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1.
Pain pathways - Decoding spinal circuit func  on in chronic pain

W. L. IMLACH
Department of Physiology and Monash Biomedicine Discovery Ins  tute, Monash University, 

Melbourne, Australia

Chronic pain is a major global health burden that results in hypersensi  vity to sensory input so normally 
innocuous s  muli becomes painful. Many chronic pain states are linked to neural circuit dysfunc  on, which can 
be traced back to the spinal level in the majority of cases. Neuropathic pain, one of the most intense types of 
chronic pain, is caused by malfunc  on of the nervous system and involves persistent changes in signaling within 
pain pathways. The sensory signs of neuropathic pain have been linked to reduced inhibitory signalling in the 
spinal cord, but specifi c circuits that lose inhibitory input have not been iden  fi ed. In this talk, I will discuss our 
recent iden  fi ca  on and characteriza  on of a nocicep  ve circuit that becomes more excitable in a rat model 
of chronic pain. Using patch-clamp electrophysiology, optogene  c and imaging approaches we have iden  fi ed 
specifi c circuit components that are aff ected by disinhibi  on through pre- and post-synap  c mechanisms. 
The second part of this talk will focus on our approaches to pharmacologically target the ac  vity of aff ected 
neurons. Here we have used novel inhibitors of glycine transporters to increase inhibitory signalling and allosteric 
modula  on of adenosine receptors to decrease excitability and reverse the symptoms of neuropathic pain in vivo. 
Understanding the molecular, cellular, and physiological basis of changes in circuit ac  vity in disease is central to 
the development of more eff ec  ve therapeu  cs.

2.1
Can metabolic changes in the blood predict changes in the brain in rats following acous  c trauma?

Y. ZHENG1, J. AA2, J. HE2, G. WANG2, and P. F. SMITH1

1Department of Pharmacology and Toxicology, School of Medical Sciences, University of Otago, 
Dunedin, New Zealand

2Key Laboratory of Pharmacokine  cs and Drug Metabolism, China Pharmaceu  cal University, 
Nanjing, China

It is increasingly recognised that  nnitus is likely to be generated by complex network changes. Using metabolomics, 
we reported that acous  c trauma that causes  nnitus induced signifi cant changes in mul  ple metabolic pathways 
in the brain, however it is not clear whether those metabolic changes could also be refl ected in blood samples, 
which is crucial for transla  ng biomarkers into clinical use. Here we analysed brain and serum metabolic changes 
in rats following  nnitus-inducing acous  c trauma using metabolomics. Tissues from 11 diff erent brain regions, as 
well as serum samples, were collected from animals ~3 months following acous  c trauma. Using GC/MS, a total 
of 102 dis  nct peaks were found in the brain extracts and 107 in serum samples. Among these, 82 molecules 
from serum and 76 from brain were authen  cally iden  fi ed. Data were analysed using both principal component 
and par  al least squares projec  on to latent structure-discriminant analysis. There was a clear metabolic shi   in 
the acous  c trauma animals in a number of brain regions. There was also a signifi cant metabolic shi   in serum 
samples. Further metabolic pathway analysis suggested that there is a considerable predic  ve rela  onship 
between the changes in the serum and those in the brain. A Pearson correla  on analysis showed that urea 
and glutamine levels in the serum were signifi cantly correlated with the degree of an animal’s hearing loss. Our 
results suggest that metabolic changes in blood samples may be used as a useful marker in refl ec  ng changes in 
the brain following acous  c trauma and/or  nnitus.
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2.2
Eff ects of high frequency mul  sensory s  mula  on on early visual evoked poten  als in young 

and elderly adults
P. J. SANDERS and G. D. SEARCHFIELD

Sec  on of Audiology, Centre for Brain Research, Brain Research New Zealand - Rangahau Roro 
Aotearoa, University of Auckland, Auckland, New Zealand

