunedin, New Zealand 
 
Elevated urate concentrations in the blood (hyperuricaemia) is a significant risk factor for gout.  In some individuals, 
when super-saturation of urate is reached, monosodium urate crystals form within the joint and elicit a painful self-
limiting inflammatory response that is characteristic of acute gouty arthritis.  The most important cause of 
hyperuricaemia is reduced excretion of uric acid in the urine.  Uric acid excretion is coordinated by a suite of urate 
transport molecules expressed in the renal collecting tubules. Genome-wide association scans for genes regulating 
serum urate concentrations have identified two major regulators of hyperuricaemia in Caucasian – the urate transporters 
SLC2A9 and ABCG2, both expressed in the kidney. Risk variants at each gene approximately double the risk for gout 
in people of Caucasian and Asian ancestry, with SLC2A9 also resulting in higher risk for gout in people of Polynesian 
ancestry, a diverse population characterized by a high prevalence of gout. There is, however, a differential pattern of 
risk conferred by ABCG2 within Polynesian populations. Ongoing genetic association studies are identifying and 
confirming other genes controlling serum urate concentrations, such as NPT1, URAT1, OAT4 and PDZK1. 
 

 
S2.3 CHRONIC FIBROSIS IN KIDNEY DISEASE 
Rob Walker 
Department of Medical and Surgical Sciences, University of Otago 
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S2.4 PHARMACOGENETICS AND THE KIDNEY 

Janak de Zoysa  
Department of Renal Medicine, North Shore Hospital, Waitemata District Health Board and Faculty of Medicine and 
Health Sciences, The University of Auckland. 
 
Personalised medicine embraces the concept of determining the right drug, at the right dose, for the right patient. 
Therapy for patients with kidney disease may be individualised by use of a biomarker approach and/or 
pharmacogenetics. Although a number of biomarkers have been identified the use of these biomarkers to guide therapy 
in renal disease is yet to be validated. Pharmacogenetics uses the concept of modifying therapy for the patient based on 
genetic pathways that activate/inactivate drugs, affect drug uptake and transport, or influence drug targets. The drug 
cyclophosphamide is commonly used in the treatment of autoimmune renal diseases such as systemic lupus 
erythematosis and anti-neutrophil cytoplasmic antibody associated vasculitis. Using the Auckland human liver biobank 
we have shown that the in vitro activation of cyclophosphamide varies significantly and that the activation relates to 
cytochrome P450 pharmacogenes.  From a prospective study of patients presenting with lupus nephritis we have found 
that the incidence of loss of function genes are common, that the degree of bioactivation of cyclophosphamide is highly 
variable and that degree of bioactivation is related to the presence of loss of function genes. Further studies are 
underway to determine if clinical response can be predicted from the knowledge of these genes. 
 

 
Symposium 3: Bioengineering 
 

 
S3.1 MYOCARDIAL MRI, MOTION, MECHANICS AND MALFUNCTION 

Martyn P Nash 
Auckland Bioengineering Institute and Dept. of Engineering Science, University of Auckland.  
  
The pumping function of the heart is driven by tightly controlled interactions between myocardial muscle mechanics 
and electrophysiology. Magnetic resonance imaging (MRI) techniques can provide quantitative information on the 
time-varying 3D distributions of heart wall deformations (via non-invasive MRI tagging), localised myocardial tissue 
architecture (via diffusion tensor MRI), and regional pathology (e.g. infarction via delayed Gadolinium enhancement 
MRI). Mathematical modelling provides a rational basis for interpreting such detailed physiological data using an 
integrated computational framework that encapsulates the principles of physics. This presentation will outline methods 
for developing structurally-based anatomical models of the heart, and for representing myocardial electro-mechanical 
activity (i.e. excitation-contraction coupling, mechano-electrical feedback, and metabolic demand). Discussion will 
focus on the use of such integrated models to investigate in-vivo myocardial mechanical properties, mechanisms of 
heart failure, ventricular energetics, and the effects of mechanics on re-entrant wave dynamics and fibrillation. 
 

 
S3.2 THE CHALLENGE OF MULTIPLE SCALES IN THE BIOLOGICAL SCIENCES: APPLICATIONS IN 

CEREBRO-VASCULAR PERFUSION 
Tim David  
Centre for Bioengineering, University of Canterbury, New Zealand 
 
In line with architectural advances in supercomputing science and engineering have each been posing more and more 
complex problems which are defined on complex geometric physical spaces. These physical spaces are themselves 
defined over vast ranges of scale lengths. In order to solve problems whose scale lengths vary substantially there are 
two possible solutions. Either discretise down to the smallest scale with the possibility of producing such large data sets 
and numbers of equations that the memory requirements become too large for the machine or divide the problem into a 
subset of appropriate length scales and map these discretised sub-domains onto appropriate machine architectures. 
There are a significant number of problems that exhibit a large range of physical scales but none so prominent in the 
21st Century as that exemplified within the biological sciences. In the major arterial networks the blood flow dynamic 
scales are of the order of 1mm (cerebral vessels) up to 25mm (ascending aorta). Downstream of any major vessel exists 
a substantial network of arteries, arterioles and capillaries whose characteristic length scales reach the order of 10-20 
microns. Within the walls of these cylindrical vessels lie ion channels consisting of proteins (100 nanometers and 
smaller) folded in such a way as to allow only certain molecules through the membrane. To investigate the way in 
which the brain responds to variations in pressure and yet maintains a virtually constant supply of blood to the tissue 
numerical models need to be able to have a representation of not only the vascular tree but also a dynamic model of 
how the small arteries constrict and dilate. Simulating this phenomenon as a "lumped" connection of arteries is 
insufficient since different parts of the arterial tree respond differently. Thus we have a range of scales from the major 
arteries down to the arteriolar bed. This particular talk will outline the reasons for investigating multiple scales and their 
particular constraints with special reference to the autoregulation of blood in the cerebro-vasculature and outline a 
possible solution.  
 

 



 17

S3.3 A MULTI-SCALE MODEL OF THE HUMAN PULMONARY  
Merryn H. Tawhai1, Alys R. Clark1, Kelly S. Burrowes2 
1Auckland Bioengineering Institute, University of Auckland, Auckland. 2Oxford University Computing Laboratory, 
University of Oxford, Oxford, UK. 
 
The relative contribution of tissue deformation, hydrostatic pressure, and anatomical structure to heterogeneity in 
pulmonary perfusion are not well understood. To study their relative contribution we have developed a multi-scale 
model of the pulmonary circuit in which blood traverses through anatomically-structured elastic arteries and veins that 
are joined by a novel ‘ladder’ model of the intra-acinar circulation. Arterial and venous model geometry is based on in 
vivo CT imaging; the ladder structure is based on morphometric studies of the pulmonary acinus, and it allows 
development of non-uniform perfusion within each of the ~60,000 acini in the model. Blood in pre-acinar vessels is 
assumed Newtonian; at the capillary level the classic ‘sheet-flow’ model is adopted. The influence of tissue deformation 
is included via change in vessel location, length, and radius through the transmural pressure. The model predicts that 
hydrostatic effects are essentially posture independent, with postural variation in flow gradients determined by tissue 
deformation. Coupling of large and small scale models reveals significant variation in micro-circulatory driving 
pressure within iso-gravitational planes which arises due to heterogeneous large vessel resistance and is amplified by 
the complex balance of capillary pressures, distension, and flow. This arises from the zonal model and its description of 
the link between these micro-circulatory properties. Application of the model in studying the redistribution of blood 
flow in pulmonary embolism and the conditions under which elevated pulmonary blood pressure develop will be 
presented. 
 

 
S3.4 SYSTEMS BIOLOGY MODELING IN THE ABI 

Edmund Crampin 
Auckland Bioengineering Institute, University of Auckland, Auckland 
 
As “omics” technologies reveal more and deeper information about the molecular workings of cellular pathways and 
processes, the gap between our knowledge of the molecular players and our understanding of their role in physiological 
and disease processes only appears to be growing. Computational modelling is one possible approach to linking 
molecular information through to its physiological implication. I will illustrate this approach using several examples 
from work being undertaken at the Systems Biology group at Auckland’s Bioengineering Institute.  
 

 
Symposium 4: Cardiovascular regulation: An integrative approach 
 

 
S4.1 EFFECTS OF INTERMITTENT HYPOXIA ON CHEMOREFLEX CONTROL OF SYMPATHETIC 

VASOCONSTRICTOR OUTFLOW 

Barbara J Morgan1, Noah J Marcus1, Ailiang Xie1, Yu-Long Li2, Harold D Schultz2 
1University of Wisconsin-Madison and 2University of Nebraska Medical Center, USA  
 
Sympathetic nervous system overactivity is thought to contribute importantly to hypertension in humans with 
obstructive sleep apnea. Heightened chemoreflex control of sympathetic outflow has been observed in such individuals. 
To investigate the mechanisms leading to this neural adaptation, we exposed Sprague-Dawley rats to chronic 
intermittent hypoxia (CIH), an animal model that mimics the episodic hypoxemia of sleep apnea. Control (CON) rats 
were housed under normoxic conditions. After 28 days, rats were anesthetized, paralyzed, and mechanically ventilated. 
Lumbar sympathetic nerve activity (LSNA) was recorded from the paravertebral chain and blood pressure was 
measured using an intra-arterial catheter. In a separate group of rats, carotid bodies were removed subsequent to the 
exposures and expression of key regulatory proteins was measured via Western blot analysis. To assess the role of the 
renin-angiotensin system in neural adaptations to CIH, half of the CIH and control rats received losartan, an angiotensin 
II type 1 receptor (AT1R) antagonist, in the drinking water. We found CIH caused an increase in blood pressure that 
was prevented by losartan. Baseline LSNA and increases in LSNA elicited by chemoreflex stimulation were higher in 
CIH vs. CON. Carotid body superoxide production and expression of AT1R and of the gp91phox subunit of NADPH 
oxidase were elevated in CIH rats, whereas expression of neuronal nitric oxide synthase was reduced. None of these 
differences were evident in rats treated with losartan. We conclude that CIH-induced augmentation of chemoreflex 
sensitivity occurs, at least in part, via the renin-angiotensin system. 
 

 
S4.2 THE PRETERM FETUS: PASSIVE PASSENGER OR NINJA WARRIOR? 

Laura Bennet 
Fetal Physiology and Neuroscience Group, Department of Physiology, The University of Auckland 
 
Is the fetus just a passenger for nine months, relying on mum and placenta for the delivery of not only its nutrients and 
oxygen but the defenses against challenges such as hypoxia? Studies in term fetuses have shown that the answer to this 
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is a resounding no. The term fetus has complex functional chemo- and baroreflex defense responses to hypoxia that help 
maintain perfusion and oxygen delivery to vital organs during a variety of hypoxic challenges. However, less is known 
about the preterm fetus who is at much greater risk of injury related to hypoxia. Until recently, leading theories have 
suggested that the preterm fetus is particularly at risk of injury due to relative immaturity of the neural and endocrine 
control mechanisms mediating the defense responses to hypoxia. Current data, however, call these theories, and the 
general equation “prematurity=immaturity=vulnerability”, in to significant doubt. Research now demonstrates that the 
preterm fetus is a somewhat robust warrior far more capable of defending itself than either the term fetus, newborn, or 
indeed the ultimate expression of form and function: the adult. This talk will explore the studies which lead us to 
consider the preterm fetus as a “ninja warrior” rather than defenseless passenger, and the concept that, paradoxically, 
the greater injury seen in preterm fetuses is in large part due to the fact that they defend themselves too well. 
 

 
S4.3 SYMPATHETIC RESPONSES TO MYOCARDIAL INFARCTION: DO FEMALES HAVE IT BETTER? 

Carolyn J Barrett, MI Pinkham 
Department of Physiology, University of Auckland 
 
One of the hallmarks of cardiovascular diseases is an up-regulation of the sympathetic nervous system.  Initially 
following myocardial ischemia (MI) sympathetic activation may be beneficial in maintaining cardiac output, but 
prolonged sympathetic activation precipitates a feed forward cycle which results in a further deterioration of myocardial 
performance. The fundamental processes underlying the sympathetic activation after MI and the progression to heart 
failure remain uncertain and significantly knowledge regarding changes to sympathetic nerve activity post-MI has been 
almost exclusively researched in males.  Two pathways thought to be important role in the sympathetic activation seen 
following MI are the arterial baroreflex and cardiac afferent reflex. We were thus interested in determining if the reflex 
responses elicited by these pathways were sex-specific.  In a rat model of MI, induced by ligating the left anterior 
descending coronary artery, we have demonstrated that sympathetic nerve activity increased dramatically immediately 
post-infarct in males, but not females.  Further examination showed that sex differences in the baroreflex control of 
sympathetic nerve activity was the major determinant of the sympathetic responses immediately post-MI.  By applying 
capsaicin to the heart to directly activate the cardiac afferent reflexes we have shown once again there are significant 
sex differences in sympathetic responses, with larger responses in the males.  These results suggest males are more 
likely to experience increases in SNA immediately post-MI, thus putting males at greater risk of sudden death.  The 
results are also consistent with the clinical observations that females are more likely to experience periods of 
hypotension post-MI.  These results suggest there is basis for considering sex specific treatments post MI that target the 
sympathetic nervous system.   
 

 
S4.4 AUTONOMIC EFFECTS ON THE CARDIOVASCULAR SYSTEM IN RESPONSE TO MENTAL 

STRESS, MYOCARDIAL ISCHAEMIA AND HYPOTENSION  

David L Jardine 
Department of General Medicine, Christchurch Hospital and Department of Medicine, University of Otago, 
Christchurch. 
 
Recent earthquakes in Christchurch have resulted in more cardiac-related admissions, presumably secondary to the 
effects of mental stress on the cardiovascular system. Current theory is that increased sympathetic activity may mediate 
myocardial ischaemia, arrhythmias and Takotsubo cardiomyopathy. Possible mechanisms for some of these conditions 
are discussed using MSNA data from humans in response to pain and mental stress. The Christchurch sheep model 
demonstrated an early increase in CSNA following myocardial infarction in those animals that subsequently developed 
fatal ventricular tachyarrhythmias. However prophylactic beta-blocker treatment during early myocardial infarction in 
humans has been disappointing. In sheep, CSNA increased following beta-blocker infusion irrespective of lipid 
solubility. We found no central sympatholytic effect for metoprolol or cavedilol over the 2-hour monitoring period post-
infusion. We are currently investigating agents with central sympatholytic effects. The human fainting model has been 
used to look at the relationship between MSNA, and cardiac output during postural and phobic stress. Recent studies 
have demonstrated the importance of a fall in cardiac output during early presyncope, whereas sympathetic withdrawal 
and vasodilatation may occur later. Mechanisms may vary between individuals. Vagal effects on the heart occur last of 
all, but in some individuals may be profound, causing temporary impairment of contractility. 
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Symposium 5: Respiratory and cardiovascular – diagnostics and therapeutics 
 

 
S5.1 MEANS OF ENHANCING COUGH CLEARANCE 

Cahit Evrensel 
Mechanical Engineering, University of Nevada, Reno, USA 
 
The viscoelastic respiratory mucus lining the epithelia of conducting airways is the main defense mechanism against 
inhaled foreign particles. It protects the lungs by trapping these particles and preventing them from reaching the distal 
airways.  It floats above a layer of watery serous fluid. The combined depth of the two layers is normally about 5-100µ 
while the diameter of the pulmonary airway changes from 0.60mm to about 16mm.   Slowly traveling mucus, less than 
2 mm/min, propelled by the beating action of cilia is the main mechanism clearing foreign substances from the 
pulmonary airways. When this primary clearance mechanism fails due to increased mucus production, elasticity, 
viscosity, cough becomes the dominant backup mechanism for transportation of mucus. Although it is an essential 
mechanism for survival it is also an important factor in spread of infectious diseases. Different physical methods have 
been developed to help manage mucus hypersecretion and enhance the efficiency of the cough clearance in patients 
with respiratory muscle weakness and/or expiratory air flow obstruction.  Some of these methods include asymmetric 
high frequency oscillation, autogenic drainage, intratracheal pulmonary ventilation, Positive Expiratory Pressure (PEP) 
therapy, Chest Physiotherapy (CPT) with induced flow or chest wall oscillations. These techniques and devices are 
often used in combination with aerosol delivery of bronchodilator and mucokinetic medications. Designing new 
therapies and enhancing the efficiency of existing ones require better understanding the air-mucus interaction during 
cough under different physiological conditions.  Recent studies using a rigid tracheal model and simulated mucus have 
shown that combined effects of surface adhesiveness and increased inclination of the model with respect to horizontal 
can enhance the cough clearance considerably.  These laboratory studies also have indicated that cough efficiency 
maybe enhanced significantly with superimposed flow oscillations.  Also, it has been shown that the gel like cohesive 
mucus found in patients with lung disease may clear better compared to watery “normal” mucus. These results seem to 
challenge the generally accepted practice and common clinical wisdom suggesting that thick “sick” mucus must be 
thinned to make it “normal” in order to improve cough efficiency. 
 

 
S5.2 PHYSICAL THERAPIES AND BACTERIAL BIOFILMS 

Jim Bartley 
Department of Surgery, University of Auckland 
 
Bacteria are now recognised as existing in two forms – free floating (planktonic) or in sophisticated communities called 
biofilms.  Bacteria within biofilms are difficult to culture and highly refractory to antibiotic treatment.  Biofilms could 
explain some of the paradoxes associated with chronic respiratory tract disease.  Many patients are refractory to 
antibiotic therapy, bacteriology culture swabs frequently do not grow bacteria and positive bacteriology swabs often do 
not correlate with clinical findings.  As antibiotics are largely ineffective in the treatment of bacterial biofilms, 
alternative therapeutic strategies including blocking molecular communication (quorum sensing) between bacteria, 
inhibiting biofilm matrix production and interventions that damage bacterial membranes are being explored as treatment 
options.  So far these approaches have been largely unproductive. While physical therapies such as short wave 
diathermy and therapeutic ultrasound have been advocated as treatments for rhinosinusitis for many years, critical 
evaluation of these therapeutic interventions is virtually non-existent.  In the laboratory setting ultrasound enhances the 
killing of bacteria in biofilms both “in vitro” and in animal models.  The successful application of ultrasound to sinus 
disease could mean the development of a new paradigm in our treatment of chronic rhinosinusitis, a reduction in 
antibiotic resistance and improved medical management with a subsequent reduction in surgical intervention.   
 

 
S5.3 REDISCOVERING THE PULSE WAVE AFTER 100 YEARS 

Andrew Lowe 
Centre for Cardiovascular Diagnostics, Institute of Biomedical Engineering, AUT University and Pulsecor Ltd 
 
Prior to the introduction of the blood pressure cuff in around 1900, the physical exam included the art of careful 
palpation of the radial artery to help gauge cardiac function.  Since then, that art has all but been lost.  Today there is a 
revival in measuring and interpreting the non-invasive pulse waveform.  We examine the physics and engineering that 
is being applied to decode the pulse waveform to measure arterial stiffness, wave reflection, cardiac performance and 
blood flow. 
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S5.4 MODERN VENTILATION TECHNIQUES IN ICU: MINIMIZING CELLULAR DYSFUNCTION 
Jamie Sleigh  
Departments of Anaesthesia and Intensive Care, Waikato Clinical School, University of Auckland, Hamilton.  
 
The last 15 years has seen a revolution in the management of artificial ventilation in the intensive care unit.  The 
previous therapeutic goals – of normalizing arterial oxygen and carbon dioxide levels – have been modified by the 
realization of the long term adverse effects of positive pressure ventilation on the cellular machinery of the lungs.  
Accordingly there is now an emphasis on using ventilatory strategies that attempt to maintain the mechanical and 
immune pulmonary functions; and also the increased use of spontaneous ventilation modes where possible.  In this talk 
I will describe some of the modes of ventilation that are used clinically; and relate their use to minimization of harm at a 
cellular level. 
 

 
Symposium 6: Growth and development 
 

 
S6.1 HUMAN GROWTH HORMONE AND BREAST CANCER 

Jo K Perry  
Liggins Institute, University of Auckland, Auckland, New Zealand 
 
Despite recent advances in breast cancer treatment regimes, the development of resistance to conventional breast cancer 
therapies is still a significant clinical challenge. Expression of growth factors by tumour cells has been proposed as one 
mechanism for developing resistance to radiotherapy and chemotherapeutic agents. In addition to its endocrine role, 
human growth hormone (hGH) also functions as a local growth factor in a number of tissues, including the mammary 
gland and endometrium. Accumulating literature also implicates the GH/IGF-1 axis in cancer, and autocrine or 
paracrine hGH appears to possess an important role in human mammary carcinoma neoplastic progression. Autocrine 
hGH is a wild-type orthotopically expressed oncogene for the human mammary epithelial cell capable of promoting 
mammary carcinoma cell proliferation, survival, migration/invasion and epithelial to mesenchymal transition and 
promoting tumour formation in a xenograft model.  In addition, autocrine hGH increases expression of VEGF-A in 
microvascular endothelial cells and enhances tumour vascularisation. Our recent studies have demonstrated that 
autocrine hGH reduces mammary and endometrial carcinoma cell sensitivity to ionizing radiation as well as various 
chemotherapeutic agents. Autocrine hGH provides protection from ionising radiation (IR) mediated DNA double 
stranded breaks (DSBs) and enhances repair of IR-mediated DSBs in mammary and endometrial carcinoma cells. In 
addition, autocrine hGH increases carcinoma cell viability and clonogenic survival after exposure to ionising radiation 
(IR). 
 

 
S6.2 GENETIC AND EPIGENTETIC CAUSES OF DIABETES 
Rinki Murphy 
Department of Medicine, University of Auckland 
 
The genetic etiology of diabetes is being uncovered by examining the coding sequence of DNA in many ways.  The 
genes responsible for MODY were identified using linkage analysis in the large, multi-generation pedigrees collected 
with early age of onset of diabetes in these family members.  In contrast, common variants in the DNA sequence from 
many thousands of people with type 2 diabetes have been compared with the frequency of common variants in 
thousands of people without type 2 diabetes, previously using a “best-guess” candidate gene approach, and then 
recently a “hypothesis-free” genome wide association scanning approach to reveal a bumper harvest of common 
variants with small individual odds ratios. Epigenetic refers to the modification of genetic information that is 
transmitted without altering the coding sequence of genomic DNA, such as by DNA methylation, histone tail 
modification and mitochondrial DNA.  There are very few known epigenetic causes of diabetes, with the main types 
being maternally inherited diabetes and deafness (caused by a mitochondrial DNA point mutation) and transient 
neonatal diabetes.  The epigenetic cause of transient neonatal diabetes was first identified due to a chromosomal 
abnormality, leading to the discovery of an imprinting locus abnormality using a candidate gene approach.  We 
described a novel epigenetic cause of diabetes occurring in a young woman with a balanced chromosomal translocation, 
using a candidate gene approach.  We have now investigated the role of this imprinted locus in determining birth weight 
and insulin sensitivity.  Epigenetic molecular mechanisms underlying the interaction between the early uterine 
environment and type 2 diabetes risk are currently being explored using the candidate imprinted gene approach.  With 
further technology advances, the hypothesis-free epigenome wide association scanning approach may be used to 
uncover novel epigenetic molecular mechanisms resulting in diabetes, and help bridge the gap between the observed 
heritability of type 2 diabetes and the currently known genes. 
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S6.3 COUNTER-REGULATORY HORMONE RESPONSE TO INSULIN TOLERANCE TESTING IN THE 

LCT/DIA-06 STUDY: A PHASE I/IIA OPEN-LABEL INVESTIGATION OF THE SAFETY AND 

EFFECTIVENESS OF DIABECELL® [IMMUNOPROTECTED (ALGINATE-ENCAPSULATED) PORCINE 

ISLETS FOR XENOTRANSPLANTATION] IN PATIENTS WITH TYPE 1 DIABETES MELLITUS 

Renate Koops, John Baker  
Middlemore Hospital, Auckland 

 
Patients with long-standing type 1 diabetes and a history of recurrent hypoglycaemia frequently become hypo unaware 
and lose the normal physiological response to hypoglycaemia. Insulin tolerance tests (ITT) were performed at all 
participants in the LCT/DIA-06 study pre- and post-transplantation to determine their counter-regulatory hormone 
response to significant hypoglycaemia and to evaluate possible restoration of this response after the transplant. A week 
before the transplantation of porcine islet cells and 6 months after the transplant, participants underwent an ITT to 
measure counter-regulatory hormones. The test took place in a safe environment with experienced endocrinology staff 
attending. Participants were given 0.15 U/kg Novorapid iv, blood glucose levels were measured every 15 minutes, 
blood samples for adrenalin, glucagon, ACTH, cortisol and glucose were taken every 30 minutes and symptoms were 
recorded. Target blood glucose level was <2.3 mmol/l on the HemoCue, a device specifically designed to accurately 
measure low blood glucose levels. Participants with longstanding type 1 diabetes and hypo-unawareness showed 
impaired counter-regulatory hormone response to ITT with absent glucagon response, attenuated adrenergic response 
and attenuated cortisol/ACTH response. After porcine islet transplant some restoration in counter regulatory hormone 
levels and hypo glycaemia symptoms were found. Individual results will be presented at the meeting. Patients with 
longstanding type 1 diabetes and hypo-unawareness showed impaired normal physiological response to hypoglycaemia 
and some restoration after porcine islet transplantation. 
 

 
S6.4 EARLY DEVELOPMENTAL ISSUES AND THE HEALTH OF CLONED ANIMALS 

Mark P Green1,2, MC Berg1, RSF Lee1 
1Animal BioSciences Section, AgResearch Ltd, Hamilton. 2The Liggins Institute, University of Auckland, Auckland.  
 
Exposure of the foetus to adverse in utero conditions, via environmental insults to the mother, has been shown in many 
experimental models to affect the long term health of the offspring. It has been observed that cloned calves generated by 
somatic nuclear transfer (NT) show greater rates of neonatal mortality and morbidity than matched naturally conceived 
offspring, even in the absence of maternal exposure to adverse conditions during pregnancy. It is estimated that just 
10% of NT embryos result in a live calf and only 67% of these survive to weaning at three months of age. Those that 
survive beyond weaning appear normal but underlying health problems may not be revealed until the animals are 
stressed, physiologically challenged or at post-mortem examination. Thus, postnatal survival of NT offspring even into 
adult life is lowered. In this study, physiological and metabolic challenges were devised to investigate homeostatic 
mechanisms in four cloned cohorts (both male and female) and matched contemporary calves. Specifically, the function 
of the kidneys, hypothalamic-pituitary adrenal (HPA) axis, pancreas and the thyroid glands were assessed. Comparisons 
of haematologies and biochemistries, as well as the gross anatomy of organs and long bones at post-mortem were also 
undertaken. Even in apparently healthy NT animals, deviations were detected in haematological and biochemical 
profiles, as well as in thyroid and HPA axis responses when compared with control animals. Anatomical differences and 
increased long bone density were also evident in NT animals. In summary, these results demonstrate that in utero 
perturbations of embryo or placental development and function, or a combination of both, as a direct or indirect result of 
the cloning process per se, can have long term consequences on offspring health and their ability to cope with external 
stressors.  
Supported by FRST contract C10X0311 and the NRCGD.    
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ORAL PRESENTATION ABSTRACTS 
 

 
Session 1A: 
 

 
1A.1 IDENTIFICATION OF A GSH EFFLUX PATHWAY IN THE RAT LENS EPITHELIUM 

In-Hae Park, Ivy Li, Paul J. Donaldson1, Julie C Lim,  

Molecular Vision Laboratory, Department of Optometry and Vision Science1, University of Auckland 
 
The transparency of the ocular lens is vital for clear vision. Critical to maintaining lens transparency is the antioxidant 
in the eye, glutathione (GSH). GSH scavenges reactive oxygen species from harmful solar UV-B rays keeping lens 
proteins in a reduced (clear) state. GSH levels in the lens are maintained by a combination of GSH synthesis from 
precursor amino acids, regeneration from GSSG (oxidised GSH), GSH uptake from the aqueous humor and GSH efflux. 
While our laboratory had identified transporters involved in the uptake of GSH1 and its precursor amino acids2,3, the 
molecular mechanisms involved in GSH efflux remain unknown.  Our efforts to determine the molecular identity of 
GSH efflux pathways have focused on candidate GSH efflux transporters recently identified in the kidney4 and brain5.  
In these tissues, members of the family of multidrug resistance proteins (Mrp) and the organic anion transporter 
(OATP1) have been found to be responsible for the export of GSH, GSSG and glutathione S-conjugates. In this study, 
we show that three out of the six putative GSH export transporters (Mrp1, Mrp4 and Mrp5) are expressed at the 
transcript level in the rat lens. However, localization studies involving a combination of immuohistochemistry and 
Western blotting reveal that of these three forms only Mrp1 is localized to the lens epithelium.  In the presence of the 
competitive Mrp1 inhibitor MK571, the release of GSH was reduced indicating that Mrp1 is predominantly responsible 
for the observed GSH export from the lens.    
Grants: Auckland Medical Research Foundation, the University of Auckland Faculty Development Project Grant and a 

FORST Post Doctoral Fellowship to JCL 

References: (1) Li B et al Exp Eye Res 2010;90:300; (2) Lim J et al Invest Ophthalmol Vis Sci 2005;46:2869; (3) Lim J 

et al Invest Ophthalmol Vis Sci 2007;48:5142; (4) Lash LH Toxicol Appl Pharmacol 2005;204:329; (5) Dringen RHJ 

Meth in Enzymology 2005;400:395 
 

 
1A.2 A MODEL FOR TESTING ANTI-CATARACT THERAPIES: DEVELOPING A HYPERBARIC 

OXYGEN SYSTEM TO MIMIC NUCLEAR CATARACT IN VITRO  

Ankita Umapathy, Ivy Li, Angus Grey, Paul J Donaldson, Julie C Lim  

Molecular Vision Laboratory, Department of Optometry and Vision Science, University of Auckland 
 
Age-related nuclear cataract (ARN) accounts for nearly half of all forms of vision loss in the world1. This form of the 
disease is associated with protein modifications caused by oxidative damage to the lens2. Younger lenses are able to 
minimise this damage due to the abundance of antioxidants such as glutathione (GSH). With increasing age, however, 
there is significant depletion of antioxidants in the lens centre, rendering proteins in this region especially susceptible to 
oxidative stress. In an effort to understand the molecular pathways in which antioxidants are delivered and accumulated 
by the lens, research from the Molecular Vision Lab has focussed on identifying endogenous antioxidant transporters in 
the rat lens. Previous work has identified a cystine/glutamate exchanger (Xc-), which is responsible for the 
accumulation of the low molecular mass antioxidant cyst(e)ine  in the lens centre3. It therefore follows that increasing 
cyst(e)ine delivery to the centre may enhance antioxidant levels in this region, thereby protecting against oxidative 
damage and cataracts. To test the ability of various cyst(e)ine formulations to protect against cataract, a suitable model 
of nuclear cataract is first required. Hyperbaric oxygen (HBO) has been well recognised as a true model of human 
nuclear cataract due to the characteristic depletion of GSH observed specifically in the lens centre2. The present study 
involved developing a HBO system to mimic nuclear cataracts in rodent lenses.  Biochemical assays were used to assess 
the effects of HBO on GSH levels and the extent of oxidative damage using markers of lipid peroxidation and levels of 
antioxidant enzymes. Having established this HBO system, future studies will involve use of this model to determine 
whether cyst(e)ine supplementation is an effective antioxidant strategy for slowing down or preventing cataracts. 
Grants: Auckland Medical Research Foundation; University of Auckland Faculty Development Research Grant and 

FoRST Post Doctoral Fellowship to JCL 

References: (1) Lansingh VC et al Ophthalmology 2007;114:1670; (2) Giblin FJ et al Investigative Ophthalmol Visual 

Sci 1988;29:1312; (3) Lim J et al Investigative Ophthalmology Visual Sci 2005;46:2869. 
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1A.3 INTERACTIONS BETWEEN HEART RATE VARIABILITY AND PULMONARY GAS EXCHANGE 

EFFICIENCY IN HUMANS 

Peter YW Sin1, Matthew R Webber2, Duncan C Galletly1, Philip N Ainslie3, Stephen J Brown4, Chris K Willie3, 
Alexander Sasse2, Peter D Larsen1, Yu-Chieh Tzeng1 
1Physiological Rhythms Unit, Department of Surgery & Anaesthesia, University of Otago, Wellington. 2Department of 
Cardiology, Wellington Hospital, Wellington. 3Department of Human Kinetics, Faculty of Health and Social 
Development, University of British Columbia Okanagan, Kelowna, British Columbia, Canada. 4Institute of Food, 
Nutrition & Human Health, Massey University, Auckland 
 
The respiratory component of heart rate variability (respiratory sinus arrhythmia, RSA) has been associated with 
improved pulmonary gas exchange efficiency in humans via the apparent clustering and scattering of heartbeats in time 
with the inspiratory and expiratory phases of alveolar ventilation (Giardino et al., 2003). However, as human RSA 
causes only marginal redistribution of heartbeats to inspiration, we tested the hypothesis that any association between 
RSA amplitude and pulmonary gas exchange efficiency may be indirect (Tzeng et al., 2009). In 11 patients with fixed 
rate cardiac pacemakers and 10 healthy controls, we recorded R-R intervals, respiratory flow, end-tidal gas tension, and 

the ventilatory equivalents for carbon dioxide ( Ý V E/ Ý V CO2 ) and oxygen ( Ý V E/ Ý V O 2 ) during ‘fast’ (0.25Hz) and ‘slow’ 

(0.10Hz) paced breathing. Mean heart rate, mean arterial blood pressure, tidal volume, end-tidal CO2, Ý V E/ Ý V CO2 and 
Ý V E/ Ý V O 2 were similar between pacemaker and control groups under both the fast and slow breathing conditions. 

Although pacemaker patients had no RSA and slow breathing was associated with a 2.5 fold RSA amplitude increase in 

controls (39±21 ms vs. 97±45 ms, P < 0.001), comparable Ý V E/ Ý V CO2  (F (1,19) = 76.54, P < 0.001) and Ý V E/ Ý V O 2  (F 
(1,19) = 23.90, P < 0.001) reductions were observed for both cohorts during slow breathing. In addition, the degree of 
Ý V E/ Ý V CO2  (r = -0.36, P = 0.32) and Ý V E/ Ý V O 2  (r = -0.29, P = 0.43) reductions from fast to slow breathing were not 

correlated to the degree of associated RSA amplitude enhancements in control subjects. These findings suggest that the 
association between RSA amplitude and pulmonary gas exchange efficiency during variable frequency paced breathing 
observed in prior human work is not contingent on RSA being present. Therefore, whether RSA serves an intrinsic 
physiological function in optimising pulmonary gas exchange efficiency in humans requires further experimental 
validation.  
References: Giardino ND et a. Am J Physiol 284:H1585,2003; Tzeng YC et al Am J Physiol 296:H65,2009 
 

 
1A.4 COMPUTATIONAL FLUID DYNAMICS FOR NONAXISYMMETRIC ATHEROSCLEROSIS AND 

ANEURYSM DIAGNOSTICS 

Al-Rawi MA1, Al-Jumaily AM1, Lowe A2. 
¹Institute of Biomedical Technologies, Auckland University of Technology, Auckland. 2Pulsecor Limited, Auckland. 
 
Early stage detection of cardiovascular diseases can reduce complication and improve patient’s life expectancy for 
patients. The main aim of this work is to investigate the effect of different disease conditions on the pressure and flow 
in the aorta and brachial artery. These conditions include an aorta with healthy conditions, atherosclerosis and 
aneurysm. A 3D, pulsatile flow model for elastic aorta wall properties is developed and constructed in ANSYS®. 
Dimensions of the cardiovascular diseases models were selected to be consistent with high risk. These diseases are 
compared using two assumptions: axisymmetric and nonaxisymmetric geometry. In particular, the computational 
geometry model assumption using fluid structure interaction method shows how the shape of these diseases affects the 
blood pressure waveform and the artery wall displacement. The nonaxisymmetric model assumption has several 
advantages over previously published axisymmetric model because the severity and geometry of the artery wall have 
significant influence on the shape of the pressure and velocity waveforms which may be used to detect diseases from 
different sites in the cardiovascular system. 
 

 
1A.5 CHARACTERISATION OF THE SLOW FORCE RESPONSE TO STRETCH 

IN RAT CARDIAC TRABECULAE 

Xin Shen, Mark B Cannell, Marie-Louise Ward 
Dept of Physiology, Faculty of Medical & Health Sciences, University of Auckland, New Zealand. 
 
Stretching cardiac muscle gives rise to a biphasic force response. Firstly there is an immediate increase in the force of 
contraction that coincides with the stretch (the “rapid” response) which is well known as the “Starling effect”. This is 
attributed to increased myofilament Ca2+ sensitivity and/or myofilament overlap, and occurs independent of any 
changes in intracellular calcium ([Ca2+]i). The rapid response is then followed by a slower rise in force over a period of 
several minutes (the slow force response, or SFR), which is accompanied by a gradual increase in the amplitude of the 
Ca2+ transient. A number of mechanisms have been proposed to explain the rise in [Ca2+]i during the SFR. These 
include the opening of stretch-activated cation channels, and/or the activation of sodium-hydrogen exchanger, both of 
which lead to [Na+]i accumulation and a subsequent increase in [Ca2+]i via the sodium-calcium exchanger. However, the 
mechanisms underlying the SFR remain controversial. The aim of this study was to determine whether mechanical 
feedback in response to the rapid, stretch-induced, increase in force might contribute to the increase in [Ca2+]i during the 
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SFR. We hypothesised that if force production could be prevented, then changes in [Ca2+]i should also be eliminated on 
stretching the muscle. Right ventricular trabeculae (cross-sectional area 0.18 ± 0.01 mm2) dissected from rat hearts were 
mounted between a force transducer and a snare fixed to a micromanipulator and stimulated to contract. Trabeculae 
were subsequently loaded with fura-2/AM as a measure of [Ca2+]i and subjected to step changes in muscle length from 
88% to 100% of maximal developed force (Lmax). The SFR was quantified by expressing the increase in amplitude of 
the force 3 minutes following stretch as a percentage of the rapid response. Similarly, changes in [Ca2+]i during stretch 
were also expressed as a percentage. Results yielded increases during SFR of 28.91 ± 2.88% in peak force, and 
8.71 ± 1.37% for [Ca2+]i (n = 9 trabeculae). To test our hypothesis, trabeculae were then exposed to either 20 mM 2,3-
butanedione monoxime (BDM), or 20 µM blebbistatin to eliminate cross-bridge cycling and force production without 
affecting [Ca2+]i handling. BDM treatment reduced peak [Ca2+]i during the SFR from 8.34 ± 0.97% to 2.95 ± 1.20%, 
(P < 0.05, n = 5). Similarly, blebbistatin reduced peak [Ca2+]i during the SFR from 9.80 ± 2.62% to 0.63 ± 1.07%, 
(P < 0.05, n = 4). These findings suggest that force itself may be a critical component in the development of the SFR 
following stretch in cardiac muscle.  
 

 
1A.6 GNRH NEURONS PROJECT DENDRITES INTO THE OVLT 

MK Herde, K Geist, BI Hyland, RE Campbell, AE Herbison 
Department of Physiology, Centre for Neuroendocrinology, University of Otago. 
 
Gonadotropin-releasing hormone (GnRH) neurons project axons to the median eminence to control pituitary release of 
gonadotropins. Although it has long been known that GnRH neurons have a very simple unipolar or bipolar dendritic 
morphology, recent studies have demonstrated that these dendrites are very long and often extend for over 1000 µm. 
Using GnRH-GFP transgenic mice we have been employing juxtacellular cell filling approaches to examine further the 
dendritic trajectories of GnRH neurons in the acute brain slice preparation. Intriguingly, a population of GnRH neurons 
has been identified that send a dendrite into the organum vasculosum of the lamina terminalis (OVLT), where the 
dendrite then branches multiple times. The dendritic nature of these processes has been confirmed by electron 
microscope ultrastructural analyses that show numerous GnRH-labeled dendritic structures in the OVLT. In addition, 
electrophysiological recordings show that these dendrites respond to glutamate. These findings demonstrate that GnRH 
neurons send their dendrites into the OVLT and suggest that a sub-population of these cells might be effectively 
residing outside the blood-brain-barrier. 
 

 
Session 1B: 
 

 
1B.1 RAPID ESTROGEN ACTIONS ON MULTIPLE SIGNALLING PATHWAYS IN GONADOTROPIN-

RELEASING HORMONE NEURONS   

RY Cheong, A Kwakowsky, AE Herbison, IM Ábrahám.  
Centre for Neuroendocrinology and Department of Physiology, Otago School of Medical Sciences, University of Otago, 
Dunedin, New Zealand.  
 
Reproductive competence is influenced by the actions of estrogen upon gonadotropin-releasing hormone (GnRH) 
neurons. We have previously shown that estrogen rapidly induces cAMP response element binding protein (CREB) 
phosphorylation in vivo. Our work now focuses on the upstream effectors of rapid estradiol action in GnRH neurons, 
particularly the extracellular signal-regulated kinase (ERK1/2). Using dual-label immunohistochemistry, we find that 
treatment of ovariectomized adult female mice with 17β-estradiol (E2) evokes an increase in ERK1/2 phosphorylation 
within 15 min (p < 0.05) in GnRH neurons. The E2-induced increase in both ERK1/2 and CREB phosphorylation in 
GnRH neurons was abolished in GnRH neuron-specific estrogen receptor β (ERβ) knockout mice. To further examine 
the intracellular pathways involved, an in vitro slice preparation was implemented. Specific blockers of the 
Ca2+/calmodulin-dependent protein kinase II (CaMKII), protein kinase A (PKA) and ERK1/2 signalling pathways were 
all found to abolish the ability of 100nM to activate CREB phosphorylation. Finally, we show that pERK1/2 expression 
within GnRH neurons of diestrous female mice was equivalent to those of E2-treated ovariectomized mice and this 
response persists even with a lower 100pM E2 dose in vitro. Overall, our findings suggest that E2 rapidly 
phosphorylates CREB through a pathway involving ERβ, CaMKII, PKA and ERK1/2 and that these actions remain 
present under physiological conditions. 
Supported by: Marsden Fund and the Department of Physiology, University of Otago. 
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1B.2 CHARACTERISATION OF KISSPEPTIN AND RFAMIDE-RELATED PEPTIDE-3 (RFRP-3) 

NEURONS IN THE BRUSHTAIL POSSUM BRAIN 

Anan Harbid, Greg Anderson1.  
1Centre of Neuroendocrinology, University of Otago School of Medical Sciences, Dunedin.  
 
Kisspeptin and RFRP-3 neurons potently stimulate and inhibit reproduction respectively. In birds but not rodents, 
RFRP-3 neurons project outside the blood-brain barrier to act on the pituitary gland directly. There are no data available 
on marsupials, which have followed a divergent evolutionary path from placental mammals. The objectives of this 
study were to characterise the neurons which produce kisspeptin and RFRP-3 neuropeptides in the brushtail possum 
brain and to determine if these neurons project outside the brain. Adult luteal phase female possums were perfused with 
4% paraformaldehyde prior to brain collection during the breeding season (June). Numbers and locality of kisspeptin, 
RFRP-3 and GnRH neurons were assessed using immunohistochemistry and will be compared to data that will be 
collected during the non-breeding season (December). Kisspeptin-immunopositive neurons were only seen in the 
posterior arcuate nucleus, and RFRP-3-immunopositive neurons were scattered throughout the dorsomedial 
hypothalamus. GnRH cell bodies were not seen, although widespread fibre immunoreactivity was seen for all three 
neuropeptides. In the external zone of the median eminence (the neurosecretory zone), strong GnRH fibre and nerve 
terminal staining was seen as well as a small number of RFRP-3 fibres. The presence of RFRP-3 fibres in the 
neurosecretory zone of the median eminence may be indicative of a direct inhibitory effect of RFRP-3 on pituitary 
gonadotrophin release, or on GnRH release from nerve terminals in this region.  Further studies are required to confirm 
these possibilities.     
 

 
1B.3 ARCUATE NUCLEUS KISSPEPTIN NEURONAL PROJECTIONS UNVEILED WITH 

NEUROANATOMICAL TRACING   
Yeo SH, Herbison AE 
Centre for Neuroendocrinology and Department of Physiology, Otago School of Medical Sciences, University of Otago, 
Dunedin, New Zealand. 
 
Kisspeptin neurons are the key modulators of the hypothalamic-pituitary-gonadal axis. They exist as two major 
populations in rodent brain namely the rostral periventricular area of the third ventricle (RP3V) and arcuate nucleus 
(ARN). The present study sought to investigate the projections of ARN kisspeptin neurons using anterograde and 
retrograde neuroanatomical tracing. First, the anterograde tracer phaseolus vulgaris leucoagglutinin was injected 
iontophoretically into the ARN of adult female mice. Second, the retrograde tracer FluoroGold was injected 
intraperitoneally or stereotaxically into the rostral preoptic area (rPOA). Double-label immunofluorescence was 
performed to identify anterogradely labelled kisspeptin-immunoreactive (IR) fibres and retrogradely labelled kisspeptin-
IR cells. Our anterograde tracing evidence indicates that ARN kisspeptin neurons project widely throughout the limbic 
forebrain including the paraventricular nucleus, lateral and posterior hypothalamus, periventricular preoptic and median 
preoptic nuclei and the rPOA where the GnRH somata reside. We found no evidence of ARN kisspeptin neurons 
projecting to the fenestrated capillaries in regions outside the blood brain barrier. Interestingly, one third of the RP3V 
kisspeptin neurons project to the ARN and contribute to its dense kisspeptin fibre innervations. Our findings 
demonstrate that the ARN kisspeptin population projects to many brain areas including multiple neuroendocrine centres 
within the hypothalamus. Hence, the ARN kisspeptin neurons may be involved in integrating multiple neuroendocrine 
axes.    
 

 
1B.4 IS THE TIMING OF PUBERTY THE RESULT OF EPIGENETIC CHANGE? 

Jean Viljoen, Christine Jasoni 
Centre for Neuroendocrinology, University of Otago 
 
Puberty is the transitional period between childhood and adulthood in which reproductive capacity is obtained. One 
primary mechanism by which this is thought to occur is via Kisspeptin (Kiss)-mediated activation of GnRH neurons, 
which is likely to occur through transcriptional activation of the Kiss gene and/or its receptor GPR54. The mechanisms 
responsible for this timed onset of gene expression are unknown, but epigenetic regulation may be involved. Recent 
studies have shown that maternal nutritional status during pregnancy alters the timing of puberty in offspring. This 
temporal difference between exposure to the aberrant maternal environment and the realisation of the offspring 
phenotype, suggests that puberty timing is under the influence of the environment. Epigenetic regulation of gene 
expression is surfacing as a key player in the effect of the environment on gene expression. Together these data suggest 
the hypothesis that puberty is regulated by epigenetic changes to Kiss and GPR54 genes, and further that environments 
that change puberty timing alter this epigenetic regulation. This project aimed to investigate the underlying epigenetic 
changes (specifically, DNA-methylation) that attribute to the onset of puberty. Experiments used female Sprague-

Dawley rat brain tissue collected at prepubertal (P33), peripubertal (P45) and postpubertal (P75) ages. Genomic-DNA 
(gDNA) was extracted from the microdissected hypothalamic regions, anteroventral periventricular nucleus (AVPV) 
and preoptic area (POA), where Kiss and GnRH reside, respectively. Extracted gDNA was subjected to bisulfite 
conversion, a technique that maintains methylated cytosine nucleotides, and, thereafter amplified using methylation-
specific PCR. Primers were designed to amplify the 1kb proximal promoter regions of the Kisspeptin-1 and GPR54 
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genes. PCR products were cloned and sequenced to reveal methylation differences among the groups, and thereby 
across puberty. We have observed distinct promoter methylation patterns across animals and groups for both genes 
examined, and will present results that suggest how promoter methylation is involved in the expression of key puberty 
and fertility regulating genes. 
 

 
1B.5 CHANGES IN RFAMIDE-RELATED PEPTIDE-3 (RFRP-3) GENE EXPRESSION DURING 

LACTATION 
Mohammed Rizwan, Jessica Crampton, Dave Grattan, Greg Anderson 

Centre for Neuroendocrinolgy, University of Otago School of Medical Sciences, Dunedin.  
 
A hypothalamic RFamide neuropeptide that directly inhibits GnRH neuronal activity was recently discovered in birds 
and mammals. In our previous study, we showed that the mammalian ortholog, RFRP-3, is located in neurons scattered 
within the dorsomedial hypothalamus (DMH) of rats which project throughout the brain, but not to the neurosecretory 
zone of the median eminence (Rizwan et al 2009, Endocrinology 150: 1413-20). A study analysing lactation effects on 
RFRP expression has not been done, although RFRP expression has been shown to be increased in another state of 
infertility, the anoestrous sheep (Smith et al, 2008). We hypothesized that RFRP gene expression would be up-regulated 
in lactating animals in response to high levels of circulating prolactin. Lactating (day 10) rats were given either 
bromocriptine (0.6 mg/kg sc) to suppress prolactin secretion or vehicle (sesame oil) every 12 hours (5 doses) and 
compared with age-matched diestrous rats (n=8-9). We also included lactating rats (day 10) with the pups removed for 6 
h to examine the role of suckling (circulating prolactin levels were maintained at normal levels with ovine prolactin (4 
mg/kg sc). The DMH was micropunched for RFRP mRNA analysis by quantitative RT-PCR. In contrast to our 
hypothesis, RFRP gene expression was significantly down-regulated in the DMH of vehicle-treated and non-suckled 
lactating rats compared to diestrous rats (p<0.05). No difference in RFRP mRNA levels was observed in rats where 
prolactin secretion was suppressed with bromocriptine compared to diestrous rats. These findings suggest a role of 
prolactin in suppressing RFRP levels during lactation. 
 

 
1B.6 INHIBITION OF CARBOHYDRATE ABSORPTION BY PLANT FLAVONOIDS 

Ingram JR,  Lo KR, Loh JMS. 
Food Innovation, The New Zealand Institute for Plant & Food Research Limited, Auckland 
 
Control of energy intake and expenditure is of primary importance in maintaining good health and managing body 
weight to reduce risk factors around metabolic disorder and its consequences, such as obesity and type-2 diabetes.  
There is increasing evidence that various plant polyphenols may inhibit the digestion and absorption of carbohydrates 
from the gastrointestinal tract, attenuating the postprandial glycaemic response and modulating satiety. The aim of this 
study was to evaluate the ability of flavonoids, a group of polyphenolic compounds commonly found in fruits and 
vegetables, to inhibit the transport of glucose (25 mM) across an in vitro model of the gut epithelium.  Human gut 
epithelial cells (Caco-2 ) were grown on a semi-permeable membrane to form a differentiated monolayer with similar 
properties to the gut epithelium.  A range of flavonoids were found to significantly inhibit glucose transport from the 
apical to basolateral compartments compared with a solvent control.  Of these, quercetin (IC50 = 10 µM) and luteolin 
(IC50 = 12.2 µM) were the most effective.  Examination of the relationship between the chemical structure of the 
flavonoids and functional activity highlighted the importance of the OH groups on C3′ and C4′ of the B ring and the 
double bond between C2 and C3 in the C ring, which constrains the planar orientation of the molecule. With knowledge 
of these structure function relationships, we can begin to predict the ability of structurally related compounds to inhibit 
glucose absorption in the gut.  
 

 
Session 1C:  
 

 
1C.1 OAT2 IS A URATE TRANSPORTER IN DIFFERENT SPECIES 

Andrew Bahn 
Department of Physiology, School of Medical Sciences, University of Otago, Dunedin.  
 
Urate is a metabolite of the purine metabolism and due to a non-functional hepatic uricase urate levels in humans are 
comparatively high. Active re-absorption of urate in the kidneys maintains this high plasma urate level, which if it is 
elevated has been shown to be a risk factor for cardiovascular diseases, metabolic syndrome or type II diabetes. Several 
urate transporters such as URAT1, OAT4, ABCG2 and GLUT9, which play a crucial role in plasma urate homeostasis, 
have been identified recently. Due to the fact that lower mammals still express a functional uricase, significant 
differences are visible in the expression and functional characteristics of these urate transporters in the different 
species. Organic anion transporter 2 (OAT2) is known to be expressed in the apical (mouse and rat) or basolateral (pig, 
rabbit and human) membranes of the kidneys. In this study we demonstrate that OAT2 is a urate transporter in all 
tested species such as rat, pig and human. Transport of urate by OAT2 was saturable with a Kt value of 75 µM (rat) and 
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an IC50 value of 10 µM (human) consistent with OAT2 operating as a high affinity urate transporter. Specificity of 
OAT2 mediated urate transport was tested by inhibition studies. Salicylate, probenecid and nicotinate significantly 
inhibited [14C]urate uptake, whereas glutarate, succinate or lactate did not alter it at all. Preloading of COS 7 cells with 
glutarate, lactate, or succinate did not stimulate urate uptake, indicating that OAT2 possesses different characteristics 
compared to the known OATs. OAT2 showed substantial pH dependence like OAT4 or OAT10, suggesting an 
exchange mechanism (urate-/OH-) as a possible operating mode. In sum, we provide evidence that OAT2 is a high 
affinity urate exchanger in all tested species with different contributions to urate transport processes in the kidneys.   
 

 
1C.2 PRIMARY CILIA ABNORMALITIES CHARACTERIZE AN OVINE POLYCYSTIC KIDNEY 

DISEASE THAT MAPS TO THE MECKEL SYNDROME GENE, MKS3  

Michael Eccles1, Bron Lett1, Anna Wiles2, Mike Jennings2, Lynn Slobbe1, Anthony Poole2, Cherie Stayner1, Rob 
Walker2 
1Departments of Pathology and 2Medicine, Dunedin School of Medicine, University of Otago, Dunedin, New Zealand. 
 
Dominant and recessive forms of polycystic kidney diseases (PKD) are caused by mutations in genes such as PKD1, 
PKD2, and PKHD1 in humans, and in a large range of loci in mice, including Orpk, Cpk etc, which encode proteins of 
different functions. However, a common feature in PKD is that most or all of these proteins are involved in maintaining 
the structure and/or function of the primary cilia and its associated cellular features. Primary cilia are solitary 
microtubule based cellular extensions that emanate from the surface of nearly every cell in the body. For a number of 
years, the biological function of this organelle was elusive. However, recent studies suggest that it functions as a 
complex physical and chemical extracellular sensor to receive (and possibly send) signals from (to) the cellular 
microenvironment, and transmit these signals to the nucleus. Meckel-Gruber syndrome (MKS) is a rare polygenic 
disease, fatal in neonates, which affects multiple organ systems, and is characterized by polycystic kidneys, 
encephalocoele, hepatic fibrosis polydactyly and other abnormalities. MKS is typically caused by mutations in the 
MKS1 or MKS3 genes. We have identified a flock of Coopworth sheep with characteristic features that are very similar 
to humans and mice with features of Meckel-Gruber syndrome. Using homozygosity mapping and the ovine SNP50 
beadchip, containing approximately 50,000 SNPs, we localized the causative locus to chromosome 9, which contains 
the ovine TMEM67/MKS3 gene. PCR amplification and direct sequencing of the ovine MKS3 coding regions revealed 
two nucleotide variants within exon 20 in affected and carrier sheep. These variants lead to predicted I680N and I686S 
missense amino acid substitutions in the meckelin protein. Sequencing of more than 30 unaffected unrelated sheep did 
not reveal either of these two variants in normal animals, and the variants are predicted to affect highly evolutionarily 
conserved amino acids. Structure-function prediction programmes indicate that both of these amino acid substitutions 
could be deleterious to protein function. Further characterization of the phenotype in affected sheep kidneys revealed 
that primary cilia were much longer than normal in epithelial and fibroblast cells, with the cilia apparently shearing off 
into luminal spaces of the cysts. In addition, the primary cilia and the cytoplasmic spaces of the kidney cells in affected 
sheep were engorged with small vesicles that appeared to harbour immunoreactivity to an anti-meckelin antibody. We 
are carrying out further work to characterize the function and cellular localization of meckelin in the cells from the 
affected sheep. 
 

 
1C.3 LITHIUM TREATED RATS HAVE AN IMPAIRED ABILITY TO ACIDIFY THEIR URINE 

Gerard Davis1, Jennifer Bedford2, John Leader2, Rob Walker2 
1Department of Physiology, 2Department of Medicine, University of Otago, Dunedin. 
 
Lithium is used therapeutically for the treatment of bipolar syndrome.  While being a very effective treatment, there are 
numerous side effects, particularly on kidney function, and in approximately 40 % of cases, there is the development of 
nephrogenic diabetes insipidus, with around 5 % progressing to chronic renal failure requiring dialysis.  Attendant with 
the impaired kidney function, in humans, there is evidence of chronic metabolic acidosis.  The ability of the kidney to 
acidify the urine is limited, and is assisted by buffering with ammonia. Recently it has been shown that ammonia is 
transported into the distal region of the renal tubules by the sodium/ammonium exchangers Rhcg and Rhbg.  Lithium 
affects the expression of many renal transporters and thus it may be hypothesized that rats treated with lithium might 
have an impaired ability to excrete an acid load. Male Wistar rats were fed lithium (60 mmol/Kg dry food) for 6 
months.  At 1, 3 and 6 months each animal was placed in a metabolic cage, and after an overnight urine collection, 4 x 
3-hour urine collections were made between 1000hrs and 2200hrs.  Just prior to the second collection period, each 
animal received an acid load (ammonium chloride, 100 mg/Kg body weight), by gavage. In control rats there was a 
decrease in urine pH from 7.45 ± 0.13 to 6.70  (P<0.05) following gavage.  However, in the 1 and 3 months lithium 
treated rats there was no change in urine pH for more than 9 hours.  At 6 months the lithium treated rats had the same 
baseline urine pH, and the ammonium chloride decreased the urine pH 7.53 to 6.67) (P<0.05).  The absolute ammonia 
excretion in the 1-month lithium-treated rats was lower than that at 3 and 6 months, despite similar urine flow rates.  
This suggests that, at 1 month, there was impaired ammonia secretion. Immunohistochemistry revealed no change in the 
expression of the ammonia transporter, Rhbg, at 6 months, but a down regulation of the Rhcg transporter on both apical 
and basolateral membranes. The data shows that there is impaired and delayed proton excretion in 1 and 3 months 
lithium treated rats, while the response appears normal at 6 months suggesting that there is a significant remodelling of 
the medullary collecting ducts.   
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1C.4 RENAL INJURY CONSEQUENT TO CHRONIC ISCHEMIC HEART FAILURE: A MURINE 

MODEL OF TYPE-2 CARDIO-RENAL SYNDROME  

Joanne C Harrison, Scott DG Smart, Emma H Besely, Ivan A Sammut.  
Department of Pharmacology, University of Otago School of Medical Sciences, Dunedin.  
 