Sensory abili  es decline with ageing but mul  sensory integra  on can compensate for some of these losses. 
Cogni  ve decline can also accompany ageing. Research into brain plas  city may be important for early detec  on 
of sensory and cogni  ve decline. We examined plas  city in sensory brain regions, and whether audiovisual 
s  mula  on enhances this plas  city rela  ve to visual-only s  mula  on using a non-invasive technique. Visual 
evoked poten  als (VEPs) were measured with electroencephalography in elderly and young adult groups, before 
and a  er high frequency s  mula  on (HFS) with visual and audiovisual s  muli. Previously reported group-level 
eff ects on the visual N1b component were not replicated and eff ects varied between individuals. However, 
age and HFS modality diff erences were observed on other components. The P1 peak was poten  ated in the 
elderly group a  er HFS with both types of s  muli regardless of the order of modality presenta  on. Audiovisual 
HFS poten  ated the P2 peak in the elderly group. The magnitude and direc  on of the N1 peak poten  a  on 
diff ered between age groups a  er visual HFS with the young showing a poten  a  on and the elderly showing 
depoten  a  on. Audiovisual HFS aff ected VEP waveforms diff erently to visual HFS and eff ects diff ered between 
age groups. It was unclear whether diff erences in plas  city induced by mul  sensory rela  ve to visual HFS refl ected 
enhancements. Ageing does appear to aff ect plas  city induced by HFS but characterising these eff ects requires 
further research. Group diff erences in plas  city eff ects have been important in developing the HFS technique but 
individual diff erences may prove to be more useful in predic  ng cogni  ve abili  es.

2.3
Examining underlying mechanisms of neglect pa  ents’ reac  on to the Wall method through 

fl ash visual evoked poten  als
C. TOPP, N. KRISTENSEN, S. JENSEN, J. JENSEN, L. EVALD, M. JOCHUMSEN, L. STRUIJK, and E. G. SPAICH

Department of Health Science and Technology, Aalborg University, Aalborg, Denmark

With current diagnos  c methods it is diffi  cult to dis  nguish between spa  al neglect and loss of vision. 
With  inclusion of the Wall method (the pa  ent sits with the ipsilesional side next to a wall) in the examina  on 
of pa  ents, some neglect pa  ents move their gaze towards the contralesional side indica  ng neglect. To study 
the impact of the Wall method, this study aims to determine if the method’s underlying mechanisms can be 
iden  fi ed by means of fl ash visual evoked poten  als (VEP). One pa  ent with le  -sided spa  al neglect and seven 
healthy subjects par  cipated in the study. Electroencephalography was recorded from relevant cor  cal areas, 
while 3 Hz le  - and right-sided fl ash s  muli from green LEDs were presented in the visual space with and without 
inclusion of the Wall method. The hemispheric diff erences in power spectrum between the pa  ent and the 
healthy subjects were evaluated with factors of s  muli (le  - and right-sided) and Wall method (inclusion and 
exclusion). A signifi cant diff erence was found between the healthy subjects and the pa  ent (p<0.05). Furthermore, 
a signifi cant diff erence between the le  - and right hemispheric VEP was found in the pa  ent without the inclusion 
of the Wall method (p<0.05), but not when the Wall method was included. The results indicate the presence 
of a hemispheric diff erence between healthy subjects and the pa  ent and a reduc  on of this diff erence with 
inclusion of the Wall method for the pa  ent, but the underlying mechanisms of the Wall method were not clearly 
determined as the single electrode sites were not analysed because of the limited study popula  on.
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2.4
Eff ects of intermi  ent theta-burst s  mula  on on interhemispheric inhibi  on throughout 

stroke recovery
  R. J. MELCHERS, M. LERICHE VAZQUEZ, and J. N. J. REYNOLDS

Department of Anatomy, Brain Research New Zealand - Rangahau Roro Aotearoa, 
University of Otago, Dunedin, New Zealand

Following motor cortex (M1) stroke, there is an increase in interhemispheric inhibi  on (IHI) ini  ated by the 
unlesioned cortex, which has been implicated in poor recovery. Previously, we used implanted electrodes in the 
contralateral M1 to deliver low-intensity intermi  ent theta-burst s  mula  on (iTBS; bursts of 3 pulses at 50Hz 
delivered at 5Hz) and showed using intracellular recordings from single neurons that this acutely reduced IHI in 
normal rats and improved motor recovery subacutely following stroke. The present study aimed to determine 
whether iTBS modifi es IHI subacutely in the rat. To study eff ects of stroke and iTBS, lesions were induced by 
injec  ng Endothelin-1 into M1 and sub-cortex and electrodes implanted to measure IHI in freely-moving animals. 
Sham s  mula  on or iTBS was delivered for 15 days, followed by three weeks of no s  mula  on. Behaviour was 
recorded throughout, using grid walking and pasta handling tasks. Baseline IHI was 17.0 ± 4.9% and was increased 
to 31.5 ± 6.3% one week following lesion induc  on (paired t-test: p<0.05; n=21). In the fi nal week of the study, 
animals receiving iTBS showed a reduc  on in foot faults from their post stroke grid walking performances of 
43.9 ± 8.5% (n=12), compared with 8.40 ± 22.3% (n=8) worsening of performance in the sham group (p<0.05). 
In addi  on, delivery of iTBS reduced IHI to a greater degree than the spontaneous reduc  on observed in the 
sham group (linear mixed model: p<0.05), both in the weeks during and following s  mula  on. Our results show 
that IHI and behavioural recovery are modifi ed by iTBS s  mula  on, and suggest that IHI reduc  on is associated 
with recovery following iTBS s  mula  on. 