Clinical recognition of cardio-renal syndrome (CRS) has led to the need to characterise renal pathology arising 
secondary to cardiac insufficiency.  Using an inbred rat model of ischaemic heart failure (HF), we have established a 
model of type-2 CRS (HF causative of renal insufficiency). Left ventricular (LV) infarction was induced in male 
Lewis rats (285-300g, n=6-8 per group) by left anterior descending (LAD) coronary artery occlusion and confirmed 
using cardiac troponin I levels. At 3 months post-ischaemic onset, renal clearance was assessed using 24hr urine and 
plasma creatinine and sodium collections taken immediately prior to termination. Kidneys were isolated at sacrifice 
and processed for biochemical and histological analysis. Cardiac haemodynamic function was assessed in isolated 
perfused hearts. At 3 months post-coronary occlusion, animals were found to suffer an extensive LV infarct. All data 
were reported as mean±SEM of sham vs. LAD occlusion groups with analysis conducted using a one tailed, 
unpaired t-test with Welch’s correction. No significant difference in whole body weight was found between the 
sham and occluded groups, however, LV weight was increased following infarction (0.94±0.04 vs. 1.31±0.08 g; 
P<0.001). Haemodynamic indices of LV function (LV developed pressure and diastolic function) were significantly 
compromised as expected. Renal CrCl decreased (1.43±0.07 vs. 0.65±0.04 ml.min-1.100g bd wt-1; P<0.001) and 
FENa increased (0.05±0.006 vs. 0.13±0.015 %; P=0.0011). Increased caspase activity was seen in both renal cortex 
(4353±526.0 vs. 6877±723.3 R.F.U.; P=0.007), and to a greater extent in the medulla of rats with cardiac infarcts 
(5960.5±608.4 vs. 15642.0±1761.9 R.F.U.; P<0.001). Histological examination of the kidney showed evidence of 
glomerulosclerosis with basement membrane thickening, accompanied with raised renal TGF-β2 levels. This is the 
first study to provide conclusive morphological, biochemical and functional evidence of renal damage in a rat model 
of HF representative of type-2 CRS.  
 

 
1C.5 AN INTERFACE FOR INTERACTING WITH MULTISCALE MODELS OF THE NEPHRON 

David Nickerson¹, Jonna Terkildsen¹, Kirk Hamilton², Peter Hunter¹ 
¹Auckland Bioengineering Institute, Auckland, New Zealand 
²Department of Physiology, University of Otago, New Zealand 
 
We present the development of a tool which provides users with the ability to visualise and interact with multiscale 
models of the nephron – from the scale of models of membrane bound proteins, to that of an individual nephron. A 1-D 
finite element model of the nephron has been created and is used for both visualisation and modelling of the tubule 
transport. Mathematical models of nephron segments (for example, Weinstein et al., Am. J. Physiol. 292:F1164-F1181, 
2007 for the proximal tubule) are embedded in the finite element model. At the cellular level these segment models 
utilise models encoded in CellML (www.cellml.org) to describe cellular transport kinetics. A user interface has been 
developed which allows the visualisation and interaction with the multiscale nephron models and simulation results. 
The zinc extension to Firefox (http://www.cmiss.org/cmgui/zinc/) is used to provide an interactive 3-D view of the 
model(s). This model viewer is embedded in a web page which dynamically presents content based on user input. For 
example, when viewing the whole nephron model the user might be presented with information on the various 
embedded segment models as they select them in the 3-D model view. Similarly, the user might choose to focus the 
model viewer on a cellular model in a particular segment in order to view the various membrane transport proteins. 
Selecting a specific protein might present the user with a full reference description of the mathematical model 
governing the behaviour of that protein (Nickerson et al., Bioinformatics 24:1112-1114, 2008). 
 

 
1C.6 RAPAMYCIN TREATMENT SUPPRESSES RENAL CYST FORMATION IN PKD1

-/-
 EMBRYOS  

Cherie Stayner1, Justin Shields1, Jonathan M Shillingford2, Thomas Weimbs2, Michael R Eccles1   
1Department of Pathology, Dunedin School of Medicine, University of Otago, Dunedin, New Zealand. 2Department of 
Molecular, Cellular, and Developmental Biology; and Neuroscience Research Institute, University of California Santa 
Barbara, California, USA. 
 
Autosomal dominant polycystic kidney disease (ADPKD) is one of the most common, potentially lethal, genetic 
disorders in humans, with no effective treatment currently available. Most cases of ADPKD are caused by heritable 
mutations of the PKD1 gene, resulting in renal failure by middle age. We set out to determine whether rapamycin 
treatment of a Pkd1 knockout mouse model of ADPKD, during cystogenesis in utero, can inhibit cyst formation. Pkd1

-/- 
homozygous knockout mice develop cysts prenatally and die just after birth.  Therefore, we treated pregnant Pkd1

+/- 
female mice (that had been mated with Pkd1

+/- males) with rapamycin, from embryonic day 14.5 to embryonic day 
17.5.  The pregnant mice and embryos were sacrificed at embryonic day 18.5 and the embryos and kidneys isolated.  
Pkd1

-/- kidneys contained numerous cysts, were twice the weight of wildtype kidneys and the cystic area was three 
times greater than in wildtype mice.  Rapamycin treatment reduced the proportion of cyst formation in Pkd1

-/- kidney 
sections by a third, and the kidney mass returned to near wildtype levels. Pax2 expression has been shown to persist in 
renal cystic cells and we examined whether the expression of Pax2 was reduced after treatment with rapamycin.  We 



 29

saw no significant evidence for changes in Pax2 expression at the particular dose of rapamycin used. Together with 
previous studies, these data show that changes in ADPKD caused by loss of Pkd1 function can be ameliorated by 
rapamycin, even in utero, providing some promise for the treatment of ADPKD and recessive PKD in humans. 
 

 
Session 2A:  
 

 
2A.1 VALIDATION OF NOVEL RECORDING AND ANALYSIS METHODS FOR MAPPING SMALL 

INTESTINE BIOELECTRICAL ACTIVITY 
Angeli TR*δ, O’Grady G*†, Bissett IP†, Du P*, Cheng LK*, Pullan AJ *‡δ. 
*Bioengineering Institute, δRiddet Institute, †Surgery, ‡Engineering Science, University of Auckland.  
 

Small intestine (SI) bioelectrical activity, known as slow waves (SWs), is generated by the interstitial cells of Cajal 
(ICC) and coordinates intestinal motility. Motility disorders have been associated with abnormal SW activity and/or 
ICC dysfunction, but there remain substantial gaps in our knowledge of how SWs are organised throughout the small 
intestine. This study aimed to define normal SW propagation dynamics in improved spatiotemporal detail using high-
resolution (HR) electrode arrays sequentially applied over the SI. In-vivo HR serosal mapping was performed in five 
anesthetised weaner pigs using customised flexible printed-circuit-board (PCB) platforms (256 electrodes; 4mm 
spacing, ~35cm2). Silicone cradles were used to maintain PCB contact over the curvature of the SI. The electrode arrays 
were applied at representative intervals from the proximal duodenum to the terminal ileum. New automated analysis 
methods were developed to characterise the spatiotemporal details of SW propagation, frequency, and amplitude. 
Spatiotemporal mapping revealed instances of SWs propagating beyond the length of the array (12.4cm) in both the oral 
and aboral direction. Distal pacemaker location and activity were observed to be dynamic and variable. A decreasing 
trend of porcine SW frequency and amplitude was shown from the duodenum (17.5 ± 0.6cpm; 0.11 ± 0.02mV) to the 
mid-jejunum (15.1 ± 0.8cpm; 0.04 ± 0.01mV) and the terminal ileum (9.7 ± 0.5cpm; 0.04 ± 0.01mV). New methods 
have been validated for in-vivo HR mapping. Spatiotemporal analysis shows variable, dynamic SW propagation 
patterns. Further studies using these methods will enable a detailed analysis of the mechanisms of SI SW propagation, 
improving clinical understanding of SI function in health and dysmotility. 
 

 
2A.2 EXPLORING THE MECHANISMS OF INCOMPLETE TWITCH RELAXATION IN HEALTHY 

CARDIAC MUSCLE 

J-C Han1, AJ Taberner1,2, PMF Nielsen1,2, RS Kirton1, M-L Ward3 and DS Loiselle1,3 

Auckland Bioengineering Institute1 and Departments of Engineering Science2, and Physiology3, The University of 
Auckland 

 
At room temperature, healthy rat cardiac trabeculae experience incomplete relaxation between successive twitches at a 
sufficiently high stimulus frequency (4 Hz). We explored the mechanisms contributing to this behaviour by: (i) 
measuring heat production to determine the metabolic consequences, (ii) measuring dynamic modulus to interrogate the 
status of crossbridges, (iii) superfusing with non-oxygenated solution to examine the contribution of hypoxia, (iv) 
varying exogenous glucose concentration to alter the supply of metabolic substrate and (v) measuring Fura-2/AM 
fluorescence to probe diastolic [Ca]i and myofilament Ca2+-sensitivity. Results show that during incomplete twitch 
relaxation, diastolic stress was elevated but muscle heat production correlated with the active (rather than total) stress, 
diastolic modulus was high, elevated diastolic stress progressively decreased despite decreased supply of oxygen and 
increased supply of glucose, diastolic [Ca2+]i was elevated and stayed constant, and stress-[Ca2+]i loops were shifted 
rightward. We conclude that elevated diastolic twitch stress, as a consequence of incomplete relaxation at high stimulus 
frequency, which is driven by elevated [Ca2+]i, is attained with negligible metabolic expenditure due to the presence of 
attached but non-ATP-hydrolysing crossbridges and not because of insufficient supply of oxygen or glucose.  The 
subsequent progressive diminution of elevated diastolic stress reflects the time-dependent loss of myofilament Ca2+-
sensitivity. 
 

 
2A.3 HIGH RESOLUTION 3D RECONSTRUCTION OF THE INFARCT BORDER ZONE: IMPACT OF 

STRUCTURAL REMODELLING ON ELECTRICAL ACTIVATION 

Sally L Rutherford, Mark L Trew, Gregory B Sands, Bruce H Smaill. 
Bioengineering Institute and Physiology, University of Auckland, Auckland, New Zealand.   
 
The border zone (BZ) of an MI can provide a substrate for slow, non uniform electrical propagation. In this study, 
infarct BZ has for the first time been reconstructed at high resolution in 3D. These data have been incorporated into a 
detailed computer model to investigate the effects of structural heterogeneity and fibrosis on propagation in this region. 
LV infarcts were created in rats by LAD artery ligation. Hearts were removed 14 days after surgery and transmural 
segments spanning the infarct BZ were imaged using confocal microscopy at 1µm3 voxel dimension and reconstructed 
in 3D. Functional myocytes, connective tissue (CT), and extracellular space were segmented using novel techniques. A 
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3D network description of the myocytes was developed, which incorporated cellular volume and connectivity length 
and area. The BZ region was defined, and structural features of the BZ and the adjacent normal myocardium (NZ) were 
quantified.  These data were incorporated into a 3D representation of BZ structure on which activation was simulated 
using a modified LR1 cardiac activation model. LAD ligation produced extensive transmural infarcts.  In the BZ, 
groups of myocytes were preserved adjacent to major epicardial coronary vessels and in the sub-endocardial and 
midwall regions.  These connected via tortuous strands to the NZ, and were surrounded by dense CT and necrotic 
regions. Connectivity between myocytes decreases rapidly from ~100% within layers in the NZ, to ~33% in the BZ, 
over a distance of 300µm at the junction of two zones. There appeared to be two populations of fibers in the BZ. 
Myocytes preserved adjacent to the epicardium were orientated at ~-90°, those adjacent to the endocardium ~+90°.  The 
BZ showed little of the smooth transmural variation in fibre orientation seen in the normal ventricular wall. Laminar 
structure was progressively lost within the BZ.  Our structure based computer model showed slow propagation through 
the BZ, and rate dependant unidirectional block demonstrating that structural heterogeneity in the infarct BZ provides a 
substrate for re-entrant arrhythmia. 
 

 
2A.4 CARDIAC RYANODINE RECEPTORS: A 3D SPATIAL ANALYSIS 

EI Blumgart1, I Dilshan2, MJ O’Sullivan3, C Soeller2, CG Walker3, V Rajagopal1 

1Auckland Bioengineering Institute, University of Auckland. 2Department of Physiology, University of Auckland. 
3Department of Engineering Science, University of Auckland. 
 
The cardiac muscle cell is an extremely complicated piece of biological machinery. Millions of muscle cells excite and 
contract in a coordinated fashion giving rise to the vital beat mechanism that pumps blood around the body. Each 
cellular contraction is inextricably linked to the sarcoplasmic reticulum (SR) release event and subsequent binding of 
Ca2+ to myofibril binding sites. An integral protein in the release event is the SR membrane bound Ryanodine Receptor 
(RyR). This binds the Ca2+ that is released from the transverse tubules into the cytosol and in doing so facilitates the 
process of calcium-induced calcium release (CICR) and hence muscle contraction. Although it is known that RyR’s are 
embedded in the SR membrane, little work has been carried out with respect to modelling the spatial distribution of this 
protein throughout the cell, or indeed the spatial distribution of any internal cellular structures. Our study seeks to 
perform a statistical analysis on the 3D spatial distribution of RyR’s with respect to myofibrils and other excitation-
contraction coupling (ECC) proteins. Using two-photon confocal microscopy images of rat heart muscle, we have 
carried out several 3D spatial analyses which have enabled us to investigate the anisotropy, clustering, randomness and 
scatter of RyR’s. It has been found that RyR’s appear to be non-randomly distributed within cardiomyocytes with 
evidence of clustering and an estimated nearest neighbour distance of 0.89 µm.  We have also examined aspects of the 
spatial relationship between RyR’s and myofibrils at Z-disks.  A purely mathematical modelling approach has never 
been undertaken before and has the potential to be extended to any number of proteins and organelles. The ultimate goal 
of our work is to create a stochastically generated accurate 3D model of a healthy cardiomyocyte. Once accomplished, 
functional modelling can be developed such that we may better understand the role of structure and spatial assembly of 
cardiac cell organelles and proteins on ECC and CICR. 
 

 
2A.5 MATHEMATICAL MODELLING OF ENERGY DEMAND AND SUPPLY IN THE CARDIAC 

MYOCYTE 

K Tran1, DS Loiselle1,2, EJ Crampin1,3 
1Auckland Bioengineering Institute, University of Auckland. 2Department of Physiology, University of Auckland. 
3Department of Engineering Science, University of Auckland. 
 
The mechanisms that regulate the control of energy demand and energy supply in the heart muscle are crucial for 
maintaining normal cardiac function, yet they are not very well understood. Although a number of mechanisms have 
been proffered by which mitochondrial supply of ATP can change to match varying workload in the myocardium, 
identifying the underlying regulatory pathways remains controversial. In this study, we have developed mathematical 
models of the sarcoplasmic-endoplasmic reticulum Ca2+ ATPase (SERCA) pump and the acto-myosin cross-bridge 
cycle which, along with the Na+/K+ pump, are the key energy-consuming processes in the cardiomyocyte. These models 
are then placed within the context of a whole-cell electrophysiological framework, alongside a model of mitochondrial 
energy supply, to investigate the mechanisms that regulate energy control. The predictions from our model simulations 
indicate that, under constant metabolite concentrations, the ATP-FTI (force-time integral) relationship is linear, while 
the ATP-FLA (force-length-area, cellular equivalent of VO2 - PVA) relationship is linear only at low work rates. The 
linearity of the ATP-FTI relationship is found to arise from kinetic properties of the cross-bridge model. This property 
is not retained in the ATP-FLA relationship and is lost when metabolite concentrations are allowed to vary, as during 
normal variation with changing workload. This suggests that FTI and FLA are not equivalent, and that the VO2 - PVA 
relationship may only be approximately linear. 
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2A.6 CHARACTERISING THE 3D DISTRIBUTION OF ATRIAL AUTONOMIC INNERVATION IN THE 

RAT 

Jesse Ashton, Anthony Walters, David Paterson, Ian LeGrice, Bruce Smaill, Denis Loiselle 
Auckland Bioengineering Institute, University of Auckland. 
 
Altered distribution and co-location of atrial sympathetic and parasympathetic nerve terminals in chronic heart failure 
(CHF) are thought to contribute to the development of heart rhythm disturbances such as atrial fibrillation (AF). 
Chronic AF causes discomfort, increased risk of stroke and contributes to mortality in CHF; a leading cause of death in 
New Zealand.  We are characterising the changes in atrial neural architecture that occur during the development of CHF 
and the effects of this neural remodelling on the electrical behaviour of the atria will be investigated using realistic 
computational models. As part of this work, replication-deficient adenoviral vector (Ad5) that encodes recombinant 
green fluorescent protein (eGFP) under control of the catecholaminergic neuron-specific promoter PRSx8 is being used 
to map the distribution of autonomic nerves in rat atria. We have compared two methods for delivering this viral vector 
and thereby labelling sympathetic nerves; (i) in vitro injection of vector into multiple regions of superfused atria, and 
(ii) recirculation of vector via coronary circulation using a Langendorff perfusion apparatus. Viral labelling has been 
verified using immuno-histological markers and a resin embedding process has been developed to embed samples 
suitable for three-dimensional imaging using our extended volume imaging system.  
 

 
Session 2B:  
 

 
2B.1 MATERNAL ADAPTATION TO A HIGH FRUCTOSE DIET: EFFECTS ON OFFSPRING 

METABOLIC FUNCTION 

Zoë E Clayton, Cassandra Yap, Mark H Vickers & Deborah M Sloboda 
The Liggins Institute, University of Auckland, Auckland. The National Research Centre for Growth and Development, 
Auckland. 
 
It is well-established that an adverse early life nutritional environment results in an increased risk of obesity and 
metabolic syndrome in the offspring. However, very few studies have examined maternal high-fructose intake as a 
model, despite its relevance to modern human diets. We hypothesise that a high-fructose diet during pregnancy will alter 
maternal adaptation to pregnancy, leading to changes in fetal and neonatal hepatic function thereby predisposing 
offspring to metabolic dysfunction. Pregnant Wistar rats were time-mated and randomised to either control (Con) or 
high-fructose (FR) diets. Blood and liver samples were collected at embryonic day 21 (E21); postnatal day 2 (P2) and 
P10. Neonatal gut contents were analysed as a proxy for milk composition. Maternal FR intake resulted in elevated 
maternal plasma fructose levels at E21 and P10 and maternal hyperinsulinemia at E21. FR intake resulted in a 
consistent sex-dependent effect on offspring phenotype. At E21, female FR fetuses had increased blood glucose and 
plasma leptin levels and reduced β-hb levels compared to Con. At P2, female neonates had increased leptin and β-hb 
levels, accompanied by increased milk insulin levels. By P10, female plasma insulin levels were lower and milk leptin 
was elevated compared to Con. Male offspring demonstrated no phenotype at either E21 or P2 but FR neonates had 
elevated plasma β-hb levels, decreased plasma insulin levels and increased milk leptin levels at P10. These results 
suggest that a maternal FR diet alters milk composition and leads to changes in circulating glucose, β-hydroxybutyrate, 
leptin and insulin concentrations in the offspring, likely to be indicative of disordered metabolism. Importantly, these 
effects appear to be age and sex-dependent. Future studies will investigate circulating and hepatic free fatty acid and 
triglyceride levels and hepatic gluconeogenic and lipogenic pathways, including the expression of PEPCK and fructose 
1-6-bisphosphatase genes, in order to determine possible underlying mechanisms. 
 

 
2B.2 EFFECTS OF A MATERNAL HIGH FRUCTOSE DIET ON THE DEVELOPMENT AND FUNCTION 

OF THE PLACENTA 

Cassandra Yap1, Zoë E Clayton1, Mark H Vickers1, Peter J Mark2, Deborah M Sloboda1 

1The Liggins Institute, University of Auckland and the National Research Centre of Growth and Development. 2The 
School of Anatomy and Human Biology, University of Western Australia. 
 

The increasing prevalence of obesity is paralleled by the increasing consumption of sugars, including the simple 
monosaccharide fructose.  Fructose consumption has been shown to induce insulin resistance, weight gain and 
hyperlipidaemia.  Despite the widespread consumption of fructose-containing foods and beverages and rising incidence 
of maternal obesity, relatively little attention has been paid to the possible adverse effects of maternal fructose 
consumption on the developing fetus.  The current study aims to investigate the effects of maternal high fructose 
consumption on placental and fetal development.   Female rats were time-mated and randomised to either a control 
(CONT, n=10) diet, or a fructose supplemented diet (HFr, n=9) (30% extra caloric load) throughout pregnancy.  On day 
21 of pregnancy, maternal and fetal blood samples and placental tissue were collected.  Maternal bodyweight, blood 
glucose and β-hydroxybutyrate (BHB) levels did not differ between groups, although HFr mothers had elevated plasma 
fructose levels compared to CONT (p<0.001) and reduced plasma levels of some essential amino acids.  HFr placental 
weights were reduced (p=0.02) and fetal-placental weight ratios were increased in female but not male HFr fetuses 
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(p=0.008).  Female HFr fetuses had higher plasma fructose levels (p<0.05) and higher blood glucose levels (p<0.05), 
but lower BHB levels compared to female CONT fetuses (p<0.05).  These effects were absent in HFr male fetuses.  
Plasma levels of valine and lysine were decreased in male and female HFr fetuses (p<0.001), but interestingly, only in 
male HFr fetuses were plasma levels of taurine increased (p<0.05).  Maternal fructose consumption resulted in sex-
specific changes in fetal and placental development, whereby female fetuses were apparently more vulnerable to 
changes in circulating fructose, glucose and BHB, which may be associated with alterations in placental growth and 
function. Male fetuses however, appear protected and increased levels of plasma taurine may indicate compensatory 
mechanisms. 
 

 
2B.3 PROLACTIN-INDUCED ACTIVATION IN THE MATERNAL BRAIN DURING EARLY PREGNANCY 

SL McFadden, CM Larsen, DR Grattan  
Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, University of Otago, Dunedin, 
New Zealand. 
 

There is an increased incidence of dysfunctional mood disorders postpartum, affecting approximately 10-20% of all 
women. Postpartum mood disorders can have devastating effects on the mother, and lead to altered relationships with 
offspring, an increased incidence of child abuse, and increased conflict in relationships leading to a higher rate of 
separation. We have recently shown that low levels of prolactin during early pregnancy prevent the normal increase in 
neurogenesis that usually occurs in the subventricular zone (SVZ) of the mother. This results in a marked increase in 
anxiety and impairment of maternal behavior postpartum in mice, providing a novel model of postpartum anxiety. The 
mechanism of prolactin action on SVZ neurogenesis is not known. We have observed that the SVZ does not express 
prolactin receptor mRNA, nor could we see prolactin-induced phosphorylation of the transcription factor STAT5 
(pSTAT5), a marker of prolactin-mediated signal transduction. Therefore, we hypothesized that the normal elevation of 
prolactin that occurs in early pregnancy initiates changes in other areas of the maternal brain that indirectly lead to 
increased neurogenesis in the SVZ. The aim of this study was to characterize which areas of the brain are activated in 
response to the normal surges of prolactin that occur during early pregnancy. Groups of mice were killed on day 3 of 
pregnancy either at a time when prolactin levels were low, or during a surge of prolactin secretion. Using 
immunohistochemistry we analyzed levels of pSTAT5 throughout the mouse brain. Expression of pSTAT5 in regions 
of the brain known to be crucial for regulation of mood and behavior was reminiscent of levels that we have previously 
seen in non-pregnant animals following an injection of prolactin. That is levels were relatively high compared to levels 
seen in control non-pregnant animals, but were significantly less than those seen in lactation. During the prolactin surge 
levels of pSTAT5 were further increased in the arcuate nucleus, suggesting a continued responsiveness of the prolactin 
negative feedback system in this region at this time point. Further research on the pathways initiated downstream of 
prolactin-induced activation may shed new light on how prolactin mediates the increase in neurogenesis during 
pregnancy. 
 

 
2B.4 PROLACTIN DOES NOT ACT DIRECTLY ON CORTICOTROPHIN-RELEASING HORMONE 

NEURONS IN THE RAT PARAVENTRICULAR NUCLEUS 

Sapsford TJ, Kokay IC, Grattan DR 
Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, University of Otago, Dunedin, 
New Zealand. 
 
Prolactin is an anterior pituitary hormone that is elevated during pregnancy and lactation to stimulate milk production at 
the mammary gland. Prolactin also been reported to induce changes in responses to stress during pregnancy and 
lactation through actions in the brain, and this may contribute to the reduced stress responses observed in new mothers. 
We hypothesised that prolactin acts directly on corticotrophin-releasing hormone (CRH) neurons in the rat 
paraventricular nucleus to drive adaptive changes in maternal responses to stress. To investigate this hypothesis, we 
used double-label immunohistochemistry for CRH, and nuclear localisation of pSTAT5, an accepted marker of long-
form prolactin receptor activation, the predominant receptor isoform found in the rat paraventricular nucleus. Virgin and 
lactating animals were implanted with icv cannula and left to recover from surgery for one week. For the 16 hours prior 
to icv injection, rats were treated with bromocriptine to suppress endogenous prolactin levels. Animals then received an 
injection of prolactin (100 ng or 500 ng) or vehicle, and were perfused with 4 % paraformaldehyde. Brain sections 
containing the paraventricular nucleus were processed for immunohistochemical labelling of CRH and pSTAT5. Low 
numbers of pSTAT5-labelled nuclei were observed in vehicle treated diestrus and lactating rats. Prolactin treatment 
significantly (p < 0.05) increased the number of pSTAT5-labelled nuclei throughout the paraventricular nucleus at both 
stages of reproductive status. However, very few (less than 5%) of CRH neurons displayed nuclear pSTAT5 in response 
to prolactin treatment during diestrus or lactation. Similarly, in the same sections containing the amygdala, prolactin-
induced pSTAT5 labelling was observed but was not present in the nucleus of CRH neurons. These results demonstrate 
that prolactin does not signal via pSTAT5 in CRH neurons in virgin or lactating rat. This implies that prolactin may 
activate another signalling pathway in CRH neurons, or acts indirectly through an intermediary neuronal population to 
modulate CRH neuron activity.  
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2B.5 PROLACTIN-DEPENDENT ENKEPHALIN EXPRESSION IN TIDA NEURONS OF LACTATING 

MICE 

Yip SH, Grattan DR and Bunn SJ.  
Centre of Neuroendocrinology, University of Otago, Dunedin, New Zealand. 
 
During lactation the tuberoinfundibular dopaminergic (TIDA) neurons located in the arcuate nucleus of the 
hypothalamus exhibit a phenotypic switch, with a reduction in dopamine synthesis and induction of enkephalin 
expression. Evidence suggests that elevated prolactin may contribute to this phenomenon. The current study aimed to 
test the hypothesis that the induction of enkephalin expression in TIDA neurons during lactation is prolactin-dependent. 
Immunohistochemical analysis showed that the number of enkephalin positive cells in the arcuate nucleus increased 
from 6±2 in diestrus to 67±7 in lactation (n=5). Suppression of prolactin by bromocriptine administration (4.0 mg/kg for 
24 h) during lactation reduced the number of enkephalin positive cells to 32±7 (n=5-7). While this number was 
significantly lower than that in lactating animals it was still higher than in diestrus controls. Administration of 
exogenous prolactin (4.0 mg/kg) at the same time as bromocriptine treatment prevented the reduction in the number of 
enkephalin positive cells (91±5, n=5-7). This study indicates therefore that the maintenance of expression of enkephalin 
in TIDA neurons during lactation is prolactin-dependent. 
 

 
2B.6 THE WINGATE ANAEROBIC TEST AS A STANDARDIZED ACUTE PHYSICAL STRESSOR 

Kim R Lo, Kelly R Atkinson, John R Ingram 
Food Innovation Group, The New Zealand Institute for Plant & Food Research Limited, Auckland.  
 
Stress is directly implicated in the aetiologies of many common lifestyle diseases including cardiovascular disease, 
obesity, and mood disorders such as depression and anxiety, yet considerable variation exists between individuals in 
their ability to cope with stress. To measure variability in stress responsiveness requires the development of 
standardised stress protocols.  Intense anaerobic exercise, such as seen during the Wingate anaerobic test (WAT), 
activates both hypothalamic-pituitary-adrenal (HPA) axis and sympathetic nervous system (SNS) pathways and may 
provide an acute standardised approach to evaluate stress responsiveness. Our aim was to evaluate the ability of the 
WAT to activate both the HPA and SNS and measure the reproducibility of these responses within individuals.  Ten 
untrained male subjects (34.5 ± 2.4 y, 80 ± 6 kg and 178 ± 2 cm) provided saliva samples every 15 min for 2 h before 
and following two consecutive 30 s WATs, performed 1 min apart.  Saliva was analysed for cortisol and α-amylase.  
Blood lactate, heart rate (HR) and power output were also monitored.  The protocol was then repeated at least one week 
later, to determine reproducibility of the responses.  All results are presented as mean ± s.e.m.  WAT produced 
significant increases in cortisol (peak: 9.6 ± 2 nM, P<0.01, AUC: 9.4 ± 2 nmol·h/L, P<0.05), α-amylase (312.7 ± 54 
U/mL, P<0.001, AUC 312.7 ± 62 U·h/mL, P<0.01), blood lactate (12.3 ± 0.8 mM, P<0.001) and heart rate (169 ± 2 
bpm, P<0.001) with a peak power output of 836 ± 70 W. There were no significant difference between the first and 
subsequent WAT in any physiological or performance measure.  The variation between individuals was consistently 
greater than that seen within an individual over subsequent testing sessions e.g. inter- and intra-coefficients of variation 
for the peak cortisol response were 68% and 22%, respectively. The WAT is a potent and reproducible acute physical 
stressor that may prove useful in assessing individual reactivity to stress. However, given the intense physical nature of 
this stressor, its application should be considered only for healthy participants. 
 

 
Session 2C: 
 

 

2C.1 OCULAR LENS AQUAPORINS: SPATIAL DISTRIBUTIONS AND ROLES IN LENS HOMEOSTASIS 

A.C. Greya, K.L. Walker a, K.L. Schey b, P.J. Donaldsona 

aDepartment of Optometry and Vision Science, University of Auckland, Auckland, and bDepartment of Biochemistry, 
Vanderbilt University, Nashville, TN 
 
Aquaporins (AQPs) are relativley small integral membrane proteins that form water-transporting pores in cell 
membranes. Three isoforms of aquaporin protein are expressed in the lens; AQP1 in the epithelial cell monolayer, and 
AQP0 and AQP5 in the lens fibre cells. Until recently, it was thought that AQP0 was the only aquaporin expressed in 
lens fibres. However, proteomic studies and Western blot analysis have shown that AQP5 is also expressed in mouse, 
rat, bovine and human lenses. Using high resolution confocal microscopy, we have mapped the distribution of AQP0 
and AQP5 throughout rat and human lenses. While AQP0 was always associated with the cell membrane, its 
distribution in the cell membrane changed with lens fibre cell age and differentiation. The distribution of AQP5 also 
changed, from a predominantly cytoplasmic distribution in young, peripheral fibre cells, to a membranous distribution 
in mature fibre cells. Furthermore, Western blotting of AQP5 in different lens regions revealed a reduction in 
immunoreactivity in the lens nucleus, suggesting post-translational truncation of the AQP5 C terminus. Interestingly, 
two bands for AQP5 were detected by Western blot in human lenses, suggesting additional post-translational 
modification or a splice variant of the protein was present. Both sub-cellular localisation changes and post translational 



 34

modifications are likely to have significant functional implications for the lens fibre cell aquaporins. These functional 
changes will be discussed in the context of normal lens homeostasis.  
Supported by: Health Research Council of New Zealand International Investment Opportunities Fund (PJD) and NIH 

grant EY-13462 (KLS) 
 

 
2C.2 ATP RELEASE IN THE OCULAR LENS: THE ROLE OF HEMI-CHANNELS AS AN ATP RELEASE 

MECHANISM 
KL Walker, H Suzuki-Kerr, MH Han, JC Lim, PJ Donaldson. 
Molecular Vision Laboratory, Department of Optometry and Vision Science, University of Auckland. 
 
In order to maintain transparency, the ocular lens must tightly control the volume of the fibre cells which comprise it.  
When osmotic stress threatens to alter this balance, the lens actively regulates its volume to preserve transparency 
(Donaldson et al, 2009). Previous work has shown that purinergic signalling pathways may be involved in this 
regulation, indeed the P2X receptor has been shown to dynamically insert into the cell membrane in response to osmotic 
challenge (Suzuki-Kerr et al, 2009).  As P2X receptors are activated by ATP, we undertook organ culture experiments 
to determine whether osmotic challenge induces ATP release in the rat lens. The luciferin/luciferase assay was used to 
show that culturing lenses in hypoosmotic solution resulted in the release of ATP from the lens into the culture media. 
Lactate dehydrogenate assays were performed in parallel to confirm that the release in ATP was not due simply to non-
specific cell damage or rupture.  To determine that the mechanism of ATP release was via hemi-channels rather than 
exocytosis, lenses were then cultured in a low calcium media to activate hemi-channels, and a hemi-channel permeable 
dye was used to locate the area of dye uptake and therefore hemichannel activation.  This revealed that the area of dye 
uptake and therefore ATP release is the same region where P2X receptors are dynamically inserted into the membrane 
of fibre cells. This is the same region of the lens that is damaged in diabetic cataract. Ongoing investigations are using a 
pharmacological approach utilising the hemi-channel inhibitors flufenamic acid and carbenoxolone which preferentially 
inhibits connexin or pannexin hemi-channels, respectively, to determine the molecular basis of channel mediated ATP 
release in the lens.   
Supported by: The Health Research Council of New Zealand  

References: Donaldson PJ et al Exp Eye Res 88:144, 2009; Suzuki-Kerr H et al Histochem & Cell Biol 131:667, 2009  
 

 

2C.3 CAN WE REVERSE DEAFNESS? 
Srdjan M Vlajkovic1, ACY Wong1,3, CX Guo1, KH Lee1, GD Housley1,3, PR Thorne1,2 
1Department of Physiology and 2Discipline of Audiology, The University of Auckland, New Zealand. 3Department of 
Physiology, University of New South Wales, Sydney, Australia. 
 
Here, we demonstrate that the activation of adenosine receptor signalling can mitigate cochlear injury after exposure to 
traumatic noise.  In this study, Wistar rats (8-10 weeks) were exposed to broadband noise for 24 hours at 110 dBSPL to 
induce permanent hearing loss. Adenosine and selective adenosine receptor agonists (CCPA, CGS-21680 and Cl-IB-
MECA) were applied to the round window membrane of the cochlea six hours after noise exposure. Hearing function 
was assessed by auditory brainstem responses (ABR) before and 48 hours after noise exposure. A partial threshold 
recovery (up to 20 dB) was observed in the cochleae treated with adenosine and the selective A1 adenosine receptor 
agonist CCPA. No threshold recovery was observed with CGS-21680 or Cl-IB-MECA, the selective A2A and A3 
adenosine receptor agonists respectively. Free radical production in the noise-exposed cochlea, demonstrated by 
nitrotyrosine immunoreactivity, was reduced after adenosine or CCPA administration. We further investigated the effect 
of adenosine amine congener (ADAC), a selective adenosine A1 receptor agonist with reduced peripheral side effects, 
on noise-induced cochlear injury. ADAC was administered intraperitoneally (100 µg/kg/day) at time intervals (6 or 24 
hours) after exposure to traumatic noise (110 dB SPL for 2 or 24 hours, n=8/group). Hearing thresholds were assessed 
by ABR and hair cell loss evaluated by quantitative histology. ADAC administration led to substantial threshold 
recovery (25-30 dB), supported by increased sensory hair cell survival and reduced generation of free radicals. Our 
studies pinpoint A1 adenosine receptors as promising pharmacological target to mitigate noise-induced cochlear injury 
and reverse hearing loss.  
Grants: RNID (UK), Deafness Research Foundation (NZ) and Auckland Medical Research Foundation. 
 

 
2C.4 EFFECTS OF ISOPROTERENOL COMBINED WITH BREATHING OSCILLATIONS IN PORCINE 

AIRWAY 
Mathur M1, Al-Jumaily AM1, IJpma G1, Cairns SP2 

1Institute of Biomedical Technologies, AUT University, Auckland, New Zealand, 2 School of Sport & Recreation, AUT 
University, Auckland, New Zealand 
 
Airway smooth muscle is considered as the key effector cell responsible for bronchoconstriction in asthma. β-agonists 
such as Salbutamol and Isoproterenol are the most commonly used medications for alleviating the symptoms of asthma. 
However, excessive use of these bronchodilators is known to cause various short and long term side-effects. Deep 
inspiration (DI) in normal subjects is shown to be a more potent bronchodilator compared to medications. Breathing 
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equivalent length oscillations applied to contracted muscle have been shown to cause a reduction in the contractile 
ability of the tissue. This study focuses on investigating the combined effects of Isoproterenol (Iso) and breathing 
oscillations dynamics in contracted ASM. Isolated porcine tracheal smooth muscle tissues were subjected to Iso and 
oscillations both individually and in combination during ACh induced contractions. Our results suggest that the 
combined effect of Iso and breathing oscillations is noted to be greater than the effects of Iso or breathing when applied 
individually. We propose that breathing oscillations may aid the relaxation of ASM by Isoproterenol. We anticipate that 
this study will lead to a better understanding of the role of breathing in bronchodilator efficacy.  
 

 
2C.5 EXPERIMENTAL AND THEORICAL INVESTIGATION OF THE ROLE OF RHO KINASE IN 

AIRWAY CONTRACTION 

P Mbikou1, Etienne Roux2  
1Institute of Biomedical Technologies, Auckland University of Technology (AUT). 
2Laboratory of Bronchial and Vascular Reactivity, University of Bordeaux 2, Inserm U885, France. 
 
The implication of Rhokinase (RhoK) on airway contraction has previously been demonstrated. However, the pathways 
by which it acts are uncertain, and its role on the contraction profile has not yet been studied. Understanding of these 
pathways is essential in developing our knowledge of the causes and possible treatments of respiratory disease such as 
asthma. Hence, the aim of this study was to investigate the role of RhoK in force development in response to 
cholinergic stimulation in rat airways. Isometric contraction and calcium signals were recorded from trachea rings from 
male Wistar rats. The rings were stimulated by 10 µM carbachol (CCh) either with or without RhoK inhibitor, Y27632 
(10 µM). Analysis of the contraction showed a two phase response: a fast early response (90 s), and an additional 
delayed response (30 min). The fast early phase was fitted by a Hill equation to determine the fast maximal contractile 
force (fFmax), and time to half-fFmax (TfF50). Results showed that exposure to Y27632 did not significantly alter the 
resting cytosolic calcium (Ca2+), or the Ca2+ response induced by cholinergic stimulation. Experiments done in the 
presence of calyculin A (100 nM), an inhibitor of myosin light chain phosphatase (MLCP), showed that RhoK induces 
contraction through the inhibition of this enzyme. KN-93 (10 µM), a calmodulin kinase II (CamK II) inhibitor, does not 
modify the speed or the magnitude of RhoK-induced contraction; RhoK activation is therefore CamK II independent. 
Stimulation by potassium chloride (KCl) induced no contraction in the absence of extracellular Ca2+. However, in the 
presence of extracellular Ca2+, the fast early response of the contraction showed a Hill shaped curve, but the additional 
delayed response was absent. In the control ring, KCl-induced fFmax was significantly different compared to tissue 
exposed to Y27632 ((32.8 ± 6.1 % (n=8) vs., 23.2 ± 6.1 % (n=8)), and TfF50 was not significantly modified in the 
presence of Y27632; thus RhoK activation is Ca2+ dependent. In parallel with these experimental results, we built a 
theoretical model of RhoK activity. This model predicts that maximal RhoK activation and subsequent MLCP 
inhibition occurs in less than 10 s, i.e., before fFmax is achieved. Hence, the model predictions are consistent with our 
experimental findings that RhoK participates in the early phase of the contraction. 
 

 
2C.6 A MODEL OF REGIONAL HETEROGENEITY IN ASTHMATIC AIRWAY HYPER-

RESPONSIVENESS 

Graham Donovan, James Sneyd, Merryn Tawhai 
Auckland Bioengineering Institute and Department of Mathematics, University of Auckland 
 
Ventilation defects in asthmatic patients have been observed preferentially in gravity-dependent tissue. We 
employ a multiscale, spatially-distributed model of asthmatic airway hyper-responsiveness to predict regional 
differences in the supine human lung during agonist challenge. The model predictions for constricted airway 
radii are broadly consistent with regional distributions of ventilation defects previously observed. We also 
present the integration of several improvements to the model, including a detailed, dynamic calcium model; the 
influence of bronchial mucosal folding; two simple models of agonist application; and resulting impedance 
calculations. The model predicts significant regional heterogeneity and suggests that observed regional 
differences may be exacerbated by different modes of agonist application 
 

 
Session 3A: 
 

 

3A.1 RECENT ADVANCES IN MODELLING OF GASTRIC ELECTRICAL ACTIVITY  

Peng Du1, Leo Cheng1 and Andrew Pullan1, 2 

1Auckland Bioengineering Institute; 2Department of Engineering Science, University of Auckland. 
 
The stomach acts as a reservoir and a grinder of ingested food. Gastric motility is initiated by an omnipresent electrical 
event called gastric slow wave activity, and the slow waves are implicated in motility disorders, e.g. diabetic 
gastroparesis. In this study, we seek to address the recent advances in using the multiscale framework to model gastric 
slow waves. Under the multiscale framework, gastric slow wave activity has been modelled at different biophysical 
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scales. A number of gastric cell models have been created and modified to investigate the electrical event of the gastric 
smooth muscle cells (SMC) and the interstitial cells of Cajal (ICC); At the tissue level, propagation of gastric slow wave 
has been simulated in realistic anatomical networks of wild-type and depleted (serotonin-receptor knockout) ICC 
networks from the mouse intestine; An initial-activation prescription method was used to simulate the propagation of 
gastric slow waves in a subject-specific stomach model, which was then embedded in a torso model to simulate the 
resultant body surface potential. In conclusion, progress has been made to improve the models of gastric slow waves at 
multiple biophysical scales, with experimental support and validation. This will facilitate our understanding of gastric 
slow wave activity.  
 

 
3A.2 THE CARDIAC ATLAS PROJECT: TOWARD A STATISTICAL ATLAS OF THE SHAPE AND 

FUNCTION OF THE HUMAN HEART 

Pau Medrano-Gracia, Alistair Young, Brett Cowan 
Auckland Bioengineering Institute, University of Auckland, New Zealand 
 
The Cardiac Atlas Project seeks to establish a structural and functional atlas of the heart. Statistical atlases of the heart 
are relatively new as the tools to handle large amounts of cardiac data have only started to appear in the last 10 years. 
Furthermore, they are still undergoing development and are a major focus for a number of research groups. In our work, 
we have fitted mathematical models of the endocardial and epicardial surfaces of the heart to 300 patients with an 
infarct condition. These data belong to the DETERMINE study (DEfibrillators To REduce Risk by MagnetIc 
ResoNance Imaging Evaluation) of patients with infarct dysfunction. Shape models were extended to quantify 
differences in motion throughout the cardiac cycle. Parameters governing regional motion were examined. Results show 
that differences in shape extend to differences in motion; highlighting the fact that size, sphericity and contractility of 
the heart are important factors of the diseased heart. This study shows that well-known characteristics of shape and 
motion in the diseased heart can be quantified with respect to a standard coordinate system useful for mapping 
statistical variation in heart function. 
 

 

3A.3 THE ROLE OF STRUCTURE-FUNCTION RELATIONSHIPS IN DETERMINING SPATIAL AND 

TEMPORAL PO2 VARIATIONS IN THE LUNGS 

Annalisa Swan, Merryn Tawhai 
Auckland Bioengineering Institute, University of Auckland 
 

An anatomically-based computational model was developed in order to predict the spatial and temporal variations in 
gas exchange function throughout the lung geometry under different physiological and pathophysiological conditions. 
The model integrates the multifarious physical, chemical and mechanical processes that are associated with gas 
exchange: pulmonary perfusion, ventilation, gas mixing, and the biochemical reactions in the blood. Geometries were 
derived from human CT data. Predictions from the model compared well with available experimental data. Simulations 
for the healthy lungs resulted in an alveolar-arterial PO2 difference (P(A-a)O2) of 9 mmHg in the absence of shunt. 
Interstitial oedema was simulated for both a uniform and a heterogeneous distribution of tissue stiffening, both with the 
same total lung compliance. The heterogeneous distribution resulted in a P(A-a)O2 that is greater than healthy lungs by 
a factor of 3, compared with a factor of 1.2 for the uniform distribution. As only passive ventilation-perfusion matching 
mechanisms were included in the model, results suggest that the effect of active matching mechanisms – such as 
hypoxic vasoconstriction – play a small role in the homeostasis of the ventilation and perfusion distributions for healthy 
lungs. In the case of tissue stiffening, heterogeneous distributions are more detrimental to whole lung gas exchange 
function than homogeneous distributions. Thus the underlying spatial pattern of disease has important functional 
consequences at the level of the whole organ.  
 

 
3A.4 MODELLING AND IDENTIFYING MECHANICAL PROPERTIES OF THE BREAST USING 

GRAVITY LOADING 

Thiranja P Babarenda Gamage1, Vijay Rajagopal1, Poul MF Nielsen1,2, Martyn P Nash1,2  
1Auckland Bioengineering Institute and 2Dept of Engineering Science, University of Auckland, Auckland, New 
Zealand. 
 
Breast cancer affects 1 in every 10 Western women. Mammography, ultrasound imaging, and MRI, are the primary 
imaging tools used for the diagnosis of breast cancer. However 15% of cancers are missed, which is potentially lethal. 
Identified tumours need to be treated and, if necessary, surgically removed. Most of the difficulties involved in these 
procedures are directly related to the different orientations and varying degrees of compression that the breast 
undergoes during imaging and surgery. Computational finite element models of the breast can be used to co-locate 
information between these various medical images by simulating physically based deformation (finite deformation 
mechanics). However, in order to obtain reliable predictions, it is crucial that mechanical properties of the breast are 
accurately identified on an individual-specific basis. We present our latest body of work aimed at (i) improving existing 
deformation models of the breast by modelling interaction between the breast and the rib cage, and (ii) identifying 
mechanical properties based on multiple gravity loaded orientations. To this end, individual-specific finite element 
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models of the breast were created using MRI data from three volunteers in the prone orientation. Non-linear finite 
deformation mechanics was then used to simulate shape changes that occur in different gravity loaded orientations. 
Contact mechanics constraints were used to define the mechanical interactions between the ribs and the breast. The 
mechanical response of breast tissue was described using a range of constitutive relations. The constitutive parameters 
were estimated using non-linear optimisation techniques to best fit skin data segmented from MR images from the 
different orientations. The results using single versus multiple orientations for identification are analysed using several 
determinability criteria, based on the Hessian of the objective function at the optimum. We also discuss the relative 
suitability of the constitutive relations for both modelling and identifying mechanical properties of the breast under 
gravity loading, based on these observations. The use of such customized breast models, with individual-specific 
mechanical properties, will help to more accurately co-locate information between medical images of the breast and 
thus potentially aid the clinical detection of breast cancer. 
 

 

3A.5 A POPULATION BASED SHAPE ANALYSIS OF PELVIC FLOOR MUSCLE ANATOMY IN 

ATHLETES AND NON-ATHLETES  

Xiani Yan1, Jennifer A Kruger1, Martyn P Nash1,2, Poul MF Nielsen1,2 
1Auckland Bioengineering Institute, University of Auckland. 2Department of Engineering Science, University of 
Auckland 
 
Pelvic floor (PF) muscles, including the levator ani and coccygeus, play important roles in support of the pelvic organs, 
the maintenance of urinary and faecal continence, and during vaginal childbirth. However, the PF muscles are often 
subject to damage following a difficult or prolonged vaginal delivery.  There is preliminary evidence to suggest that 
female athletes involved in high-impact, frequent intensive training (HIFIT), have longer second stage of labours when 
compared to non-athletes. This phenomenon is believed to be partly attributed to PF muscle hypertrophy due to an 
increase in the number of fibres and/or the fibre diameters as normally occurs in skeletal muscles in the athletes. 
However, little research has been done to demonstrate quantitative evidence for the difference in 3D anatomy of the PF 
muscles between athletic and non-athletic women. This study aimed to use sets of MR images and shape analysis 
techniques to investigate population variations in PF muscle geometry, and to test the hypothesis that long-term HIFIT 
is associated with changes in the geometry of PF muscles in female athletes. All datasets were from nulliparous female 
volunteers who did not have a history of pelvic surgery. Six datasets were from a non-athlete (control) group, while 
another six were from a HIFIT group. A 3D finite element model was created from each dataset and a principal 
component analysis was performed on the models in order to examine the statistical differences in shape between the 
groups. The results provide a better understanding of PF muscle anatomy, and help to explain the mechanism of 
difficulties in vaginal delivery more often observed in athletic women. 
 

 

3A.6 AUTOMATIC FEMUR MESH GENERATION BASED ON OPTIMAL LANDMARK REGIONS 

Ju Zhang1, Poul Nielsen1,2, Duane Malcolm1 

1Auckland Bioengineering Institute, 2Department of Engineering Science, University of Auckland. 
 
A hip fracture occurs every two hours in New Zealand. With an ageing population, the cost of care is an increasingly 
large burden on society. Fracture risk has been well correlated to femur morphology (shape and internal structure), so 
we aim to develop a statistical model of femur morphology that describes variations in the population. The model can 
be used to identify at-risk morphologies for use in screening and preventative care, as well as generate morphologies for 
surgery planning and prosthesis design. Construction of the statistical model requires a population of femur 
morphologies described in a consistent manner, such that a variable describes the same morphological feature in all 
samples. We present a novel system for automatically extracting consistently described femur shape. Curvature-based 
metrics and K-means clustering are used to identify landmark regions. Fitting template meshes to each landmark region 
produces a population of femur shapes with a consistent mesh representation. The automation of this process enables 
unsupervised extraction of surface shape, and eventually internal structure. This will allow large volumes of data to be 
efficiently processed for use in generating a robust statistical model of femur morphology. 
 

 
Session 3B: 
 

 
3B.1 ALPHA-ADRENERGIC BLOCKADE DYSREGULATES FETAL CEREBRAL BLOOD FLOW DURING 

SEIZURES AFTER ASPHYXIA IN UTERO  
Gunn ER, Quaedackers JS, George SA, Gunn AJ, Bennett L,  
Department of Physiology, The University of Auckland, New Zealand.  
  
Preterm fetuses have a high risk of cerebral bleeds, partly related to excessive perfusion. In this study we tested whether 
sympathetic blockade in the early recovery phase increases fetal cerebral perfusion during delayed post-asphyxial 
seizures. Preterm fetal sheep were instrumented to record EEG, carotid blood flow (CaBF), carotid vascular resistance 
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(CaVR) and mean arterial blood pressure (MAP). Fetuses received 25 minutes of umbilical cord occlusion, and then 
given an infusion of either saline (n=8) or phentolamine (1mg bolus, 1mg/h, n=8) from 15 min to 8 h after occlusion, 
and killed 3 days after occlusion for histology. Seizures started later in the control group (8.2±0.6 h vs 6.3±0.5 h, 
P<0.01), but were not different in total duration, number/h, duration of individual seizures or peak amplitude. In all but 
one control fetus CaBF fell during each seizure (21.4±1.6 to 19.7±1.2 ml/min, P<0.05), whereas it rose significantly 
after phentolamine (29.1±2.5 to 37.8±3.5 ml/min, P<0.001). Similarly, CaVR increased in controls (1.9±0.2 to 2.2±0.2 
mmHg/ml/min) but fell in the phentolamine group (1.3±0.1 vs 1.0±0.1, P<0.01). MAP increased in the control group 
(35.9±0.9 to 42.0±1.6 mmHg, P<0.01), but not in the phentolamine group (NS). Neuronal loss was greater after 
phentolamine infusion. In conclusion, early alpha-adrenergic blockade with phenotolamine was associated with long-
lasting dysregulation of cerebral blood flow and worse brain injury. 
 

 
3B.2 THE CARDIOVASCULAR AND NEURAL EFFECTS OF LOW AND HIGH DOSES OF KILLED SU-

STREPTOCOCCUS PYOGENES (OK-432) IN PRETERM FETAL SHEEP 
Gabrielle Farley, Lindsea Booth, Paul Drury, Alistair J Gunn, Laura Bennet 
Department of Physiology, The University of Auckland, Auckland, New Zealand 
 
The administration of OK-432 (Picibinil), a killed Su-strain of Streptococcus pyogenes, is being used clinically to 
induce pleurodesis to prevent or reduce chylothrorax. However, data show that fetal exposure to inflammatory 
mediators is associated with a greater risk of brain injury and may cause endothelial dysfunction. The objective of this 
study was to examine the effects of low and high clinical doses of OK-432 on the cardiovascular and neural response of 
a preterm fetus. OK-432 (0.1 mg or 1.0 mg) or saline vehicle were infused over 20 minutes into the pleural space of 
chronically instrumented fetal sheep at 0.7 gestation. Fetal blood pressure, heart rate, blood flow, EEG and body 
movements were monitored continuously for 24 hours before until 7 days after infusion of OK-432. Preliminary results 
suggest that there are no significant differences between the low dose and high dose groups. Between 2-6 hours post-
injection of OK-432 administration was associated with suppression of EEG and body movements, bradycardia and 
tachycardia, and a decrease in mean arterial pressure and carotid and femoral blood flows. Fetal behaviour and heart 
rate returned to normal, however there was chronic progressive central and peripheral vasodilatation. Histological 
studies in the low dose group showed a bilateral infarction in the dorsal limb of the hippocampus in one fetus out of six. 
Histological studies as of yet have not been conducted in the high dose group.  
 

 
3B.3 STOPPING THE SPREAD: CONNEXIN HEMICHANNELS IN ISCHEMIC BRAIN INJURY 

Joanne O Davidson, Colin R Green, Laura Bennet, Louise FB Nicholson, Simon J O’Carroll, Alistair J Gunn   
Department of Physiology, The University of Auckland, Auckland, New Zealand 

 
Propagation of ischemic brain injury shows a characteristic pattern, starting in severely damaged areas and spreading 
into previously undamaged regions. Gap junctions and connexin hemichannels (undocked connexons) have been 
implicated in this spread of injury. There is evidence that following ischemia connexin hemichannels open, forming a 
conduit between the cytoplasm and the extracellular space, resulting in cell swelling and release of ATP and glutamate. 
Near-term fetal sheep (0.85 gestation) received 30 min of carotid artery occlusion. Two peptide infusion protocols were 
performed to block Cx43 hemichannels. Peptide was either infused into the lateral ventricle for 60 min starting from 90 
min after ischemia or the same 60 min infusion followed by a further low dose infusion for 24 hours. Mimetic peptide 
infusion was associated with a graded improvement in EEG recovery, with greater EEG improvement after the longer 
peptide infusion. This recovery was significant from 5 days post-insult until sacrifice at 7 days. Both peptide infusion 
protocols were associated with a significant reduction in total duration of seizures after ischemia and an earlier return to 
sleep state cycling patterns compared to animals that did not receive peptide. These functional improvements were 
associated with a trend towards increased neuronal survival after the long peptide infusion but not the short infusion. 
Post-ischemic blockade of Cx43 hemichannels was associated with improved recovery of EEG power and sleep state 
cycling as well as a reduction in seizure activity consistent with improved neuronal outcome. This strongly suggests a 
role for Cx43 hemichannels in the early propagation of secondary brain injury. 
 

 
RESOLVING THE STRUCTURAL BASIS OF CARDIAC EXCITATION-CONTRACTION COUPLING 

Isuru D. Jayasinghe, David Baddeley, David J Crossman, Mark B Cannell, Christian Soeller 
Department of Physiology, University of Auckland, Auckland. 
 
Calcium (Ca2+) induced release of Ca2+ from the sarcoplasmic reticulum (SR) forms the basis of excitation-contraction 
(EC) coupling in cardiac myocytes. Termini of the SR are located near z-lines and form junctions with the sarcolemmal 
membrane and its invaginations known as t-tubules. Clusters of ryanodine receptors (RyR) residing within these 
junctions are responsible for SR Ca2+ release. Sarcolemma and t-tubules contain L-type Ca2+ channels and Na+/Ca2+ 
exchanger (NCX) proteins that may provide effective Ca2+ trigger currents if placed close to junctional RyRs. We have 
investigated the relative location of these proteins in rat cardiac myocytes using a novel protocol of 
immunofluorescence confocal microscopy which allowed us to observe the architecture of SR and t-tubules in rat 
ventricular myocytes with previously unattained detail. This method revealed a subset of RyR clusters that were 
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apparently not in junctions. Improved co-localization analysis methods were applied to quantify the co-localization of 
trigger proteins with clusters of RyR in the cell interior and near the surface. Imaging of the sarcomeric protein, α-
actinin, with the same confocal protocol revealed that z-disks are non-planar and often arranged in helicoids that 
occupied large regions within the cell. This effectively reduces the axial spacing between Ca2+ release sites and may 
improve the synchrony in the activation of contraction. Super-resolution images obtained through single fluorophore 
localization microscopy allowed resolving protein arrangement near the cell surface at ~20 nm resolution. These images 
were used to quantify the highly variable morphology of RyR clusters that may underlie the variability in localized Ca2+ 
release events. At this much higher resolution we re-evaluated if junctional NCX could participate in evoking Ca2+ 
release and discovered that a protein implicated in junction formation, junctophilin, was strongly associated with the 
RyR cluster geometry, underscoring its putative role in junction formation. These new structural insights will be 
discussed with respect to the role of junctional Ca2+ signaling and the consequences for cardiac EC coupling. 
 

 
Session 4A: 
 

 
4A.1 A PEPTIDE MIMETIC OF THE CONNEXIN43 CARBOXYL-TERMINUS (CT) REDUCES GAP 

JUNCTION REMODELING AND ARRHYTHMIAS FOLLOWING VENTRICULAR INJURY 

Robert G Gourdie, Michael P O’Quinn, Joseph A Palatinus, Kenneth W Hewett 
Department of Regenerative Medicine and Cell Biology, MUSC, Charleston, SC, USA  
 
The gap junction (GJ) is critical to conduction of cardiac action potential and a stable heart beat.  Pathological 
remodeling of connexin43 (Cx43) GJs is linked to electrical arrhythmias. Remodeling of GJs is determined partly by 
Cx43 interaction with the actin-binding protein Zonula-Occludens-1 (ZO-1). Increases in ZO-1 interaction with Cx43 
have been shown in patients with arrhythmic disease of the heart. We previously reported the generation and 
characterization of αCT1 - a peptide mimetic of the Cx43 CT, which incorporates the Post-synaptic-density/Disks-
large/ZO-1-(PDZ)-binding domain of Cx43. In this earlier work, αCT1 was found to reduce ZO-1 interaction with Cx43 
and decrease GJ size remodeling in vitro. In the present study our aims were to determine: 1) Whether αCT1 altered GJ-
remodeling following ventricular injury in vivo; 2) If αCT1 affected arrhythmic propensity; and 3) The mechanism of 
αCT1 effects on arrhythmogenicity and GJ-remodeling. To achieve these objectives a cryoinjury model generating 
reproducible wounds and injury border zones-(IBZ) in the left ventricle (LV) was used. Adherent methylcellulose 
patches formulated to locally release αCT1 were placed on cryoinjuries. Relative to controls, Cx43/ZO-1 colocalization 
in the IBZ was reduced by αCT1 24-hrs post-injury. M-mode echocardiography, programmed electrical stimulation ex 

vivo and optical mapping of voltage-transients indicated that peptide-treated hearts showed decreased systolic and 
diastolic dilation, reduced inducible-arrhythmias and increased ventricular depolarization rates 1-wk post-injury. At 24-
hrs and 1-wk post-injury, αCT1-treated hearts maintained Cx43 in intercalated disks-(ID) in the IBZ, whereas by 1-
week post-injury controls demonstrated Cx43-remodeling from disks to lateralized distributions. Over a post-injury 
time-course of 1-wk, αCT1-treated IBZs showed increased Cx43 phosphorylation at serine368-(Cx43-pS368) relative to 
controls. In biochemical assays, αCT1 promoted phosphorylation of serine368 by PKC-ε in a dose-dependent manner 
that was modulated by, but did not require PDZ2. It is concluded that αCT1 increases Cx43-pS368 in vitro in a PKC-ε 

dependent manner and in IBZ in vivo acutely following LV injury. αCT1-mediated increases in Cx43-pS368 may 
contribute to reductions in inducible-arrhythmia following injury via a PKC-ε dependent mechanism. As PKC-ε is a 
mediator of ischemic preconditioning, αCT1 may function to pharmacologically induce a cardioprotective pre-
conditioned state. 
 

 
4A.2 INCREASED CALCIUM LEAK ALONE IS NOT SUFFICIENT TO CAUSE ARRHYTHMIA 

SR Wayne Chen1, Ruiwu Wang1, Robert B Clark2, Qiang Zhou1 and Peter P Jones1,3  
1Departments of Physiology and Biophysics, Libin Cardiovascular Institute of Alberta, and 2Institute of Kinesiology, 
University of Calgary, Calgary, Canada. 3Department of Physiology, University of Otago, Dunedin, New Zealand.   
 
Mutations of the cardiac ryanodine receptor (RyR2) are known to lead to arrhythmia due an increase in Ca leak under 
stress. In this study we generated a transgenic mouse line expressing an arrhythmogenic mutant form of RyR2; R4496C. 
We show that, under stress conditions, isolated myocytes from R4496C+/- mice display high levels of Ca leak, in the 
form of Ca waves, due to store overload induced Ca release (SOICR). ECG recordings from R4496C+/- mice during 
stress show that this increased Ca leak is linked to an increase in delayed after-depolarizations and arrhythmia. In order 
to determine the effect of store overload on R4496C+/- mice in the absence of stress (no β-adrenergic 
stimulation/increased phosphorylation) we created a phospholamban (PLB) knockout variant of R4496C+/-; PLB-/-

R4496C+/-. PLB-/- mice have been previously shown to have an increased Ca store at rest.  The chronically increased 
store in these mice coupled with an increase in SOICR was expected to cause arrhythmia in the mice at rest. However, 
to our surprise ECG recordings from PLB-/-R4496C+/- mice at rest showed no arrhythmia. Moreover, monitoring their 
response to stress showed that removal of PLB from R4496C+/- mice was protective against stress induced arrhythmia. 
Imaging of isolated myocytes under physiological and Ca overload conditions showed that PLB removal from 
R4496C+/- mice increased the SR load and leak as expected, but prevented the genesis of typical Ca waves; resulting in 
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the formation of uncoordinated Ca ‘wavelets’. Membrane potential measurements of the same cells showed that 
removal of PLB also prevented Ca-overload induced membrane depolarizations.  Recapitulation of normal Ca waves in 
PLB-/-R4496C+/- myocytes by the addition of the SERCA inhibitor tBHQ (to mimic the presence of PLB) resulted in 
Ca-overload induced membrane depolarization consistent with PLB+/+R4496C+/- littermate control mice. These data 
suggest that the mutation R4496C leads to arrhythmia by increasing SOICR and the propensity of Ca waves.  They also 
imply that increasing Ca store load and leak without generating Ca waves is insufficient to cause arrhythmia and that 
the distribution and longevity of cytosolic Ca rather than the magnitude of Ca leak may be the determining factor of 
arrhythmia. 
 

 
4A.3 MULTICOLOUR 3D OPTICAL SUPER-RESOLUTION IMAGING  

David Baddeley, D Crossman, J Cheyne, ID Jayasinghe, S Rossberger, CHT Kong, J Montgomery, MB Cannell, C 
Soeller 

Department of Physiology, University of Auckland 
 
Recently established techniques based on the switching and localisation of single fluorescent molecules allow the 
diffraction limit to be circumvented and permit imaging with a resolution approximately 10x better than that of a 
conventional light microscope. We have developed a variant of this technique using conventional dyes in the near 
infrared which is substantially simpler than the original methods which relied on specialised photo-switchable probes. 
Using this method we have already shown that the size and structure of cardiac Ryanodine receptor clusters differs 
substantially from the previous estimates obtained using confocal and thin-sectioned electron microscopy. Here we 
detail the extension of our method to multiple colours, and to true 3-dimensional super-resolution. We illustrate the 
utility of this approach by investigating the structure and distribution of the molecular machinery responsible for cardiac 
excitation contraction coupling. An important advancement is the ability to look at thin tissue samples which enabled 
the investigation of human cardiac tissue samples at extremely high resolution. To our knowledge, this is the first time 
that super-resolution methods have been successfully applied to clinical samples. Finally, we will present an application 
of our multi-colour 3D technique to characterize proteins implicated in synaptic plasticity. 
 

 
4A.4 DOES THIS COLLAGEN MAKE MY HEART LOOK BIG? QUANTIFYING REGIONAL CARDIAC 

FUNCTION AND COLLAGEN ORGANISATION FOLLOWING MYOCARDIAL INFARCTION 

Leonard BL, Smaill, BH, LeGrice IJ  
Dept of Physiology and Auckland Bioengineering Institute, University of Auckland, New Zealand.  
 
Following myocardial infarction (MI), the left ventricle (LV) undergoes structural remodelling in an attempt to maintain 
function. However, the understanding of the relationship between structural remodelling and mechanical function is 
incomplete. We propose that changes in myocardial deformation, as evidenced by changes in end-diastolic to end-
systolic strain in the non-infarcted regions of the heart, will lead to structural remodelling including changes to 3D 
collagen organisation in those regions. To investigate this we have used magnetic resonance imaging to measure 
regional circumferential and radial strain throughout the ventricles and throughout the cardiac cycle in rats before, and 
17 or 35 days after anterior LV MI. We have also investigated regional 3D organisation of collagen in the same hearts 
using extended-volume confocal microscopy. Analysis of MRI data shows there is increased deformation in the 
interventricular septum post MI. Parallel investigation of the structural changes occurring in this same region does not 
reveal dramatic global structural reorganisation of the myocardium. However we are currently carrying out 
quantification of collagen parameters such as: density and form, linearity, laminarity and connectedness to determine if 
more subtle changes in myocardial architecture are occurring.  
Investigating linkages between myocardial structure and function and how they vary regionally throughout the heart 
may assist in understanding the differences in tissue remodelling responses thus providing a potential target for 
treatment of adverse remodelling in MI-induced myocardial failure. 
 

 
4A.5 ROLE OF RHO-KINASE SIGNALING IN MODULATING BLOOD FLOW DISTRIBUTION IN 

PULMONARY HYPERTENSION 

Daryl O Schwenke1, James T Pearson2, Kenji Kangawa3, Keiji Umetani4, Takashi Sonobe5, Mikiyasu Shirai5. 
1Department of Physiology, University of Otago, Dunedin, New Zealand. 2Department of Physiology, Monash 
University, Melbourne, Australia, 3Director, National Cardiovascular Center Research Institute, Suita, Osaka, Japan, 
4Japan Synchrotron Radiation Research Institute, Hyogo, Japan, 5Department of Cardiac Physiology, National Cerebral 
and Cardiovascular Center Research Institute, Suita, Osaka, Japan  
 
Rho-kinase-mediated vasoconstriction is considered a primary instigator of pulmonary arterial hypertension (PAH). 
However, its contribution to the adverse changes in pulmonary blood flow distribution associated with PAH has not 
been addressed. In this study we utilize synchrotron radiation microangiography to assess the specific role of Rho 
kinase-mediated vasoconstriction in PAH. Male adult Sprague-Dawley rats were injected with saline (Cont-rats) or 
monocrotaline (MCT-rats) three weeks before microangiography was performed on the left lung. Dynamic changes in 
vessel internal diameter (ID) were assessed in response to the Rho-kinase inhibitor, fasudil (10 mg/kg, i.v.). We 



 41

observed that MCT-rats had fewer vessels of the microcirculation compared to Cont-rats. Importantly, fasudil improved 
pulmonary blood flow distribution and reduced pulmonary pressure in PAH rats, not only by dilating already-perfused 
vessels (ID >100 µm), but also by restoring blood flow to vessels that had previously been constricted closed (ID <100 
µm). These results highlight the specific regional dysfunction of the Rho kinase-mediated control of pulmonary 
vascular tone in PAH.  
 

 
Session 4B:  
 

 
4B.1 DO LEPTIN-SENSITIVE GABA NEURONS CONVEY METABOLIC SIGNALS TO GNRH NEURONS? 

Rachael A Augustine, WA Zuure, PA Cornes, JH Quennell, GM Anderson 
Department of Anatomy & Structural Biology and Centre for Neuroendocrinology, University of Otago, Dunedin.  

 
The hormone leptin acts to convey information regarding peripheral energy stores to the gonadotrophin-releasing 
hormone (GnRH) neurons, which govern the hypothalamic-pituitary-gonadal axis. GnRH neurons do not have leptin 
receptors, so leptin must act via an indirect pathway to modulate GnRH release. GABA neurons have leptin receptors 
and inhibit GnRH release and are a possible intermediary neuronal population in this process. To address this we: (1) 
investigated whether leptin was required for hypothalamic GABAergic synthetic activity, (2) determined whether 
GABA neurons are directly responsive to leptin and (3) assessed leptin effects on GABA terminals opposing GnRH 
neurons. Gene expression for hypothalamic GABA synthesizing and degrading enzymes (GAD 1 & 2 and GABA-T) 
were quantified in micropunched hypothalamic brain regions from leptin-deficient ob/ob and wildtype control mice 
using qRT-PCR. In the ventral premamillary nucleus (PMV; a key area in the regulation of fertility by leptin) there was 
a two-fold increase in GAD 1, GAD 2 and GABA-T mRNA in leptin-deficient female (but not male) mice compared 
with wild-type animals (P<0.05). Fluorescent double-label immunohistochemistry was used to identify GAD2-GFP 
neurons and pSTAT3 (a nuclear marker of leptin signalling) in leptin-injected GAD2-GFP mice to identify if leptin acts 
directly on GABA neurons in discrete hypothalamic nuclei. Preliminary results show less than 1% of GFP-positive 
neurons were colocalized with pSTAT3 in the anterior periventricular and arcuate nuclei of male mice. Fluorescent 
immunohistochemistry for VGAT (labels GABA terminals) and GnRH was also carried out and confocal microscopy 
performed to assess the number of contacts made by GABA terminals on the cell bodies of GnRH neurons from leptin-
deficient and wild type animals. Numerous contacts were observed and data analysis is still in process. These data are 
consistent with the hypothesis that GABA neurons in the PMV relay leptin signals to GnRH neurons to enable 
metabolic regulation of fertility. 
Supported by: the Health Research Council of New Zealand. 
 

 
4B.2 DEVELOPMENT OF HYPOTHALAMIC INSULIN RESISTANCE DURING PREGNANCY 

SR Ladyman, DR Grattan 
Department of Anatomy and Structural Biology, and Centre for Neuroendocrinology, University of Otago 
 
Insulin is secreted by the pancreas and plays a major role in peripheral glucose metabolism. During pregnancy food 
intake is increased and glucose metabolism undergoes marked changes to adapt to the increased demand of the fetus for 
glucose. Glucose production is increased and peripheral insulin resistance reduces glucose uptake into most maternal 
tissues, whereas glucose uptake of the placenta and fetal tissue is high. Insulin also acts centrally to suppress appetite 
and regulate glucose metabolism.  The aim of the current study was to investigate if central insulin signaling is 
suppressed during pregnancy.  Day 14 pregnant and nonpregnant rats with a surgically implanted cannula in the lateral 
ventricle were injected with either insulin (10mU in saline) or vehicle (saline) and killed approximately 35 minutes 
later.  Brains were rapidly removed and frozen.  Coronal sections (300 microns) were cut and various hypothalamic 
nuclei were dissected using a micropunch technique.  Tissue was then processed for western blot analysis of 
phosphorylated Akt (ser 473) and total Akt protein levels.  In the arcuate nucleus and ventromedial nucleus of the 
hypothalamus insulin increased phosphorylated Akt in both pregnant and nonpregnant rats, however this response was 
significantly reduced in the pregnant rats compared to the nonpregnant rats.  These data indicate that central insulin 
signaling is altered during pregnancy in the arcuate nucleus and ventromedial nucleus of the hypothalamus.  This state 
of hypothalamic insulin resistance during pregnancy may be an adaptive response that contributes to increased food 
intake and changes in glucose metabolism during pregnancy. 
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4B.3 A CALCIUM CASIENATE-ENRICHED DIET THROUGHOUT PREGNANCY INCREASES 

MATERNAL NEUROGENESIS DURING PREGNANCY AND PREVENTS ANXIETY POSTPARTUM IN 

MICE 

CM Larsen, DR Grattan 
Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, University of Otago, Dunedin. 
 
Postpartum, there is an increased incidence of pathological anxiety, seriously impacting on at least 10-15% of women. 
In mice, suppression of prolactin-induced SVZ maternal neurogenesis during early pregnancy causes postpartum 
anxiety, providing a model to explore mechanisms underlying postpartum anxiety. The aim of this study was to assess a 
dietary intervention that might protect against postpartum anxiety.  Because increased serotonergic activity is associated 
with decreased anxiety and is permissive of increased prolactin release, we hypothesised that enhanced serotonergic 
activity might overcome the effects of low prolactin and prevent post partum anxiety. Alpha-lactalalbumin contains the 
highest naturally occurring ratio of tryptophan to other amino acids, the rate limiting substrate for serotonin synthesis. 
Hence, pregnant mice were fed ad-libitum a diet rich in alpha-lactalalbumin (AL), a control diet containing casien 
casienate (CC) or a standard mouse chow diet (Std) (AL 190g/kg, 91% protein, protein content 17.3%; CC 200g/kg, 
88% protein, protein content 17.3 % ; diets contained identical amounts of other ingredients). Day 1 pregnant mice were 
exposed to female pheromones throughout pregnancy, a physiological manipulation that decreases prolactin and 
induces postpartum anxiety. Control animals had no pheromone exposure. In separate groups of mice levels of the 
following were assessed; prolactin, pregnancy day 3; neurogenesis, pregnancy day 7; anxiety, postpartum day 2. 
Pheromone-exposed AL mice were not significantly different from pheromone-exposed Std (anxious) mice in any of 
the measured criteria. Surprisingly, however, in pheromone-exposed CC mice, maternal neurogenesis on pregnancy day 
7 was normal, and postpartum anxiety prevented. This was not due to any changes in prolactin levels, which were not 
significantly different from Std or AL pheromone-exposed mice. These surprising data suggest that a diet rich in the 
milk protein calcium caseinate throughout pregnancy increases maternal neurogenesis during pregnancy, independent of 
prolactin levels, preventing anxiety in a model of postpartum anxiety induced by low prolactin during early pregnancy. 
 

 
4B.4 GABA REGULATES THE ACTIVITY OF GnRH NEURONS VIA GABAB RECEPTORS 

Xinhuai Liu and Allan Herbison 
Centre for Neuroendocrinology and Department of Physiology, University of Otago School of Medical Sciences, 
Dunedin, New Zealand 
 
GABA is a dominant inhibitory neurotransmitter in hypothalamus and plays an important role in the regulation of 
GnRH neuron activity. Its actions are mediated by either ionotropic receptors (GABAA and GABAC) or metabotropic 
(GABAB) receptors. In this study, the GABAB receptor-mediated actions on GnRH neurons were examined by using 
electrophysiology in brain slices prepared from GnRH-GFP transgenic mice. To test GABAB receptor-mediated actions, 
baclofen (10 µM) was bath-applied. Out of 65 GnRH neurons, 14 (~22%) cells responded to baclofen (10 µM) with 
only outward currents (IGABAb, 8.5±0.9pA) that were not blocked by TTX and accompanied by an decrease (12.9±2.1%) 
in input resistance, suggesting those GnRH neurons express GABAB receptors. In 28 (~44%) GnRH neurons, baclofen 
only reduced the amplitude of synaptic currents (SCs) induced by electrical stimulation of the AVPV (anteroventral 
periventricular nucleus) but without inducing IGABAb, suggesting that AVPV inputs to GnRH neurons have presynaptic 
GABAB receptors while these GnRH neurons have no GABAB receptors. In another 14 (~22%) cells, baclofen induced 
IGABAb (9.4±1.2pA) and at same time reduced the amplitude of SCs, indicating that baclofen can modify the excitability 
of those cells via both postsynaptic and presynatic GABAB receptors. The remaining 9 (14%) GnRH neurons did not 
respond to baclofen. Further analysis demonstrated that the amplitude of IGABAb were similar in males (7.8±1.2, n=5) 
and females across estrous cycles (estrus: 12±2.8pA, n=6; diestrus: 10±3.9pA, n=5; proestrus: 8.5±1.3pA, n=12). 
However, the percentage of baclofen-induced decreases in the amplitude of SCs was lower (36±11%, n=4, P<0.05, 
ANOVA) in cells from diestrus mice compared with males (75±5%, n=19) and estrus (79±4%, n=14) and proestrus 
(74±6%, n=5) mice. In conclusion, GABA regulates GnRH neuron excitability via presynaptic and/or postsynaptic 
GABAB receptors in a cell-dependent manner, which may further be regulated by gonadal steroids. 
 

 
4B.5 ESTROGEN ACTIVATION OF KISSPEPTIN EXPRESSION DURING PUBERTAL 

DEVELOPMENT IN MALE AND FEMALE MICE 

J Clarkson, AE Herbison.   
Centre for Neuroendocrinology, Department of Physiology, University of Otago 
 
Kisspeptin and its G-protein coupled receptor, GPR-54, are essential for pubertal maturation with Gpr54 mutations 
resulting in failed puberty and infertility in humans and mice. We recently demonstrated that the number of 
kisspeptin-immunoreactive (IR) neurons in the rostral periventricular area of the third ventricle (RP3V) increases 
throughout pubertal development.  The mechanism by which the number of RP3V neurons that express kisspeptin 
increases throughout pubertal development is not known.  The present series of experiments investigated the role of 
estrogen in the upregulation of kisspeptin peptide expression in the RP3V during pubertal development.  Male and 
female C57BL/6J mice were gonadectomised (GDX) or sham GDX on either postnatal day (P) 15 or 20 when the 
number of kisspeptin-IR neurons in the RP3V of both sexes is low.  Mice were then were anesthetized and 
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perfusion-fixed with 4% paraformaldehyde between P30 and P60.  Some GDX mice had estrogen or testosterone 
capsules implanted for 7 days between P15 and P40.  Adult female C57BL/6J/J129 aromatase knockout (ArKO) 
mice and wildtype littermates were also used to investigate the role of estrogen in the induction of kisspeptin 
expression in the RP3V during pubertal development.  Without a functional aromatase enzyme ArKO mice are 
incapable of synthesizing estrogens.  Single-label chromagen immunocytochemistry for kisspeptin-10 was 
performed on 30µm free-floating sections.  In sham treated mice, kisspeptin-IR cell bodies were identified as 
reported previously in the RP3V and arcuate nucleus.  There were 60-90% fewer kisspeptin-IR neurons in RP3V of 
the mice that were GDX compared with sham mice (P < 0.05).   The decrease in the number of RP3V kisspeptin-IR 
neurons with GDX was reversed with estrogen or testosterone treatment (P < 0.05) compared to GDX.  There were 
normal numbers of kisspeptin-IR neurons in the RP3V of ArKO wildtype mice but no kisspeptin-IR neurons in the 
ArKO mice (P < 0.001) indicating that all kisspeptin neurons in the RP3V require estrogen for the induction of 
kisspeptin-10 expression.  These results demonstrate that kisspeptin neurons in the RP3V are dependent upon 
estrogen for induction of kisspeptin-10 expression during pubertal development in both sexes.   
 

 
4B.6 COMPARISON OF THE EFFECTS OF FOOD DEPRIVATION AND INSULIN ON THE SYNTHESIS 

OF PROTEINS IN MAMMARY CELLS 

Kevin W Stewart1, GJS Cooper2, SR Davis3  
1School of Science & Primary Industries, Waikato Institute of Technology, 2School of Biological Sciences, 
University of Auckland, 3Vialactia Biosciences (NZ) Ltd., Auckland. 
 
The level of milk production is closely linked to food availability in most mammals, including rodents. Previous studies 
have observed that changes in milk production parallel changes in blood insulin concentration, leading to speculation 
that insulin may be the primary regulator of nutritionally induced adjustments in mammary metabolism. In this study, 
mammary acini were isolated from normally fed and 18 h food-deprived lactating rats. Acini were treated with insulin 
and 2-D gel electrophoresis was used to compare the effects of food availability and insulin on the expression of 864 
intracellular proteins (n=6). The expression of 26 proteins was found to be altered by insulin but only 7 were altered by 
overnight food deprivation. Proteins identified include enzymes involved in glycoprotein folding, lipid synthesis, 
mitochondrial metabolism, and cell protection. The regulation of most of these proteins has not previously been linked 
to food intake or insulin administration. The disparity in the effects of food availability and insulin on protein 
expression and the greater number of proteins determined to be affected by insulin suggests that they do not share the 
same mechanisms to regulate mammary metabolism.  
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5A.1 RECENT MAJOR CHANGES IN COMPLEX DISEASE RESEARCH  

Chris Jenkinson 
Audie L. Murphy Memorial Veterans Hospital, San Antonio, Texas 
 

 
5A.2 METABOLIC SYNDROME ALTERS CARDIORENAL EXPRESSION OF METABOLIC RISK LOCI 

GENES 
Nicola JA Scott1, Vicky A Cameron1, A Mark Richards1, Evan R Simpson2, Leigh J Ellmers1.  
1Christchurch Cardioendocrine Research Group, Department of Medicine, University of Otago, Christchurch, New 
Zealand. 2 Prince Henrys’ Institute of Medical Research, Victoria, Australia. 
 
Metabolic syndrome is a cluster of physiological and metabolic abnormalities resulting in an increased risk for the 
development of type-2 diabetes and cardiovascular disease. Genome-wide association studies (GWAS) have identified 
several loci for risk of type-2 diabetes. We have investigated the expression of eight genes identified by GWAS of 
metabolic disease risk in a mouse model of the metabolic syndrome (MetS-Tg). Compared to WT controls, at 3 and 12-
months of age respectively, MetS-Tg mice displayed increased expression of IGF2BP2 in kidney (1.25 fold, p=ns; 1.55 
fold, p<0.001), heart (1.18 fold, p=ns; 1.82 fold, p=0.016) and skeletal muscle (3.25 fold, p=0.0008; 6.37 fold, 
p<0.001). Additionally, kidney PPARγ (3.0 fold, p<0.001; 2.59 fold, p=0.0007), kidney HHEX (1.30 fold, p=0.012; 
2.62 fold, p<0.0001) and skeletal HHEX (1.25 fold, p=0.008; 1.20 fold, p=0.018) expression was also significantly 
increased. Whereas KCNJ11 expression was significantly down-regulated in the kidney (1.57 fold, p=0.0003; 1.97 fold, 
p<0.001) and liver (1.77 fold, p=0.009; 11.8 fold, p=0.0008) of Met-Tg mice. Animals were followed for 3- or 12 
months (n=8 per age group). Total RNA was extracted from heart, kidney, liver and skeletal muscle (vastus lateralis) 
and cDNA synthesized. Expression of the CDKAL1, FTO, glucokinase, GCKR, HHEX, IGF2BP2, KCNJ11 and 
PPARγ genes was investigated using a custom RT-PCR array (SA Biosciences). GWAS have highlighted the 
interaction of loci conferring genetic risk of developing type-2 diabetes and disease development, in this study we have 
demonstrated a relationship between metabolic syndrome and tissue specific expression changes of these high-risk 
genes. 
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5A.3 COMPARISON OF RATES OF DIAGNOSED AND UNDIAGNOSED CARDIOVASCULAR DISEASE 

AND ITS RISK FACTORS AMONG MĀORI AND NON-MĀORI COMMUNITIES IN NEW ZEALAND. 

Allamanda Faatoese1, Matea Gillies2, Paul Robertson2, Rob Doughty4, Gillian Whalley5, Mark Richards1, Richard 
Troughton1, Elisabeth Wells3, Ian Sheerin3, Suzanne Pitama2, Vicky Cameron1 
1Christchurch Cardioendocrine Research Group, 2Maori Indigenous Health Institute and 3Department of Public Health, 
University of Otago, Christchurch, 4Department of Medicine, University of Auckland, 5Department of Medical 
Imaging, Unitec, Auckland. 
 

Māori have the highest rates of cardiovascular disease (CVD) mortality and morbidity in New Zealand. The Hauora 
Manawa/Community Heart Study compared levels of diagnosed and previously undiagnosed cardiovascular disease 
(CVD), diabetes, and CVD risk factors across a total of 252 rural Māori, 243 urban Māori and 256 non-Māori urban 
participants, aged 20 – 64 years and randomly selected from electoral rolls. Participants attended a screening clinic that 
included documentation of personal and family medical history, blood pressure, height, weight, BMI, fasting lipid 
profiles, insulin, glucose, HbA1c, core biochemistry, ECG and echocardiography. Confirmation of prior diagnoses was 
obtained from primary care physicians. Chi-square tests and analysis of variance were used to determine statistical 
significance. Mean age of participants was 45.7±0.7 vs 42.6±0.7 vs 43.6±0.7 years (p=0.009) in rural Māori, urban 
Māori and non-Māori participants respectively. Gender distribution was similar across the cohorts (40.5% male vs 
45.3% male vs 48.8% male, p=0.165). Rates of previously diagnosed cardiac disease reported across the three cohorts 
were 7.5% vs 5.8% vs 2.8% (p=0.055). Rates of previously diagnosed type-2 diabetes were highest in the rural Māori 
community (10.7% vs 3.7% vs 2.4%, p<0.0001), as were previously diagnosed hypertension (25.0% vs 14.9% vs 
10.7%, p<0.0001) and treated dyslipidemia (15.5% vs 7.0% vs 3.1%, p<0.0001). At screening, new cases of previously 
undiagnosed hypertension (22.2% vs 23.5% vs 17.6%, p=0.233) and dyslipidemia (42.1% vs 54.3% vs 42.2%, p=0.007) 
were identified. A gradient of risk factors were also observed across the three cohorts in rates of current smoking 
(42.5% vs 30.5% vs 15.2%, p<0.0001), age-adjusted BMI (30.5±0.4 vs 29.3±0.4 vs 26.1±0.4 kg/m2, p<0.0001), systolic 
blood pressure (130.4±1.0 vs 129.5±1.0 vs 124.8±1.0 mmHg, p<0.0001) and diastolic blood pressure (85.2±0.7 vs 
86.9±0.7 vs 83.2±0.7 mmHg, p=0.002). Running against this trend were total:HDL-cholesterol ratios (4.3±0.1 vs 
4.4±0.1 vs 4.2±0.1, p=0.081). This study highlights the high rates of diagnosed and undiagnosed cardiovascular risk 
factors in a rural Māori community. 
 

 
5A.4 MONITORING OF HEART FAILURE: COMPARISON OF LEFT ATRIAL PRESSURE WITH 

INTRATHORACIC IMPEDANCE AND NATRIURETIC PEPTIDE MEASUREMENTS IN AN 

EXPERIMENTAL MODEL OF OVINE HEART FAILURE 

Miriam Rademaker1, Chris Charles1, Iain Melton1, Mark Richards1, Chris Frampton1, Jeff Siou2, Fujian Qu2, Neal 
Eigler2, Dan Gutfinger2, Richard Troughton1 
1Christchurch Cardioendocrine Research Group, University of Otago, Christchurch. 2St Jude Medical, Cardiac Rhythm 
Management Division, Sylmar, CA, USA.  
 
Monitoring of heart failure (HF) with intracardiac pressure, intrathoracic impedance and/or natriuretic peptide levels has 
been advocated. We aim to investigate possible differences in the response patterns of each of these monitoring 
modalities during HF decompensation that may impact the potential for early therapeutic intervention. Six sheep were 
implanted with a left atrial pressure (LAP) sensor and a cardiac resynchronization therapy defibrillator (CRT-D) 
capable of monitoring impedance along six lead configuration vectors. An estimate of LAP from admittance (ALAP) was 
determined by linear regression. HF was induced by rapid ventricular pacing at 180bpm and 220bpm for a week each, 
followed by a third week with daily pacing suspensions for increasing durations (1-5hours). Incremental pacing induced 
progressively severe HF reflected in increases in LAP (5.9+0.4 to 24.5+1.6mmHg) and plasma atrial (20+3 to 
197+36pmol/L) and B-type natriuretic peptide (3.7+0.7 to 32.7+5.4pmol/L)(all p<0.001) levels. All impedance vectors 
decreased in proportion to HF severity (all p<0.001), with the LVring-case vector correlating best with LAP (r2=0.63, 
p<0.001). Natriuretic peptides closely paralleled rapid acute changes in LAP during alterations in pacing (p<0.001), 
whereas impedance changes were delayed relative to LAP. ALAP exhibited good agreement with LAP. In summary, 
impedance measured with an LV lead correlates significantly with changes in LAP, but exhibits a delayed response to 
acute alterations. Natriuretic peptides respond rapidly to acute LAP changes. Direct LAP, impedance and natriuretic 
peptide measurements all show promise as early indicators of worsening HF. ALAP provides an estimate of LAP that 
may be clinically useful. 
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5A.5 THE INFLUENCE OF SYSTEMIC SYMPATHIC ACTIVITY ON CEREBRAL PERFUSION AT REST 

AND DURING EXERCISE: ALTERATIONS WITH AGEING  

Samuel JE Lucas1,2, Kate N Thomas1,2,3, Sean D. Galvin3, Philip N Ainslie1,4  
1Department of Physiology and 2School of Physical Education and 3Department of Medical and Surgical Sciences, 
University of Otago. 4Department of Health and Human Kinetics, Faculty of Health and Social Development, 
University of British Columbia Okanagan, Kelowna, British Columbia, Canada.  
  
Cerebral blood flow (CBF) is regulated by several factors, including arterial PCO2 and arterial blood pressure (BP). To 
a lesser extent, CBF may also be influenced directly or indirectly by changes in cardiac output and sympathetic nerve 
activity (SNA). The cardiovascular mechanisms responsible for maintaining MAP are altered with age, with older 
individuals more reliant on increased vascular resistance whereas younger individuals rely on cardiac adaptations to 
control MAP. Given that SNA is known to be an important regulator of MAP via its effect on peripheral vascular 
resistance and cardiac output, we examined the effect of age on the influence of systemic sympathetic activity on 
regulating cerebral perfusion at rest and during exercise. Eight younger (aged: 26 ± 5 y) and eight older (aged: 56 ± 3 y) 
participants were tested while resting supine and during a 10-min exercise test (at 50% HRR) before (control) and 90 
min after the administration of selective α1-blockade with Prazosin (1 mg/20 kg body weight). Steady-state measures of 
blood flow velocity in the middle cerebral artery (MCAv, Transcranial Doppler); MAP and cardiac output (Finometer); 
heart rate (HR, ECG), and end-tidal carbon dioxide (PETCO2) were obtained at rest and during exercise (min 5-6). At 
supine rest, α1-adrenoreceptor blockade decreased MAP by the same extent (~15 mm Hg; P<0.01) in both younger and 
older participants (group effect: P=0.47). During exercise in the control, MAP increased from rest for both younger (by 
15 mm Hg) and older (by 25 mm Hg) participants (exercise effect: P<0.01; group effect: P=0.26). Following blockade, 
however, exercise-induced elevations in MAP were abolished in the young (71 vs. 73 mm Hg, rest and exercise, 
respectively; P=0.66), whereas the blockade did not alter the exercise-induced MAP change in the old (79 to 99 vs. 98 
to 121 mm Hg, blockade and control respectively; P=0.39). Following blockade, MCAv was reduced (P<0.01) for both 
young and old at rest [74 to 65 cm·s-1 (young) and 56 to 46 cm·s-1 (old)] and during exercise [94 to 65 cm·s-1 (young) 
and 66 to 50 cm·s-1 (old)]. Interestingly, the older group maintained their exercise-induced increase in MCAv (up 16% 
and 9%, control and blockade respectively; P=0.37), whereas this effect was abolished in the young (P=0.75 vs. rest). 
Exercise-induced increases in HR during the control were similar for young and old (P=0.31). Following blockade, this 
HR elevation was augmented in the young but unaltered for the old group (up 80 vs. 60 b·min-1, respectively; 
interaction effect: P<0.01). Exercise-induced reductions in total peripheral resistance (MAP/cardiac output) were 
smaller (P=0.03) in the older group (-34% vs. -47% (young) and 3 vs. -23% (old), control and blockade respectively). 
The reliance on α1 sympathetically driven vasoconstriction during exercise is critical in the young but seems to be a 
redundant mechanism in order to maintain MAP with advancing age. Regardless of the pathway, exercise-induced 
elevations in MAP with ageing would seem beneficial in the regulation of MCAv.  
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5B.1 A CELL CULTURE SYSTEM FOR LUNG EPITHELIAL FLUID TRANSPORT 

Yoko Kamotani1, Ana Basabas1,2, Vinod Suresh1,2 
1Auckland Bioengineering Institute and 2Department of Engineering Science, University of Auckland 
 
The thickness of the liquid layer lining the alveoli in the human lungs is tightly regulated by a careful balance 
between fluid secretion and absorption. Transport of sodium and chloride ions between the airspace and the 
interstitium via transcellular and paracellular pathways is a crucial element of this regulation. The aim of this 
work is to establish and characterise a model cell culture system for the study of coupled sodium and chloride 
transport in the lungs. The NCI-H441 cell line which has an alveolar epithelial-like phenotype and has 
previously been used to study fluid and ion transport was chosen for this study.  Cells were cultured on 
Transwell® inserts at an air-liquid or liquid-liquid interface in the presence or absence of dexamethasone and 
triiodothyronine. The ability of the cells to form functional barriers under different culture conditions was 
assessed by measuring trans-epithelial electrical resistance. Apparent permeability coefficients were determined 
by measuring the rate of transport of sodium fluorescin across the cells. The presence of a functional barrier was 
associated with expression of tight junction proteins. Air-liquid interface cultures with dexamethasone 
supplementation were found to be more representative of in vivo epithelial barriers.  
 

 
5B.2 BRONCHOCONSTRICTION AND THE MBNW: INSIGHTS FROM ANATOMICALLY-BASED LUNG 

MODELS 

Jennine Mitchell, Merryn Tawhai 
Auckland Bioengineering Institute, University of Auckland 
 
The multiple breath nitrogen washout (MBNW) is a global test of lung function that produces two indices, Sacin and 
Scond, that are reflective of ventilation heterogeneity arising at the level of the acinus, and between more spatially 
disparate regions of the lung, respectively. An important application of the MBNW is in the study of asthma.  
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Ventilation defects have been noted to occur in imaging studies of asthma, however they have not previously been 
considered in relation to the MBNW indices. Scond is purported to be related to the resistive state of the conducting 
airways, however no modelling studies exist which directly link airway resistance to Scond. In this work regional 
ventilation defects have been simulated in an anatomically based human lung model and theoretically linked to the 
MBNW indices Sacin and Scond. Ventilation is simulated to the level of the acinus. As indicated in previous modelling 
studies, a high degree of airway constriction is required to produce a ventilation defect. The relationship between the 
degree of constriction in airways leading to the defect and the Scond index is however highly non-linear and shows a 
sharp decrease at very high levels of constriction. Ventilation defects potentially cause non-communication with the 
mouth of gas trapped in the defect region. This may alter the calculation of functional residual capacity (FRC) if 
nitrogen dilution is used for its calculation. As the indices are dependent on the phase III slope for each breath being 
normalised by FRC, this alters the MBNW results. The index Scond is not be able to be explained simply in terms of 
increased time constants due to increased resistance in the main conducting airway tree. The model indicates that the 
Scond index is more complex than current MBNW theory indicates and cannot be simply explained in terms of a longer 
time constant due to constriction in the conducting airway tree resulting in increased late emptying of poorly ventilated 
regions. 
 

 
5B.3 MAPPING TUMOURS BETWEEN X-RAY MAMMOGRAPHY AND BREAST MRI 

Jaykumar Puthran1, Hayley M Reynolds1, Vijay Rajagopal1, Anthony Doyle2, Wayne Jones2, Poul M F Nielsen1,3, 
Martyn P Nash1,3  
1Auckland Bioengineering Institute, University of Auckland, 2Auckland City Hospital, 3Department of Engineering 
Science, University of Auckland.  
 
Imaging modalities such as x-ray mammography (most widely used) and magnetic resonance (MR) imaging are 
clinically used for accurate detection and diagnosis of breast cancer. Due to the differing physical properties and the 
breast deformation during these procedures, it is difficult to map tumour locations between mammograms and MR 
images. Hence, we have developed a biomechanical modelling framework to reliably do that. Computational breast 
models were created using finite element (FE) techniques by fitting a tricubic-Hermite hexahedral mesh to segmented 
data of the skin and rib boundaries from the MR images of patients at the Auckland City Hospital in New Zealand. 
Using finite elasticity and contact mechanics theory, mammographic compression was simulated for each breast model. 
The breast was assumed to be incompressible, homogeneous and isotropic; and the neo-Hookean constitutive relation 
was used to model the biomechanical properties. The interaction between the compression plates and the breast was 
represented by frictionless contact while the ribs and the posterior breast tissue interface was delineated by tied contact. 
Appropriate boundary conditions were used to restrict the breast tissue movement during compression. The locations of 
tumours on the mammograms as identified by the clinicians were compared with their positions in the 3D 
uncompressed and compressed breast models. This was done by matching mammogram skin contour to the outline of 
the models by rotating the mammogram about the nipple. Comparison results showed that the compressed breast 
models improved the prediction of tumour locations over the uncompressed ones. Clinical implementation of this 
method has significant potential to improve breast cancer detection. 
 

 
5B.4 AUTOMATED AMBULATORY BLOOD PRESSURE MEASUREMENT INSENSITIVE TO 

ARTEFACTS 
Lan1 H, Al-Jumaily1 AM, Lowe2 A.  
1Institute of Biomedical Technologies, Auckland University of Technology, Auckland, 2Pulsecor Limited, Auckland. 
 
Accurate blood pressure measurement is essential for the diagnosis and treatment of hypertension. The ambulatory 
blood pressure monitoring, which is based on oscillometric technique, is an accurate detection method for patients’ 
blood pressure monitoring; however, this accuracy can be jeopardized if arm movement during measurement is 
involved. This research focuses on developing a method to detect arm motions in terms of muscle movements and 
compensate for them in the final blood pressure measurements. During cuff based measurements, both blood pressure 
and muscle movement signals transfer to the arm surface through soft tissues in the form of skin strain changes. Based 
on a previously developed finite element model, three piezo film strain sensors were placed at positions of maximum 
strain above the patient’s biceps, triceps, and brachial artery to detect the arm motion signals. The experimental work 
indicates that the biceps and triceps sensors are more sensitive while the artery sensor is less sensitive to arm motion 
than to blood pressure signals. Using these three sensors an algorithm is developed to determine the arm motion/tremor 
and to compensate for it in order to obtain more accurate blood pressure measurements. 
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5B.5 MYOSIN AND ACTIN POLYMERIZATION AND DEPOLYMERIZATION IN LENGTH 

ADAPTATION OF AIRWAY SMOOTH MUSCLE – A MATHEMATICAL MODEL 

Ijpma G1, Al-Jumaily AM1, Cairns SP1, Sieck GC2. 
1 Institute of Biomedical Technologies, Auckland University of Technology, Auckland, New Zealand. 2 Department of 
Physiology and Biomedical Engineering, Mayo Clinic, Rochester, Minnesota, USA  
 
Length adaptation in airway smooth muscle (ASM) has been attributed to the reorganization of the cytoskeleton, 
particularly the contractile elements. The dynamic environment of ASM caused by breathing may inhibit full length 
adaptation. We propose a model that brings together findings on myosin and actin (de)-polymerization, partial length 
adaptation and force and shortening velocity to describe the continuous length adaptation process. In this model ASM 
adapts to an optimal force generating capacity in a repeating cycle of events. First the shorter myosin filament 
associates with two actin filaments. The actin filaments are oriented such that myosin is fully overlapped, with any 
further orientation randomized. The myosin filament then grows along these actin filaments. Upon relaxation the 
filaments dissociate, after which the cycle repeats. This process results in a gradual adaptation of force and an 
instantaneous adaptation of shortening velocity. Good agreement between model predictions and literature data is found 
in terms of the relations between myosin filament density and both force and shortening velocity development.  
 

 

5B.6 RECTIFYING A 50-YEAR OLD MISINTERPRETATION 
J-C Han1, A Taberner1,2, P Nielsen1,2, R Kirton1,2, R Archer2, D Loiselle1,3 
1Auckland Bioengineering Institute and Departments of 2Engineering Science and 3Physiology, The University of 
Auckland.  
 
The study of cardiac energetics commonly involves the use of isolated muscle preparations: papillary muscles or 
trabeculae carneae. Using any index of mechanics or global metabolism, muscle performance is observed to vary 
inversely with muscle thickness. Thus, each of peak twitch force development, basal metabolism, rate of oxygen 
consumption and maximum rate of heat production has been observed to vary inversely with muscle radius in vitro. 
This inverse dependence has been attributed, almost without exception, to inadequate diffusion of oxygen into the 
centre of muscles of large diameter. It is thus commonly hypothesised that size-dependent diminution of performance 
reflects the development of an anoxic core. We have tested this hypothesis using a mathematical model that 
encapsulates both simple and myoglobin-facilitated oxygen diffusion. The model demonstrates that sufficiently thick 
muscles operating at sufficiently high rates of energy demand and sufficiently low ambient partial pressures of oxygen 
will indeed show diminished energetic performance. However, to simulate this behaviour, numeric values of the most 
sensitive parameters (oxygen diffusivity, oxygen consumption or oxygen partial pressure) must differ by an order-of-
magnitude from their experimentally-measured equivalents. We thus conclude that radius-dependent diminution of 
muscle performance does not reflect radius-dependent insufficiency of diffusive oxygen supply. 
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P1 THE EFFECTS OF KISSPEPTIN ON SUPRAOPTIC NUCLEUS OXYTOCIN NEURONS  

Abdul N, Brown CH, Scott V 
Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin. 
 
Oxytocin is secreted from axon terminals in the posterior pituitary gland in response to invasion of action potentials 
initiated in the cell bodies of oxytocin neurons in the supraoptic nucleus (SON) and paraventricular nucleus (PVN). 
Kisspeptin is the endogenous ligand for the G-protein coupled receptor, KISS1R (GPR54). Intravenous (i.v.) 
administration of kisspeptin-10 induces oxytocin release into the circulation and kisspeptin is secreted from the placenta 
during pregnancy, suggesting that kisspeptin might be an important regulator of reproduction via its effects on oxytocin 
neurons. Therefore, using in vivo extracellular electrophysiology on urethane anaesthetised virgin female rats, we 
recorded the firing rate of oxytocin neurons before and after i.v. kisspeptin-10 administration (100 µg in 100 µl). Our 
results show that i.v. kisspeptin-10 causes a transient, dose-dependent increase in the firing rate of SON oxytocin 
neurons from 5.1 ± 0.9 to 6.7 ± 1.0 spikes.sec-1 (p=0.01). This excitation exhibits a similar pattern to that seen in 
response to i.v. cholecystokinin, which activates oxytocin neurons via afferent inputs from the nucleus tractus solitarus 
(NTS) in the brainstem. In order to establish whether i.v. kisspeptin-10 also activates neurons in the NTS, we carried 
out immunohistochemistry staining for cFos, a marker of neuronal activation, in the NTS following i.v. kisspeptin-10 in 
pentobarbitone anaesthetised virgin female rats. I.v. kisspeptin-10 administration significantly increased the number of 
cFos-positive neurons in the NTS. Hence, peripheral kisspeptin-10 administration might excite oxytocin neurons via the 
NTS. 
 

 
P2 PHYSICAL TREATMENT OF CHRONIC RHINOSINUSITIS  
Mohammed Al Haddad1, Ahmed Al-Jumaily1, John Brooks2, Jim Bartley3 
1Institute of Biomedical Technologies, Auckland University of Technology, Auckland. 2Biotechnology Research 
Institute, Auckland University of Technology, Auckland. 
3Department of Otolaryngology, Counties Manukau District Health Board, Auckland. 
 
Bacterial biofilms have been implicated in a number of chronic infectious diseases, including chronic rhinosinusitis 
(CRS). CRS can be refractory to treatment with both conventional antibiotics and surgery.  In vitro and in vivo evidence 
would suggest that therapeutic ultrasound could have a role in CRS treatment. However, neither the mechanism(s) of 
action nor its effects on bacterial biofilms in CRS are well understood.  The main objective of this research is to refine a 
physical treatment for CRS using ultrasound. Preliminary investigation is underway to identify an appropriate 
methodology based on the electrical/mechanical and biochemical characteristics of the biofilm that can be applied in a 
clinical situation.  
 

 
P3 SIMULTANEOUS RECONSTRUCTION OF EPICARDIAL AND ENDOCARDIAL POTENTIALS WITH 

INTRACARDIAC MAPPING AND INVERSE ANALYSIS OF BODY SURFACE POTENTIALS 
Bear L1, Cheng L1, Engelman Z1, LeGrice I1,2, Lever N3, Sands G1, Paterson D1,4, Smaill B1,2, Pullan A1,5 
1Auckland Bioengineering Institute, 2Dept of Physiology, University of Auckland, 3Dept of Medicine, University of 
Auckland, 4University of Oxford, UK, 5Dept of Engineering Science, University of Auckland. 
 
Intracardiac mapping of endocardial potentials is widely used in clinical cardiac electrophysiology to identify sites of 
conduction block and potential pathways for re-entrant electrical activation, so that structural substrates for re-entry can 
be ablated. However, electrical imaging from body surface potential measurements (the inverse problem of 
electrocardiography) has the potential to provide further information about epicardial activation pathways. We 
hypothesise that inverse body surface mapping can be used together with endocardial mapping to improve identification 
of potential ablation sites, with the long term aim of improving the success of interventional clinical cardiac 
electrophysiology. We are conducting a study in which epicardial, endocardial and body surface potentials are being 
recorded simultaneously in vivo in anaesthetised closed chest pigs in (i) sinus rhythm, and (ii) during pacing from 
multiple LV and RV sites. Subsequently the upper body of the pig is imaged in a 1.5T Siemens MR scanner. The 3D 
coordinates of the epicardial electrodes are characterised on the fixed excised heart and the 3D coordinates of electrodes 
on the body surface are located through markers on the MR images. Host-mesh fitting procedures are used to customize 
generic boundary element models of the pig torso and heart to digitized data sets of the torso surface, and epicardial and 
endocardial surfaces of the heart. Sobelov fitting constraints are imposed on mesh derivatives to maintain smoothness. 
The torso is assumed to be homogenous, and epicardial potentials are estimated using a potential-based inverse method.  
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Initial analyses of the data have shown the body surface potential maps (BSPM) calculated from the epicardial 
recordings agree with the recorded BSPM. Likewise, the epicardial potential maps and activation times reconstructed 
from the body surface potential data are consistent with the recorded data.  
 

 
P4 FUNCTIONAL EXPRESSION OF A NAHCO3 COTRANSPORTER IN THE VILLOUS CELLS OF 

POSSUM ILEUM 

Tina Chao and Grant Butt 
Department of Physiology, University of Otago 
 
In the possum ileum, fluid secretion is dependent on HCO3

- and inhibited by serosal 4,4'-diisothiocyano-2,2'-
stilbenedisulfonic acid (DIDS) suggesting that it is driven by a Na+-HCO3

- cotransporter (NBC) (1). Here we have used 
measurements of intracellular pH (pHi) in cells of isolated ileal villi to determine whether a NBC is functionally 
expressed in the ileal epithelium. Intact villi were acutely isolated by calcium chelation and loaded with a pHi-sensitive 
fluorescent dye, 2',7'-bis-(2-carboxyethyl)-5-(and-6)-carboxyfluorescein (BCECF). Then H+ and HCO3

- transporter 
activity was determined from the initial rate of pHi (∆pHi) recovery following acid loading with the ammonium 
prepulse technique. Alternatively, the steady state activity of the transporters was determined from the effect of specific 
inhibitors on pHi in the absence of acid loading. In HCO3

- free HEPES buffered Ringer’s, recovery from an acid load 
was dependent on Na+ and inhibited by ethyl-isopropyl amiloride (EIPA, 10 µm), consistent with the activity of a 
Na+/H+ exchanger (NHE). In contrast, in CO2/HCO3

- buffered Ringers, although the recovery from an acid load was 
Na+-dependent, the rate of recovery was only partially inhibited by EIPA (∆pHi control = 0.0070 ± 0.0003, n=8; ∆pHi 
EIPA = 0.0034 ± 0.0002, n=5, P<0.05). However, addition of EIPA and DIDS, an inhibitor of NBC (500 µM), largely 
abolished the recovery (∆pHi EIPA+DIDS = 0.0008 ± 0.0001, n=6, P<0.001). In the absence of acid loading, EIPA 
(∆pHi = 0.00003 ± 0.0002, n=6) and DIDS (∆pHi = -0.0006 ± 0.0002, n=6) only induced slow changes in pHi. 
However, following stimulation with secretagogues, while EIPA continued to have little effect (∆pHi = -0.0005 ± 
0.0001, n=6), DIDS induced a significantly faster rate of acidification (∆pHi = -0.0017 ± 0.0002, n=6, P<0.001). These 
data demonstrate the functional expression of a NBC in possum ileal villous cells and show that it is stimulated by 
secretagogues. This is consistent with the involvement of the NBC in the secretion of HCO3

- by the ileal epithelium. 
Reference: (1) Bartolo RC et al J Exp Biol 212:2645, 2009. 
 

 
P5 GHRELIN PREVENTS ADVERSE CHANGES IN PULMONARY BLOOD FLOW FOLLOWING THE 

DEVELOPMENT OF PULMONARY ARTERIAL HYPERTENSION BY MODULATING ENDOGENOUS 

ENDOTHELIN-1 – ASSESSED USING MICROANGIOGRAPHY 

Daryl O Schwenke1, Emily A Gray1, James T Pearson2, Kenji Kangawa3, Keiji Umetani4, Takashi Sonobe5, Mikiyasu 
Shirai5 
1Department of Physiology, University of Otago. 2Department of Physiology, Monash University, Melbourne, 
Australia. 3National Cardiovascular Center Research Institute, Osaka, Japan. 4Synchrotron Radiation Research Institute, 
Hyogo, Japan. 5Department of Cardiac Physiology, National Cardiovascular Center Research Institute, Osaka, Japan. 
 
Pulmonary arterial hypertension (PAH) is a common adverse complication of several lung pathologies.  We have 
previously reported that the peptide hormone ghrelin significantly attenuates the development of PAH and suggested 
that this may be due to ghrelin’s role as a potent antagonist of endothelin-1 (ET-1). Synchrotron radiation (SR) 
microangiography has been shown to be a powerful method for quantifying the adverse change in pulmonary blood 
flow distribution associated with PAH.  In this study we utilize SR to assess the role of ghrelin in maintaining normal 
pulmonary blood flow distribution via the modulation of ET-1.  Male adult Sprague Dawley rats were exposed to 
chronic hypoxia (CH) (10% O2 for 2 weeks) in order to induce PAH.  CH rats received daily injections of either saline 
or ghrelin (150 µg/kg, sc.).  Subsequently, rats were anaesthetised and pulmonary blood flow distribution and changes 
in vessel diameter were assessed using SR angiography following the manipulation of ET-1 and acute hypoxia.  Results 
show that ghrelin attenuated the adverse change in pulmonary blood flow distribution, thus attenuating the adverse 
increase in PAP. Moreover, the dynamic changes in pulmonary vessel caliber in response to ET-1 agonists (exogenous 
ET-1, 12 nmol/kg) and antagonists (BQ-123, 1 mg/kg) were enhanced in untreated CH-rats with PAH, but not ghrelin-
treated rats (similar to control rats). These results confirm that ghrelin is a potent modulator of endogenous ET-1, 
particularly during the development of PAH. Ultimately, this study highlights the potential for ghrelin as a potential 
therapeutic intervention for PAH in future clinical trials. 
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P6 LEFT VENTRICULAR PRESSURE (LVP) MEASUREMENT IN CONSCIOUS SMALL ANIMALS VIA 

TELEMETRY  

Sarah-Jane Guild1,3, M Lim1, B Pauly2, D McCormick1, R Kirton1, D Budgett1, M Kondo1, E Stehlin4, C Barrett3, S 
Malpas1,3 
1Telemetry Research Limited, Auckland. 2Millar Instruments, Houston, TX. 3Department of Physiology, 4Auckland 
Bioengineering Institute, University of Auckland, Auckland.  
 
Current telemetry devices for the measurement of pressure in rats utilise a catheter with a biocompatible gel and fluid 
which transmit the pressure waveform to a sensor. We have developed a fully implantable telemeter incorporating a 
novel micro-tip 2 Fr sensor. In the present study we have explored the application of this sensor for the chronic 
measurement of LVP in small animals. With particular relevance to LVP measurement is the possibility that high 
frequency sampling at 2000 Hz may permit accurate determination of dP/dT. We implanted the body of the TRM53P 
transmitter in the abdomen of rats and used a transdiaphragmatic approach to implant the tip of the catheter through the 
apex of the left ventricle. To assess the effect of chronic catheter placement, echocardiography was used both before 
and three weeks after implantation to determine fractional shortening. Our ability to measure changes in dP/dT was 
assessed using subcutaneous injections of verapamil, isoproterenol and propranolol. Maximum dP/dT values in 
conscious rats were between 9,000 mmHg/s and 14,000 mmHg/s on the third day after surgery (average 11,000 
mmHg/s). The results of this study show that we can accurately measure LVP in the conscious rat without inducing 
significant impairment of cardiac function.  Modelling based on the high frequency response indicated the system 
would be suitable to record dP/dT max values up to 17000 mmHg/s. This system also has the ability to recharge the 
transmitters inductively whilst monitoring, thus providing a novel platform for monitoring ventricular function long 
term.  
 

 
P7 TELEMETRIC MONITORING OF BLOOD PRESSURE DURING INDUCTION OF HYPERTENSION IN 

CYP1A1-REN2 RATS 
1,2Su Young Han, 2Daryl O Schwenke, 1,2Colin H Brown 
1Centre for Neuroendocrinology and 2Department of Physiology, University of Otago  
 
Hypertension increases the risk of cardiovascular disease, which is the leading cause of death around the world. Despite 
decades of research, mechanisms underlying essential hypertension remain poorly understood. Recent advances in the 
use of radiotelemetry have provided the opportunity to measure transient adverse changes in arterial blood pressure 
associated with the onset of hypertension. This study utilized the advanced technology of telemetry as well as emerging 
genetic technology (inducible hypertensive Cyp1a1-Ren2 rats) to assess the adverse increase in arterial blood pressure 
in freely moving animals during the development of hypertension. Cyp1a1-Ren2 rats were generated by our 
collaborators (Kantachuvesiri et al., 2001) by insertion of the mouse renin gene on the cytochrome P450 promoter, 
Cyp1a1, into the Y-chromosome of Fischer 344 (F344) rats. This transgene is activated in response to ingestion of 
indole-3-carbinol, which subsequently induces angiotensin II-dependent hypertension. Solid-state Telemetry Research-
Millar pressure transmitters were implanted in the abdominal aorta of male Cyp1a1-Ren2 and F344 rats under 
isoflurane anaesthesia. Once rats had recovered from surgery, systemic arterial blood pressure was recorded in 
conscious, freely moving rats for 30 min every six hours; i) for 2-3 days of baseline recording, then ii) for seven days 
with a modified diet to incorporate indole-3-carbinol (0.15% w/w) and iii) for seven days with the diet returned to 
normal. Results showed that indole-3-carbinol diet increased mean arterial blood pressure by ~30 mmHg in Cyp1a1-
Ren2 rats, but not in the background strain, F344, rats. After removal of indole-3-carbinol from the diet, hypertension 
was reversed over seven days. The establishment of this model opens up the notion for further investigation on the 
mechanisms during the development of and recovery from hypertension. Specifically, we aim to subsequently use this 
model to investigate the central mechanisms that underpin inappropriate secretion of vasopressin during the 
development of hypertension in Cyp1a1-Ren2 rats. 
 

 
P8 MODULATION OF DEHYDRATION-INDUCED INCREASES IN MAGNOCELLULAR 

NEUROSECRETORY CELL ACTIVITY BY GLIAL NEUROTRANSMITTER TRANPORTERS 

Joe N1, Scott V1, Fleming TM2, Stern JE2 and Brown CH1 

1Centre for Neuroendocrinology and Department of Physiology, University of Otago, Dunedin 
2Department of Physiology, Medical College of Georgia, Augusta, GA, USA 
 
Magnocellular neurosecretory cells (MNCs) situated in the supraoptic nucleus (SON) and paraventricular nucleus 
(PVN) of the hypothalamus send a single axon to the posterior pituitary gland and secrete the neuropeptides, oxytocin 
or vasopressin, directly into the bloodstream in proportion to their action potential (spike) firing rate. These 
neuropeptides each have a separate but coordinated role in the regulation of plasma osmolarity; vasopressin inhibits 
diuresis (promotes water reabsorption) and oxytocin promotes natriuresis (secretion of sodium). Glial cells found 
surrounding the MNCs play a role in modulating the activity of MNCs and hence the secretion of neuropeptides into the 
systemic circulation. They do so via a number of mechanisms including neurotransmitter uptake from the extracellular 
space via glutamate transporters (GLTs) and GABA transporters (GATs) which may be important for responses to 
physiological demands such as chronic dehydration. In vivo electrophysiology experiments were conducted on 
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urethane-anaesthetized female virgin Sprague-Dawley rats that were either euhydrated (non-dehydrated) or dehydrated 
(deprived of water for 48 hours prior to the experiment) and extracellular single unit recordings were obtained from 
SON neurons. Overall, there was a significant increase in the firing of SON neurons recorded from dehydrated rats (7.3 
± 0.9 spikes s-1) compared to those obtained from euhydrated rats (4.7 ± 0.5 spikes s-1; P < 0.02, unpaired t-test). 
Dihydrokainic acid (DHK), a selective inhibitor for the glial GLT-1 was administered into the SON via a microdialysis 
probe. The effects of DHK (1 µM), on the activity of SON neurons was shown to be dependent on the hydration status 
of the rat (P < 0.001; two-way repeated measures ANOVA); In euhydrated rats, DHK increased the firing rate of SON 
neurons (by 1.6 ± 0.4 spikes s-1; n = 16, P = 0.01, Student-Newman-Keuls post-hoc test) but had no effect on the firing 
of SON neurons in dehydrated rats (-0.9 ± 0.6 spikes s-1; n = 13, P > 0.05, Student-Newman-Keuls post-hoc test). This 
indicates that under basal conditions, glia remove glutamate from the extracellular space to decrease the firing rate of 
SON neurons. During dehydration there is a decrease of glial glutamate uptake possibly as a result of the retraction of 
glial processes, which increases SON neuron firing rate and thus increases vasopressin secretion to defend the organism 
from further water loss in the urine. 
 

 
P9 ON THE USE OF VAPOUR PRESSURE TO MEASURE TEMPERATURE FOR A  

CARDIAC MUSCLE MICROCALORIMETER 

Callum M Johnston, Andrew J Taberner, Denis S Loiselle, Poul MF Nielsen 
The Auckland Bioengineering Institute, 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 cardiac trabeculae. This instrument currently uses thermopile-
based temperature sensors in order to measure the ~1 mK temperature increase imparted by a trabecula to a superfusing 
saline solution, allowing the inference of the heat production of the muscle. In order to improve further our heat 
resolution, we are developing a novel temperature sensor for use in future versions of our microcalorimeter. Our new 
sensor uses the change in vapour pressure of a solvent as an index of temperature. Due to the small size of cardiac 
trabeculae (the order of 1 mm long by 100 µm in diameter) and their meagre heat output (~10 µW) the sensor must be 
passive, highly sensitive and small. An initial prototype of the sensor has been designed and tested. This sensor is 
contained within a glass capillary tube which is then interrogated by a laser interferometer. The prototype is passive and 
small; initial experiments revealed a temperature resolution of 70 µK. We are now interested in improving sensitivity by 
as much as two orders of magnitude. We will present our current work on changing the method of pressure 
transduction. A diaphragm-based method is being examined. Both analytical and finite element modelling are being 
used to assess diaphragm designs. Methods of production of both diaphragm and the rest of the system are also being 
examined and will be presented.  
 

 
P10 THE ROLE OF EPAC IN EXCITATION-CONTRACTION (E-C) COUPLING IN CARDIAC MUSCLE 

Sarbjot Kaur, Cherrie Kong, Mark B Cannell, Marie-Louise Ward  
Department of Physiology, Faculty of Medical & Health Sciences, University of Auckland.  

 
In cardiac muscle, the multiple targets and physiological effects of the classical cAMP-regulated, PKA-activated 
pathway is well understood in excitation-contraction (EC) coupling. However, there are conflicting reports from 
isolated cardiac myocyte studies on whether the recently identified exchange protein-directly activated by cAMP (Epac) 
also influences Ca2+ homeostasis (Oestreich et al., 2007 & Pereira et al., 2007). The aim of this study was to investigate 
the potential contribution of Epac activation to EC coupling in isolated rat ventricular muscle preparations. 
Simultaneous measurements of isometric force and intracellular calcium ([Ca2+]i, fura-2/AM) were carried out in 
trabeculae dissected from the right ventricle of rat hearts, before and during application of 10 µM cpTOMe, an analogue 
of cAMP that activates the Epac pathway. In separate studies, measurements of [Ca2+]i (Fluo-4/AM) were carried out in 
ventricular myocytes isolated from rat hearts using standard enzymatic methods. Ca2+ sparks were also recorded from 
quiescent myocytes as a sensitive index of the Ca2+ load of the intracellular store. No difference was found in either the 
time course, or the amplitude, of the Ca2+ transients in trabeculae (n = 6) exposed to 15 min of 10 µM cpTOMe at 
1.5 mM [Ca2+]o, and twitch force was unaltered. Interestingly, when [Ca2+]o was reduced to 0.5 mM, cpTOMe then 
caused a rise in peak stress from 10.47 ± 2.79 mN mm-2 to 15.0 ± 2.66 mN mm-2, P<0.05, but without any change in the 
Ca2+ transient. Addition of cpTOME to isolated myocytes, with the Ca2+ current (10 µM nifedipine) previously lowered, 
decreased the amplitude of the Ca2+ transients. In quiescent cells, cpTOME increased the Ca2+ spark frequency from 
6.6 per 100 µm3 s (n = 3) to 32.25 per 100 µm3 s (n = 9), P<0.05, while reducing the peak amplitude of the sparks. In 
conclusion, the results of this study suggest that activation of the Epac pathway has minimal effect on intracellular Ca2+ 
homeostasis of cardiac myocytes, unless [Ca2+]i levels are low. Epac activation then increases Ca2+ leak from the 
intracellular store (via Ca2+ sparks). Results from isolated trabeculae experiments suggest that Epac activation also acts 
to increase myofilament Ca2+ sensitivity. 
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P11 TOWARDS A FASTER, FLEXIBLE EXTENDED-VOLUME CONFOCAL IMAGING SYSTEM 
RS Kirton1, GB Sands1, AJ Taberner1,2, DA Gerneke1, ST Nienke4, PMF Nielsen1,2, BH Smaill1,3,  IJ LeGrice1,3 
1Auckland Bioengineering Institute and 2Departments of Engineering Science and 3Physiology, The University of 
Auckland, New Zealand. 4Department of Electrical Engineering, RNTHAachen University, Germany. 

 
Over the past eight years, we have been using our custom-built extended-volume imaging system to acquire a wealth of 
3D structural information from a range of resin-embedded tissues. Large 3D images have been acquired, providing 
answers to a wide range of scientific questions on the relationship between tissue structure and function. However, the 
current system is limited by relatively slow image acquisition, and constraints on the ability to directly assess and 
change scanning parameters. These limitations are largely due to the age and proprietary nature of the commercial 
confocal microscope at the centre of the system. To this end we are currently designing and building a faster and more 
directly controllable extended-volume imaging system. We are using a mixture of custom-designed and off-the-shelf 
items to construct the system: optics and mounting (Linos), dichroic beam splitters and filters (Semrock), 3-axis stages 
(Aerotech), galvanometer-driven scanning mirror (General Scanning) and high-NA objective lenses (Zeiss). National 
Instruments data-acquisition hardware and software (LabVIEW) is being used to enable semiautomatic instrument 
control, data acquisition and image reconstruction. The targeted tissues will be stained with picrosirius red, which is a 
fluorescent histological stain that binds preferentially to collagen and other connective tissues. There are limited data on 
the optimal excitation wavelengths for this fluorochrome, although we currently use an excitation wavelength of 568 
nm from a Kr/Ar laser. The new system offers significant advantages over our existing system: two excitation 
wavelengths, 532 nm and 561 nm (QiopriQ, iFLEX-Mustang); a range of scanning speeds and photon detection modes, 
analogue and photon-counting (Hamamatsu H7422-40); and at least an order-of-magnitude increase in scanning speed. 
 

 
P12 INVESTIGATING FIBRE STRUCTURE IN RATS WITH MYOCARDIAL INFARCTION USING MRI 

Hoi-Ieng Lam1, Bridget Leonard1,2, Bruce Smaill1,2, Ian LeGrice1,2, Brett Cowan3, Martyn Nash1,4, Alistair Young1,3 
1Auckland Bioengineering Institute, 2Department of Physiology, 3Auckland MRI Research Group, 4Department of 
Engineering Science, University of Auckland, Auckland. 
 
Orientation of the myocardial fibres is an important determinant of heart wall stress and electrical activity in the heart. 
During myocardial infarction (MI), it is known that the structure of the heart changes to adapt to maintain heart 
function. This study aims to investigate the relationship between regional changes in function and changes in 
myocardial fibre structure during the progression of MI. MI was surgically induced in male Sprague Dawley rats by 
ligating the left anterior descending artery. Tagged MRI was used to quantify regional changes in function at 17 and 35 
days later. Then, diffusion tensor (DT) MRI was performed to measure the degree of anisotropy of water diffusion 
within the myocardium from the excised and fixed rat hearts. Also, myocardial fibre orientation was derived from the 
DTMR images since the direction of maximum water diffusion within the myocardium indicates the direction of 
myocardial fibres. Preliminary result shows that the infarcted rats (at both 17 and 35 days) have more isotropic diffusion 
than those of the control rats at the infarct zone, implying a loss of consistent myocardial fibre structure. Future work 
will be focused on correlating this result with the changes in regional function obtained from tagged MRI, as well as on 
investigating the changes in fibre orientation after infarction.  
 

 
P13 DIET COMPOSITION INDUCES METABOLIC CHANGES THAT ALTER MYOCARDIAL 

FUNCTION, RESISTANCE TO ISCHEMIA AND CARDIOPROTECTION IN THE RAT HEART 
R Arthur Bouwman1, Charissa E van den Brom1, Regis R Lamberts2 
1Dept. of Anesthesiology, VU University Medical Center, Amsterdam, The Netherlands 2Dept. of Physiology, Otago 
School of Medical Sciences, University of Otago, Dunedin, New Zealand.  

 
Diet composition induces metabolic changes in the heart, which could adapt the heart to alterations in myocardial 
resistance to ischemic injury and its efficacy of cardioprotection. We hypothesized that an altered macronutrient 
composition of dietary intake reduces ischemic tolerance and sevoflurane-induced preconditioning. Non-obese Wistar 
rats (n=28) were exposed to high-sugar diet (HSD), high-fat diet (HFD) or standard diet (STD) for 20 weeks. In vivo 
myocardial function was assessed by transthoracic echocardiography. Isolated trabeculae were preconditioned with 
3.8% sevoflurane and exposed to an ischemia-reperfusion protocol. Post-ischemic contractile recovery and 
phosphorylation levels of 5’ adenosine monophosphate-activated kinase (AMPK) and glycogen synthase kinase 3β 
(GSK3β) were determined. HSD and HFD feeding both associated with development of impaired glucose tolerance, but 
only HFD reduced basal contractile function in vivo. Post-ischemic contractile recovery of trabeculae was reduced in 
HSD compared to HFD and STD. Sevoflurane preconditioning restored contractile recovery of trabeculae in HSD but 
not in HFD or STD. Post-ischemic AMPK phosphorylation levels were reduced in preconditioned HSD and HFD 
trabeculae, whereas phosphorylation of GSK3β was only affected in HFD trabeculae. Long-term changes in 
macronutrient diet composition induce metabolic alterations that alter myocardial function, the resistance to myocardial 
ischemic injury and the efficacy of cardioprotection. This involves development of impaired glucose tolerance and 
altered activation of cardioprotective signaling cascades, in particular AMPK and GSK3β. 
 



 53

 
P14 NECROTIC TROPHOBLASTS AND GESTATIONAL BLOOD PRESSURE 

Lau S1,2, Guild S-J 2, Barrett CJ2 and Chamley LW1. 
1Department of Obstetrics and Gynaecology, School of Medicine, and 2Department of Physiology, School of Medical 
Sciences, University of Auckland 
 
During pregnancy, cells from the placenta (trophoblasts) are extruded into the maternal circulation and are subsequently 
lodged in the maternal lungs.  In a normal pregnancy the extruded trophoblasts are thought to die by programmed cell 
death.  In preeclampsia, a pregnancy specific hypertensive disorder, the extruded trophoblasts are thought to die by a 
more necrotic mechanism.  We postulated that the extrusion of necrotic trophoblastic material from the placenta may 
trigger the vascular dysfunction characteristic of preeclampsia.  Our aim was to determine whether administration of 
necrotic trophoblasts during pregnancy would induce hypertension in vivo.  Female Wistar rats were instrumented with 
telemetry devices allowing chronic monitoring of mean arterial blood pressure (MAP), and a vascular access port 
secured in the jugular vein for cell delivery. After recovery, the rats were mated and for the last two weeks of gestation 
(day 6 to ~22) were injected daily with either vehicle or Jeg-3 cells (5x106 cells/kg body weight) rendered necrotic by 
freeze-thawing.  MAP was not significantly different between the two groups during the first two weeks of gestation. 
During the third week the MAP of the control rats declined in accordance with the literature. In contrast, the MAP of 
the group of rats injected with necrotic Jeg-3 cells did not decline and was significantly higher (p<0.05) than the control 
group.  Our results suggest that necrotic trophoblastic cells can adversely affect blood pressure, increasing it 
significantly above the normal levels that would be expected in late gestation as occurs in preeclampsia. This work 
provides preliminary evidence that necrotic trophoblasts may be one of the placental triggers of preeclampsia. 
 

 
P15 IN-VIVO ESTIMATION OF BREAST TISSUE MECHANICAL PROPERTIES USING 3D 

NORMALISED CROSS-CORRELATION 
Angela Lee1, Thiranja P Babarenda Gamage1, Vijay Rajagopal1, Poul MF Nielsen1,2, Martyn P Nash1,2  
1Auckland Bioengineering Institute and 2Dept. of Engineering Science, The University of Auckland, New Zealand 
 
Breast cancer is diagnosed and managed with various imaging modalities, including ultrasound and MRI. The breast 
undergoes substantial deformation between the prone position required for MRI and the supine position used for 
ultrasound imaging. This large change in shape can be modelled using biophysical finite element models of the breast to 
enable features of interest to be collocated between the two sets of medical images. In order to validate the predicted 
deformations of the breasts from prone to supine, MR images were taken of five volunteers in both orientations and 
customised finite element models of the prone breast were created. To reliably simulate the prone to supine 
deformations, accurate estimates of the in-vivo breast tissue stiffness need to be determined for each of the volunteers. 
In previous studies, mechanical properties have been estimated by best-matching the predicted skin surface of the 
deformed model with the observed skin surface of the breast determined from the supine images. However, this takes 
no account of the internal deformations of the breast tissues, which are typically the regions of most interest in breast 
cancer detection. Therefore, we have developed a 3D block matching algorithm based on normalised cross-correlation, 
which takes into account the internal breast tissues, and used it to determine improved estimates of the mechanical 
properties of the breast on an individual-specific basis. Accurate models of the breast deformation from prone to supine 
would aid clinicians in reliably collocating suspicious features between MRI and ultrasound imaging.   
 

 
P16 INVOLVEMENT OF MP20 IN THE FORMATION OF MACRO-MOLECULAR DIFFUSION 

PATHWAY 
Liu JW1, Sisley AM2, Cannell MB2, Soeller C2, Donaldson PJ1

  
1Department of Optometry and Vision Science, and 2Department of Physiology, School of Medical Sciences, University 
of Auckland, Auckland, New Zealand. 
 

Traditionally, intercellular communication in the avascular lens was thought to be mediated by gap junction (GJ) 
channels.  More recently, an alternative and parallel intercellular communication pathway has been discovered, that 
develops in the inner-cortex permeable to large macro-molecules and do not normally pass through GJ channels (1).  
MP20, a putative lens specific adhesion protein has been implicated in the formation of this macromolecular-diffusion-
pathway (MDP), since in MP20 knock-out mice the MDP did not form (2).  In the rat lenses, MP20 has been show to be 
initially localised in the cytoplasm of differentiating fibre cells, and inserts into the membranes following nuclei 
degradation, suggesting that MP20 insertion may play a role in the formation of the MDP (3).  In the mouse lens, MP20 
insertion into the membrane precedes the loss of nuclei unlike in the rat lens.  To further investigate the relationship 
between MP20 and MDP formation we have utilised immunocytochemistry and Two-Photon-Excitation-Flash-
Photolysis (TPEFP) (4) on half-cut rodent lens loaded with the GJ impermeable caged fluorescein-dextran 
(MW=10kDa) to correlate MP20 insertion with the formation of the MDP in rodent lens. By exploiting the species 
specific differences in the differentiation dependent insertion of MP20 detected by immunocytochemistry, and the 
TPEFP induced transfer of Fluorescein-dextran as a functional indicator of MDP formation, we have shown that 
formation of the MDP correlates with the insertion of MP20 in both rat and mouse lenses.  In the absence of MP20, 
caged fluorescein-dextran is restricted within the source cell unable to diffuse to the neighbouring fibre cells indicating 
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the absence of the MDP.  This is the first time real-time functional technique has been used to show the importance of 
MP20 in the formation of MDP. 
Funding: Marsden Fund of New Zealand and the Auckland Bioengineering Institute. 

References: (1) VI Shestopalov et al J Cell Sci 116:4191, 2003; (2) Y Shi et al J Cell Sci 122:1607, 2009; (3) AC Grey 

et al Exp Eye Res 77:567, 2003; (4) MD Jacobs et al Investigative Ophthalmology & Visual Science 45:191, 2004 
 

 

P17 REGIONAL HEMODYANMIC DETERMINANTS OF ARTERIAL ENDOTHELIAL PHENOTYPE  
David S Long and Yi Chung Lim 
Auckland Bioengineering Institute, Department of Engineering Science, The University of Auckland 
 
An early marker of cardiovascular disease involves endothelial dysfunction: the endothelium losses the ability to 
maintain homeostasis and, thus, vessel health is compromised. A key to protecting vessel health occurs at the interface 
between circulating blood and the underlying tissue: the endothelium. The endothelium is a complex and metabolically 
dynamic cell layer that exhibits phenotypic heterogeneity. This heterogeneity influences focal atherosclerotic 
susceptibility of the vessel wall. To better understand the regional hemodynamic determinates of endothelial phenotype, 
we are examining how local fluid mechanical stresses at the wall of the aorta influence endothelial cell phenotype. To 
this end, we non-invasively imaged the aorta of C57BL/6 mice using three-dimensional time-of-flight MR angiography 
to acquire vessel geometry, and phase-contrast MRI to acquire in vivo blood velocity data. Using these data and 
computational fluid dynamics, the blood flow through the aorta was determined. Next, we used laser microdissection to 
selectively isolate murine aortic endothelial cells from regions of low and high time-averaged fluid wall shear stress, 
then measured the gene expression of the isolated cells using quantitative polymerase chain reaction. Illustrative results 
for C57BL/6 mice will be presented. 
Grants: The Maurice and Phyllis Paykel Trust, University of Auckland Centre for Advanced MRI, and The University of 

Auckland Faculty Research Development Fund. 
 

 
P18 THE INFLUENCE OF SYSTEMIC SYMPATHETIC ACTIVITY ON RESTING AND EXERCISING 

CEREBRAL BLOOD FLOW RESPONSES IN THE MORNING AND AFTERNOON  

Samuel JE Lucas1,2, Nia CS Lewis3, Emily JM Grant1, Helen Jones3, Greg Atkinson3, Philip N Ainslie4  
1Department of Physiology and 2School of Physical Education, University of Otago. 3Research Institute for Sport and 
Exercise Sciences, Liverpool John Moores University, UK. 4Department of Health and Human Kinetics, Faculty of 
Health and Social Development, University of British Columbia Okanagan, Kelowna, British Columbia, Canada.  
 
Mean arterial blood pressure (MAP) and cardiac output are important determinants of cerebral blood flow (CBF). While 
the direct effect of sympathetic nervous activity (SNA) on the cerebral vasculature remains controversial, SNA is 
known to be an important regulator of MAP via its effect on peripheral vascular resistance and cardiac output. 
Interestingly, while SNA is reported to be higher in the morning, cerebral perfusion is at its lowest and its sensitivity to 
changes in CO2 may be reduced. Therefore, the contribution that systemic SNA has in regulating cerebral perfusion at 
this time may be critical. In addition, whether the diurnal variation in CBF observed at rest is also present during 
exercise, and what role the elevated morning SNA has on the regulation of CBF during exercise is unknown. In this 
study we examined the influence of systemic sympathetic activity via the selective blockade of α1-adrenoreceptors on 
resting and exercising CBF responses in the early morning and late afternoon. Following the administration of α1-
blockade (Prazosin, 1 mg/20 kg body weight) or placebo, 6 normotensive participants (aged 26±3yrs) completed a 4-
trial crossover experiment at 06:00 and 16:00 h. Middle cerebral artery blood velocity (MCAv, Transcranial Doppler), 
MAP (Finometer) heart rate (HR, ECG), and the partial pressure of end-tidal carbon dioxide (PETCO2) were measured 
continuously at rest and during exercise (15 min at 50% max work load). In addition, cerebrovascular and ventilatory 
responses to hypercapnia (5% CO2; 3 min) and hypocapnia (forced hyperventilation) were assessed at rest and during 
the exercise (after 10 min of steady state exercise). At rest, α1-adrenoreceptor blockade decreased MAP by the same 
extent (~10 mm Hg) in both morning and afternoon trials (P=0.31). During exercise, the decrease in MAP was similar 
in the morning and afternoon, however the drop was ~2 fold greater compared to rest (~20 mm Hg). Resting MCAv in 
the placebo condition was 13% lower in the morning compared to the afternoon (59 vs. 68 cm·s-1, respectively; 
P=0.09); following blockade, this diurnal variation in resting MCAv was abolished (64 vs. 60 cm·s-1, morning and 
afternoon respectively). Independent of time of day, despite significant elevations in heart rate during exercise (up ~20 
b·min-1) and an unchanged cardiac output, exercising MCAv following the blockade was ~13% lower (P=0.02) for 
morning and afternoon trials alike (P=0.59). Cerebrovascular responses to increased or decreased CO2 showed no 
diurnal variation following placebo (P>0.68); nor where they altered by α1-adrenoreceptor blockade (P>0.22) or by 
exercise (P>0.74). Blockade of α1-adrenoreceptors - via either direct or indirect mechanisms - partly explains the 
diurnal variation in CBF at rest. Although SNA blockade resulted in a compromise in CBF during exercise, there was 
an absence of diurnal variation in this response. Chemical control of CBF via arterial PCO2 was unaffected by α1 
blockade and time of day.  
 

 



 55

P19 EXOGENOUS GHRELIN ENHANCES THE ACUTE HYPOXIC VENTILATORY RESPONSE AFTER 2 

WEEKS OF CHRONIC HYPOXIA 

DO Schwenke 1, JT Pearson 2, K Kangawa 3, PA Cragg 1, M Shirai 3 
1Department of Physiology, University of Otago, Dunedin, New Zealand. 2Department of Physiology and Monash 
Centre for Synchrotron Science, Monash University, Melbourne, Australia. 
3National Cardiovascular Center Research Institute, Suita, Osaka, Japan  
 
Ghrelin is implicated as a modulator of many physiological systems, including metabolism. Ventilatory control through 
the chemoreflex can have impact on metabolic homeostasis. Chronic hypoxia (CH) can result in fundamental changes in 
the ventilatory control, evidenced by changes in the acute hypoxic ventilatory response (HRV). This study examined the 
effect of Ghrelin on the chemoreflex. The HRV (to 8% O2 for 10min) of male Sprague Dawley rats (180-220g) was 
measured with whole body plethysmography before and after 2 weeks chronic hypoxia (CH=10% O2), during which the 
animals received daily subcutaneous injections of either saline (n=5) or Ghrelin at 150µg/kg (n=5). An additional 
normoxic group received daily injections of Ghrelin. 
Two weeks of CH resulted in no significant changes in minute ventilation (VE) under normoxic conditions, although the 
pattern was different (reduced frequency and increased tidal volume VT). The HRV response to a 10 minute acute 
hypoxia challenge resulted in increases in VT (45%), frequency (81%) and VE (156%) over normoxic conditions. Two 
weeks of CH resulted in no significant changes in the HRV response. Ghrelin administration under normoxic conditions 
had no effect on HRV. However, 2 weeks of CH with daily Ghrelin resulted in a significantly increased HRV, with 
increased VE through more robust increases in VT and frequency, although the mechanism remains to be elucidated. 
 

 
P20 A LASER INTERFEROMETER-BASED MECHANICAL TESTING DEVICE FOR WORK-LOOP 

EXPERIMENTS ON RAT CARDIAC TRABECULAE. 

Andrew J Taberner, June-Chiew Han, Denis S Loiselle, Poul MF Nielsen 
The Auckland Bioengineering Institute, University of Auckland, Auckland.  
 
Owing to their small dimensions (~1 mm length, 100 µm diameter), isolated cardiac trabeculae are convenient muscle 
specimens with which to study the mechanical properties of cardiac muscle under a variety of conditions in vitro. We 
are currently developing a novel laser-interferometer-based mechanical testing instrument for measuring the mechanical 
properties of continuously-superfused cardiac trabeculae. Our instrument is capable of dynamically transitioning 
between fixed-length, isometric and isotonic modes of control during the time-course of a single muscle twitch, 
allowing us to impart force-length work-loops that mimic the behaviour of cardiac muscle in vivo. Muscle length is 
determined using a laser interferometer and is controlled using a linear Lorentz-force motor. Muscle force is measured 
using a second laser interferometer channel to interrogate a custom-made, stainless-steel, cantilever-based, force 
transducer that is carried on the linear motor.  A deterministic control system for our device is implemented using the 
combination of a field-programmable gate array and a LabVIEW RealTime desk-top computer. With this device, 
muscle experiments can be carried out at temperatures of up to 37 °C. We present the initial results of experiments 
using this instrument to explore the dependence of external (force-length) work on muscle length and contractile 
frequency of rat right-ventricular trabeculae.  
 

 
P21 PROTECTION FROM INITIAL ORTHOSTATIC HYPOTENSION DEPENDS ON SYSTEMIC 

SYMPATHETIC ACTIVITY IN YOUNG BUT NOT OLDER ADULTS 
Kate N Thomas1,2,3, Sean D Galvin1, Philip N Ainslie3,4, Samuel JE Lucas2,3 
1Department of Medical and Surgical Sciences, 2School of Physical Education, and 3Department of Physiology, 
University of Otago, New Zealand, 4Department of Health and Human Kinetics, Faculty of Health and Social 
Development, University of British Columbia Okanagan, Kelowna, British Columbia, Canada. 
 
The physiological challenge of moving to a standing posture is evidenced by temporary symptoms of light-headedness, 
dizziness, and nausea. A progressive withdrawal of sympathetic activity before the onset of vasovagal syncope is 
thought to play a role in determining orthostatic tolerance. Ageing is associated with changes in sympathetic activity 
which may affect cardiovascular and cerebrovascular responses to postural change and make symptoms of postural 
hypotension more common. This study was conducted to evaluate the effect of age on sympathetic responses and their 
importance in mitigating standing-induced hypotension. Eight younger (26 ± 5 y) and nine older (58 ± 7 y) volunteers 
stood up rapidly from a sitting position before and 90 min after the administration of selective α1-blockade with 
Prazosin (1 mg/20 kg body weight). Middle cerebral artery blood velocity (MCAv, Transcranial Doppler), mean arterial 
blood pressure (MAP, Finometer) heart rate (HR, ECG), and the partial pressure of end-tidal carbon dioxide (PETCO2) 
were measured continuously. Before α1-blockade, upon standing, younger adults demonstrated a greater initial (<15 s) 
reduction in MCAv (-7 ± 6 cm/s) when compared with older subjects (0 ± 6 cm/s; p = 0.02) despite similar reductions in 
MAP (-26 ± 9 vs. -20 ± 8 mm Hg); the young also had a greater increase in HR. The rates of drop and recovery in MAP 
showed no age effect.  Following α1-blockade, at rest in a seated position, MAP and MCAv were significantly reduced 
only in younger adults (by -27 ± 16 mm Hg and -14 ± 9 cm/s, respectively). In the young, although the transient decline 
in MAP was similar to pre-blockade with standing, MCAv declined to a greater extent at this timepoint (27 ± 13% vs. 9 
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± 7%; p = 0.03). In contrast, however, α1-blockade in the older group had no significant effect on baseline MAP (-6 ± 
11 mm Hg) or MCAv (-10 ± 10 cm/s) or the related response to standing. These data indicate that reliance on α1 
sympathetically-driven vasoconstriction diminished with advancing age during postural change. The implications and 
mechanisms of these age-related changes warrant further study.  
 

 
P22 NASAL AIR-CONDITIONING DURING N-CPAP THERAPY 

White DE1, Al-Jumaily AM1, Bartley J2 

1Institute of Biomedical Technologies, AUT University, Auckland. 2Department of Surgery, University of Auckland. 
 
Over 40% of people who undertake n-CPAP breathing therapy report problems of rhinitis or nasal congestion despite 
not having these symptoms prior to treatment.  Heated humidification is often used to condition inhaled air and to 
minimise these symptoms by eliminating the need for the airway mucosa to provide or recover heat or moisture during 
breathing.  This research focuses on developing an appropriate mathematical model which describes air-conditioning 
within the nose during the application of CPAP therapy.  The model will incorporate the regulation of airway fluid 
supply which is partially controlled through epithelial cell stress stimulation induced during tidal breathing.  Model 
outcomes will be the quantification of the effect of air pressures on this regulation.  Laws of mass and heat transfer will 
be used to incorporate data from clinical trials to predict the nasal heating and humidification requirements.  This 
includes: (1) heat and humidification supplement to make up for the dynamic state of mucosa dysfunction encountered 
during n-CAP therapy (2) maintenance of normal airway fluid volume within the upper airway (3) maintenance of 
mucociliary clearance (4) prevention of inflammation because of fluid imbalances  or thermal injury. 
 

 
P23 TRAFFICKING OF KCa3.1 IN A POLARIZED EPITHELIUM  
Barclay Winter1, Corina M Balut2, Michael B Butterworth2, Daniel C Devor2, Kirk L Hamilton1  
1Department of Physiology, University of Otago, Dunedin, New Zealand; 2Department of Cell Biology and Physiology, 
University of Pittsburgh, Pittsburgh, Pennsylvania, USA 
 
The intermediate-conductance, Ca2+-activated K+ channel, KCa3.1, plays a critical role in ion transport in a number of 
tissues and resides in the basolateral membrane of polarized epithelia. However, the molecular trafficking of KCa3.1 in 
polarized epithelia has been little studied.  In this study, we begin to unravel the trafficking of KCa3.1 using novel 
biotin-ligase acceptor peptide (BLAP) – BirA-KDEL immunofluorescence (IF) technology. Fischer rat thyroid (FTR) 
cells were transiently or stably transfected with KCa3.1-BLAP and BirA-KDEL and grown on filters as a monolayer. 
Initially, in order to define the membrane location of KCa3.1-BLAP, we labeled cell monolayers with streptavidin-
Alexa 546 (S-546) on either the apical or basolateral surface of different filters and cells were incubated for 0, 1.5 or 2 
or 4 hr.  Only basolateral labeling was evident demonstrating that KCa3.1-BLAP was targeted to the basal and lateral 
aspects of the FRT cells (n=5).  Additionally, within 1.5 hr, labeled KCa3.1-BLAP appeared within cellular vesicles 
(n=5) suggesting channel internalization.  In order to determine whether channels were ubiquitinated at the membrane 
surface, we incubated transfected FRT monolayers in the absence or presence of ubiquitin enzyme inhibitor UBEI-41 
for 0, 1.5 and 6 hr.  UBE1-41 reduced the internalization of KCa3.1-BLAP suggesting channels were ubiquitinated (n = 
3).  In order to determine whether the channel was subjected to lysosomal degradation, we incubated cells transfected 
with KCa3.1-BLAP with the lysosomal inhibitors leupeptin/pepstatin (L/P; 0, 2 and 8 hr). L/P retained KCa3.1-BLAP 
within vesicles suggesting that KCa3.1-BLAP was targeted to the lysosomes (n=5).  Our results demonstrate, for the 
first time in a polarized epithelium, that KCa3.1 is ubiquintated at the basolateral membrane and trafficked to the 
lysosomes. 
This work was funded by Lotteries Health and Department of Physiology (KLH) and NIH (DCD). 
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P24 SUPPRESSION OF LEPTIN INDUCED PSTAT3 IN THE HYPOTHALAMUS OF PREGNANT MICE 

Fieldwick DM, Ladyman SR, Grattan DR. 
Department of Anatomy and Structural Biology, and Centre for Neuroendocrinology, University of Otago. 
 
Leptin is an adipose derived hormone that acts in the hypothalamus to regulate energy homeostasis by decreasing 
appetite and increasing metabolic rate.  During pregnancy, a state of positive energy balance develops, where food 
intake and body weight increase. We hypothesize that underlying this change in energy balance is the development of 
leptin resistance in the hypothalamus, through alterations in leptin signal transduction. Groups of day 12 pregnant, and 
diestrous non-pregnant mice were fasted overnight and the following morning, treated with leptin (0.1 mg/kg BW i.p.) 
or vehicle, 2 hours prior to perfusion. Mice were perfused with 4 % paraformaldehyde and brains were collected.  
Brains were sliced (30 µm coronal sections) through the mediobasal hypothalamus and immunohistochemistry was 
conducted to label phosphorylated signal transducer and activator of transcription 3 (pSTAT3), a marker of leptin signal 
transduction.  In all regions examined in both pregnant and non-pregnant groups, leptin-treatment induced significant 
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pSTAT3 expression compared to vehicle treatment. However, leptin-treatment in the ventromedial hypothalamus 
(VMH) induced significantly less pSTAT3 expression in pregnant (490 ± 89 pSTAT3-positive nuclei per section (mean 
± SEM)) than non-pregnant mice (936 ± 37 pSTAT3-positive nuclei per section, p < 0.05). Similarly, in the 
dorsomedial hypothalamus (DMH), there was also significantly less leptin-induced pSTAT3 expression in pregnant 
(376 ± 13 pSTAT3-positive nuclei per section) than non-pregnant mice (836 ± 92 pSTAT3-positive nuclei per section, 
p <0.05). In contrast, in the arcuate nucleus there was no significant difference in expression of pSTAT3 following 
leptin treatment between pregnant and non pregnant animals. This data supports the hypothesis that changes in leptin 
transduction in the VMH and DMH during pregnancy lead to a state of leptin resistance.  
 

 
P25 BACK-PROPAGATING ACTION POTENTIALS EVOKE FAITHFUL CALCIUM TRANSIENTS IN 

THE DENDRITES OF GNRH NEURONS 

Karl J Iremonger, Allan E Herbison 
Centre for Neuroendocrinology, Department of Physiology, University of Otago 
 
The majority of synaptic inputs received by a neuron converge onto its dendritic arbor. Different dendritic morphologies 
determine how synaptic inputs are integrated and the resulting pattern of spike generation. Gonadotropin-releasing 
hormone (GnRH) neurons are the master controllers of the reproductive axis, however, very little is known about how 
information is processed in their dendrites. Here we studied the function of GnRH neuron dendrites using combined 
whole-cell patch clamp and confocal laser scanning microscopy. 250 µM sagittal brain slices were taken from both 
young and mature GnRH-GFP mice. Whole-cell patch clamp recordings were obtained from GPF-positive GnRH 
neurons in the rostral preoptic area and medial septum. Cells were loaded with 200 µM of the Ca2+ indicator Rhod-2 
through the whole-cell recording pipette to visualize changes in dendritic calcium. Both single action potentials and 
short bursts of spikes induced by current injection through the patch pipette reliably evoked Ca2+ rises in the soma of 
GnRH neurons. Single action potentials could also consistently evoke fast Ca2+ transients in the dendrites of these 
neurons. These were observed in neurons from both young and mature mice. Dendritic Ca2+ transients could be 
recorded for as far as the dendrite could be followed in the slice with the maximum distance being 458 µm from the 
soma. The dendritic Ca2+ transients evoked by bursts of backpropagating spikes were blocked with local puff 
application of tetrodotoxin (1 µM) to the dendrite (peak Ca2+ = 28.1 ± 4.9% of control after TTX, n=6). The amplitude 
of dendritic Ca2+ transients was also significantly reduced by the non-specific voltage gated calcium channel blocker 
Cd2+ (200 µM, 19.8 ± 5.2 % control, n=4) or the L-type Ca2+ channel antagonist nifedipine (50-100 µM, 47.6 ± 9.5% of 
control, n=5). These data support the hypothesis that GnRH neurons have active dendrites that allow for back 
propagation of Na+ action potentials from the soma. This back propagation can be quite faithful even for single spikes 
and generates Ca2+ signals in the dendrites that likely play important roles in plasticity and integration of synaptic 
signals.  
 

 
P26 IMPAIRED CENTRAL INSULIN SENSITIVITY IN A RAT MODEL OF POLYCYSTIC OVARY 

SYNDROME 

Kevin P Mills1, Craig D Preston2, P Mark Lokman2, Greg M Anderson1. 
1Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, 2Department of Zoology, 
University of Otago, Dunedin. 
 
Circulating insulin levels communicate nutritional status to the reproductive system by regulating the expression of 
gonadotrophin releasing hormone (GnRH) in the mammalian hypothalamus. Polycystic ovarian syndrome (PCOS; the 
most common cause of infertility in women) is associated with peripheral insulin resistance but central effects have not 
been examined. To test this, a postnatal androgen treatment-induced rat model of PCOS was employed. This treatment 
induced increased fatness, polycystic ovaries, irregular oestrous cycles and infertility. At 16 weeks of age, diestrous rats 
received a 4 mU icv insulin bolus or saline vehicle (n=5 per group) and were perfused with 4% paraformaldehyde for 
brain collection 30 minutes later. Immunohistochemistry was employed to measure numbers of phosphorylated Akt 
(pAkt)-immunoreactive cells in hypothalamic nuclei as a measure of cellular insulin responsivenes. In the arcuate 
nucleus, basal pAkt levels were 16.8±2.7 cells/section. A robust increase was seen in control rats in response to insulin 
(36.5±5.9 cells /section, P<0.05), however this was not seen in PCOS rats (24.7±5.6 cells /section). In contrast, insulin 
responsiveness was normal in the rostral periventricular region in PCOS animals, although basal pAkt levels were 
elevated compared to controls (P<0.05). In summary, these data indicate that PCOS-induced rats show a reduction in 
insulin-induced signalling in the arcuate nucleus. It remains to be determined whether this is a cause or consequence of 
PCOS. 
Supported by the Health Research Council of New Zealand 
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P27 APOLIPOPROTEIN E ISOFORMS ARE ASSOCIATED WITH AGE OF ONSET OF CORONARY 

DISEASE BUT NOT SUBSEQUENT MORTALITY IN A CORONARY DISEASE COHORT 

Nicola JA Scott1, Katrina L Ellis1, Leigh J Ellmers1, Chris M Frampton1, Lorraine Skelton1, Rob N Doughty2, Chris J 
Ellis2, Gillian A Whalley2, Tim G Yandle1, A Mark Richards1, Vicky A Cameron1 

1Christchurch Cardioendocrine Research Group, Department of Medicine, University of Otago, Christchurch. 2 

Department of Medicine, Faculty of Medicine and Health Sciences, University of Auckland. 
 
The Apolipoprotein E (ApoE) gene is polymorphic, two SNPs encode the three isoforms, E2, E3 and E4 resulting in 
differential plasma lipid and lipoprotein levels. This research investigated associations between ApoE isoforms and 
clinical outcomes over a median 2.5yr (0.25-5.4yrs) follow-up in a coronary disease (CD) cohort (n=1362). Participants 
were genotyped for both the rs429358 and rs7412 variants of the ApoE gene. PHASE software for haplotype estimation 
was used to assign ApoE isoform combinations. Levels of circulating prognostic neurohormone markers, clinical 
history, circulating lipids, and discharge medications were documented. The median age of CD onset was 68yrs, and 
71% of participants were male. Patients were predominantly of European descent (8% Maori/Pacific, 8% Other). The 
ApoE isoform frequencies were 59.6% e3/e3, 10.8% e3/e2, 23.7% e3/e4, 1.0% e2/e2, 2.3% e2/e4 and 2.6% e4/e4. The 
CD patients carrying at least one E3 isoform developed their disease at a significantly older age than the other 
participants (68yrs vs 64yrs, p=0.005). Despite an earlier age of CD onset, those carrying one or more E2 isoform had 
greater HDL/LDL ratios than the e3/e3 patient group (e2/e2, 0.54; e2/e3 0.52 and e2/e4; 0.53). Those carrying 1 or 
more E4 isoform had lower HDL/LDL ratios (e4/e4, 0.41: e3/e4, 0.40) compared to e3/e3 (0.48, p=0.011). There were 
no significant associations between ApoE isoforms and age-adjusted plasma amino-terminal BNP levels (p=0.13), 
gender (p=0.53) or drug treatment (p=0.70). There was no difference in survival when adjusting for established 
independent predictors of mortality (P=0.70). This research suggests that the ApoE E2 isoform is associated with 
developing CD at a younger age. In spite of this, once CD is established they do not have poorer clinical outcome. 
 

 

P28 CHANGES IN EXPRESSION OF GABAA AND GABAB RECEPTOR SUBUNITS IN SPECIFIC BRAIN 

REGIONS DURING PREGNANCY AND POSTPARTUM IN MICE WITH POSTPARTUM ANXIETY 

P Winter, CM Larsen, DR Grattan  
Centre for Neuroendocrinology and Department of Anatomy and Structural Biology, University of Otago, Dunedin, 
New Zealand 
 
Debilitating anxiety is experienced by approximately 25% of new mothers during pregnancy and postpartum, which can 
have harmful, long-term effects on offspring. GABA, the most prolific inhibitory neurotransmitter in the brain, mediates 
anxiolytic effects through GABAA and GABAB receptors. Allopregnanolone directly interacts with GABAA receptors to 
increase inhibition. As allopregnanolone levels fluctuate dramatically throughout pregnancy, regulation of anxiety at 
GABAA receptors during this period may alter. GABAB receptors are concentrated in hippocampal and amygdala cells, 
areas critical in the control of emotion, and thus, may also be involved in regulating mood.  It has previously been 
shown that during a normal pregnancy, and immediately postpartum, subunit composition of GABA receptors alters to 
maintain appropriate anxiolytic responses. We hypothesized that these changes do not happen in mice that exhibit 
postpartum anxiety. Using our established protocol, individually-housed mice were exposed to female pheromones 
throughout pregnancy to induce postpartum anxiety. Control mice had no exposure to pheromones. Groups of mice 
were sacrificed on day 3 am, day 3 pm, day 7, day 10, and day 19 of pregnancy and on postpartum day 2. Using 
Western Blotting, we analysed expression of GABAA α1, α4, and GABAB B1 and B2 subunits in the amygdala, bed 
nucleus of the stria terminalis (BnST), hippocampus, medial preoptic area (MPOA) and subventricular zone (SVZ) – 
regions that regulate maternal and anxious behaviours. There was no change in GABAA α1 receptor subunit expression 
during pregnancy and postpartum in control mice, and there were no significant differences in α1 expression between 
control and anxious mice. However, in the BnST, levels of GABAA receptor subunit α4 and GABAB receptor subunits 
B1 and B2 were decreased during pregnancy, but returned to control levels immediately postpartum. Interestingly, there 
is a further significant decrease in expression of these subunits during pregnancy and postpartum in pheromone-exposed 
mice (mice with postpartum anxiety). The data show that the pregnancy-induced changes in expression of GABA 
receptor subunits in mice in pregnancy are altered in some brain regions in mice with postpartum anxiety.  Anxious 
mice have a marked decrease in expression of specific subunits of GABA receptors throughout pregnancy and 
postpartum. 
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P29 DIAGNOSING INTRA-OPERATIVE HYPOVOLAEMIA: HOW LENGTH-OF-RUN EFFECTS 

SENSITIVITY AND SPECIFICITY WHEN USING RUNS ANALYSIS 

Michael Harrison  
Department of Surgery and Anaesthesia, University of Otago, Wellington 
 
Runs of blood pressure (BP), heart rate (HR) and pulse volume (PV) values below or above a recent median value could 
be used to automatically alert the anesthetist to hypovolaemia. The purpose of this study was to evaluate the efficacy of 
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a range of different length-of-runs in diagnosing hypovolaemia. With patient and ethical committee consent data were 
downloaded from patients undergoing major surgery where blood loss was anticipated.  The anaesthetists assessed the 
blood volume status of the patients at 15-minute intervals. BP, HR and PV values were processed through an algorithm 
using run lengths of 2 -12.  The alerts were compared with the clinicians’ assessments. The greatest agreement (73%) 
between algorithm and clinicians was with a run length of four. There was a false positive rate of 2%; it picked up 12% 
of clinician noted events.  Using a run length of 2 the diagnostic rate was 16%, the false positive rate 5.6%. 
The detection of hypovolaemia was low but so was the false-positive rate; this is good as frequent false alarms are 
suppressed and the alerting system may never used. A system based on change will never detect a stable, even if 
undesirable, state such as established hypovolaemia. It is to be hoped that a combination of these alerts with respiratory 
associated systolic pressure variation might improve detection. 
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P30 OPTICAL SYSTEM FOR INEXPENSIVE DISEASE DIAGNOSIS 

C Lopez-Muedano1,2, AJ Taberner 1, RS Kirton1, K.D. Kumble2 
1Auckland Bioengineering Institute, The University of Auckland, 2Pictor Limited, Auckland. 
 
The use of antibody-based diagnostic testing has increased significantly over the past decade. Most rapid point-of-care 
tests are based on manual assays using immunochromatographic strips (also known as “strip tests”) which provide a 
qualitative positive or negative test outcome. Quantitative diagnostic tests require the use of dedicated and expensive 
instruments making them ill-suited for small to mid-size clinical testing laboratories. An optical device was developed 
to read immunodiagnostic test results using commercially available components. This low cost portable instrument 
consists of a webcam, a white LED, two lasers and a long pass filter housed in an acrylic body. This device was used to 
read results from a 3X3 array of antibodies conjugated with either an enzymatic or fluorescent tag resulting in a 
coloured or fluorescent readout. The presence of analyte was recorded as a change of red, green and blue (%RGB) 
colour, both as a time-course and end-point assay. A prototype of a low cost, portable analysis system has been 
developed. 
 

 

P31 IDENTIFICATION OF MATERIAL PARAMETERS OF A STRUCTURALLY-BASED CONSTITUTIVE 

RELATION FOR SKIN MECHANICS 
Jessica WY Jor1, Martyn P Nash1,2, Poul MF Nielsen1,2, Peter J Hunter1 
1Auckland Bioengineering Institute and 2Department of Engineering Science, University of Auckland.  
 
The mechanical properties of skin are primarily determined by the structure and properties of individual components 
within the dermis.  In order to understand and quantify the relationship between microstructure and mechanical function 
of skin, we developed a structurally-based biomechanical model of skin.  Firstly, to characterize the mechanical 
response, multiaxial tensile experiments were performed on in vitro samples of porcine skin.  Displacement fields at 
each deformation step were determined using a cross-correlation technique.  A biomechanical framework was 
developed to simulate the experiments, whereby finite element models were created to represent the geometries of the 
tissue samples.  Forces measured during the experiments were applied as model boundary constraints.  Parameters of 
the structural constitutive relation were identified using nonlinear optimization.  Mathematical probability functions 
were used to represent the distributions of collagen fibre orientation and fibre undulation.  The objective function for 
parameter estimation was the difference between the positions of the experimentally-tracked and the model-predicted 
material points.  Results showed that the ground matrix stiffness ranged from 5kPa to 32kPa, mean fibre orientation 
from 2° and 13° away from the animal torso midline, and collagen fibre stiffness from 48MPa to 366MPa.  It was 
concluded that a priori information about the mean fibre orientation was important in performing material parameter 
estimation.  The experimental protocols and the biomechanical skin model developed in this study have contributed to 
increased understanding of the in-plane anisotropic, nonlinear mechanical response of skin. 
 

 
P32 DYNAMIC HEAD AND NECK MOTIONS DURING VIOLENT SHAKING 

T Lintern1, M Finch1, A Taberner1,2, MP Nash1,2, PMF Nielsen1,2  
1The Auckland Bioengineering Institute and 2 Dept. of Engineering Science, The University of Auckland. 
 
The term ‘shaken baby syndrome’ (SBS) has been used to describe injuries resulting from the abusive shaking of 
infants and is of special significance to New Zealand. Injuries characteristic of SBS include subdural haematomas, 
retinal haemorrhaging and are often without the presentation of any external signs of injury. There is controversy 
regarding the ability to diagnose SBS, more specifically as to whether shaking alone is sufficient to elicit the injuries 
described above. This study aims to address this issue using a quantitative biomechanical approach, whereby given 
specific details of the injuries, the associated motions (violent or otherwise) can be inferred.  
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We propose to use the dynamic motion of the head and torso during experiments on both phantoms and animals to 
determine the mechanics of the internal structures in the neck and head. Understanding the mechanics of these 
structures will allow regions of increased mechanical stress to be identified, which can then be compared to the patterns 
of brain injury observed using MRI and from consequent histological studies. The complex articulation of the neck 
provides the link between the head and the torso and was modelled in the first instance as a multi-link inverted 
pendulum. By measuring the motions of the “head” and “torso” components of this model, it is possible to solve the 
inverse kinematic problem in order to extract parameters describing the mechanical properties of the neck. This study 
describes an initial investigation into this approach and presents some preliminary results using the modelling 
framework.  
 

 

P33 ESTIMATING CONTRACTILE MYOCARDIAL STRESS USING MAGNETIC RESONANCE IMAGING  

Vicky Y Wang1, Hoi I Lam1, Daniel B Ennis2, Brett R Cowan3, Alistair A Young1,3, Martyn P Nash1,4 

1Auckland Bioengineering Institute, University of Auckland. 2Department of Radiological Sciences, David Geffen 
School of Medicine, University of California, Los Angeles. 3Centre for Advanced MRI, University of Auckland. 
4Department of Engineering Science, University of Auckland.  
 
For patients suffering from heart failure (HF) or ischaemic heart disease, impaired systolic ventricular function is often 
a common manifestation. While the majority of patients have normal systolic pump function but impaired filling 
(diastolic HF) function, this frequently leads to diminished contractile performance with impaired contractility (systolic 
HF). The changes in the contractile force generated by the myofibrils during systole can also initiate remodelling of 
myocardial tissue which leads to hypertrophy and eventually heart failure. More importantly, heart wall stress, during 
both diastolic inflation and systolic contraction, has been identified as a factor accounting for different patterns of 
hypertrophy. In order to better understand the distributions of active stress during ventricular contraction, a finite 
element (FE) model of a canine left ventricle (LV) was developed to study the mechanical properties of myocardial 
tissue and estimate the contractile stresses developed by the myofibrils. This FE model combined ex vivo structural 
(diffusion tensor) magnetic resonance imaging (MRI), in vivo tagged MRI and concurrent LV endocardial pressure 
recordings with the observed LV cavity volume changes to parameterise a time-varying model of myocardial 
contraction by simulating LV mechanics. Diastolic and systolic (active) phases of the LV cycle were used to estimate 
the passive and contractile myocardial stress response, respectively. A transversely-isotropic exponential constitutive 
relation was used to reproduce the passive tissue behaviour during diastolic filling. The active stress developed during 
systolic contraction was described as a function of the time-varying isometric tension at resting sarcomere length (TCa) 
and sarcomere extension ratio (λ). Passive myocardial parameters were estimated by matching the predicted 
displacements of a set of embedded material points with those derived from the tagged MR images. During contraction, 
global TCa values were determined by matching model predictions with the LV cavity pressure-volume relationship 
derived from the MR images. TCa monotonically increased to 95 kPa during systole, and rapidly recovered during 
isovolumic relaxation. The length-dependent nature of the active stress model resulted in regional variations of the 
contractile stress throughout the LV wall. The time-varying active stress curve thereby obtained enabled quantification 
of heart muscle performance and regional work during the LV cycle. Using the MR tag displacements, the end-systolic 
isometric active stress was further tuned to match the regional LV deformation, which may justify the use of a 
heterogeneous distribution of material properties to reproduce the localised motion. This type of integrative modelling 
enables the investigation of regional LV mechanics on an individualised basis. The comparison between normal and 
pathological cases will elucidate the underlying physiological mechanisms of diastolic and systolic cardiac dysfunction. 
 

 
P34 A MULTI-CAMERA STEREOSCOPE FOR MEASUREMENT OF GEOMETRY AND SURFACE 

TEMPERATURE DISTRIBUTION OF THE DIABETIC FOOT. 

Matthew Parker, Poul Nielsen, Andrew Taberner 
Auckland Bioengineering Institute, Auckland University 
 
Predictive biomechanical models of the foot need to accurately represent individual-specific surface geometry and 
underlying anatomy. This is especially an issue for diabetes patients who have foot deformities due to neuropathy 
and/or amputations. In such cases the biomechanics of the foot is generally severely compromised and accurate analysis 
of loading is critical for optimising subsequent treatment and development of appropriate orthotic devices. While 
detailed anatomical information can be obtained from the analysis of magnetic resonance (MR) images of individuals, 
such approaches are too time-consuming and too costly to be used routinely in the clinic. Neuropathy leads to loss of 
both sensation and control. This fact is important for diabetes sufferers who characteristically develop neuropathy, 
especially peripheral neuropathy in the feet. The loss of sensation removes the primary alert to damage -pain. Nerve 
death also removes extrinsic control of foot muscles, resulting in further tissue and bone damage due to gait 
pathologies. Soft tissue inflammation often results from such infections and injuries. Although there is no pain felt by 
the individual, these regions of tissue inflammation are often characterised by marked regional variations in skin surface 
temperature. We have constructed a multi-camera stereoscopic device that enables rapid, accurate, and inexpensive 
measurement of an individual’s foot surface geometry. To detect regions of tissue inflammation we have integrated an 
infra-red camera directly into the stereoscope, giving a superimposed surface temperature map. We will present and an 
overview of the imaging methods we have used to capture surface geometry of feet, together with preliminary patient-
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specific geometric foot models and temperature distributions. We anticipate our device to be a useful clinical tool in the 
construction of accurate biomechanical models necessary for efficient treatment of the diabetic foot. 
 

P35 MATHEMATICAL MODELLING OF THE DISTAL NEPHRON 

J Terkildsen1, D Nickerson1, K Hamilton2, P Hunter1  
1Auckland Bioengineering Institute, University of Auckland. 2Department of Physiology, University of Otago. 
 
As a part of our work to develop a mathematical model of the entire renal nephron, we have implemented a 
mathematical model of the rat distal nephron, from the medullary thick ascending limb to the inner medullary collecting 
duct. This model is based on the work pioneered by Alan Weinstein (AJP 298: F543, 2010; AJP 295: F1353, 2008; AJP 
283: F1237, 2002). This distal nephron model spans the scales from models of individual membrane-bound transport 
proteins, to cellular dynamics in each nephron segment, coupled to the fluid flow through the distal nephron lumen. To 
represent the differences between the nephron segments, each segment in this distal nephron model is represented by a 
unique epithelial cell model. These cell models differ in the identity and density of the solute transporters in the apical 
and basolateral membranes, and thus in their transport dynamics. In this model, populations of nephrons coalesce in the 
connecting segment of the distal tubule, as well as in the inner medullary collecting duct. Thus by the papilla, the 
36,000 nephrons have merged to form 112 collecting ducts which empty into the renal pelvis. The model output is 
visualised using an interactive user interface. This interface enables the model to be explored at the different scales, and 
the simulation results to be viewed in a three-dimensional model of the nephron. 
Supported by: the University of Auckland Doctoral Scholarship and the Vice Chancellor’s Strategic Development Fund. 
 

 
 
 
 
 
 
 