2.5
The subthalamic nucleus modulates striatal dopamine release from a dis  nct popula  on 

of dopamine neurons
K. L. TODD, J. LIPSKI, and P. S. FREESTONE

Department of Physiology, Centre for Brain Research, University of Auckland, Auckland, New Zealand

Precise striatal dopamine release from terminals of substan  a nigra pars compacta (SNc) neurons is crucial for 
normal func  on of the basal ganglia, which is involved in motor control and impaired in Parkinson’s disease 
(PD).We have shown that SNc dopamine ac  vity is modulated by endocannabinoids and that this mechanism is 
ini  ated by the subthalamic nucleus (STN). Recent anatomical evidence has revealed that STN neurons terminate 
on dopamine neurons which preferen  ally project to the posterior (tail) striatum over the centre (dorso-
lateral) striatum. The tail striatum could therefore be an important target for the inves  ga  on of STN-ini  ated 
endocannabinoid modula  on of dopamine release. We inves  gated how both basal and evoked-dopamine 
release diff er between the centre and tail striatum. Experiments were conducted in urethane-anaesthe  sed 
Wistar rats (~290g). Fast-scan cyclic voltammetry was used to measure evoked-dopamine release following 
electrical s  mula  on (300μA, 2ms, 60Hz, 2s train) of the STN and SNc. A novel electrochemical technique – fast-
scan controlled adsorp  on voltammetry – was used to measure basal dopamine levels. Basal dopamine level was 
signifi cantly higher in the centre striatum (333±31nM) compared to the tail striatum (242±48nM). STN-evoked 
dopamine release was larger and faster in the tail striatum (∆53.4±13.9nM; tau, 1.9±0.3s) compared to the centre 
striatum (∆13.8±4.1nm; 16.2±3.3s). The reverse occurred with SNc-evoked dopamine release as it was larger 
in the centre striatum (∆403.5±146.9nM) compared to the tail striatum (Δ9.2±4.2nM). These results confi rm 
that STN neurons terminate on dopamine neurons which preferen  ally project to the tail striatum. This new 
informa  on is of par  cular interest given the role of the STN in both symptoms and treatment of PD.
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3.
Modula  ng dopamine and s  mulant addic  on through TAAR1 ac  va  on

J. J. CANALES
Division of Psychology, University of Tasmania, Hobart, Australia

Improving the treatment, support and rehabilita  on of those aff ected by drug addic  on con  nues to be 
an important research agenda. New medica  ons are required to be  er manage withdrawal symptoms and 
craving in the early days and weeks a  er drug discon  nua  on. Such medica  ons could facilitate compliance 
and engagement in behavioural therapy, mul  plying the benefi cial eff ects of non-pharmacological approaches. 
The trace amine-associate receptor (TAAR1) has emerged as one of the most promising targets for the treatment 
of neuropsychiatric disorders, especially addic  on. I will fi rst present results that highlight the ability of TAAR1 
to regulate changes in dopamine transmission induced by s  mulant drugs, with reference to the molecular 
substrates through which TAAR1 is able to prevent cocaine-induced altera  ons in dopamine uptake. S  mulant 
drugs alter a variety of psychological and behavioural processes, including reward, reinforcement learning, and 
mo  va  on. Moreover, repeated exposure to s  mulants can produce craving and relapse when access to the 
drug is prevented. I will present the results of animal experiments showing that TAAR1 ac  va  on diminishes 
s  mulant reward, blocks s  mulant self-administra  on, and reduces the mo  va  on to self-administer s  mulant 
drugs. In addi  on, the results will show that TAAR1 ac  va  on prevents relapse to s  mulant seeking in models of 
contextual relapse and ex  nc  on-reinstatement. Taken together, these fi ndings will highlight the unique ability 
of TAAR1 to control the neurochemical ac  ons of s  mulant drugs and regulate the key behaviours that underpin 
addic  on and addic  on-related processes.

4.1
Synap  c triad arrangement within an aversive pathway in the normal uninjured brain

D. E. OORSCHOT, S. SEO, D. K. BILKEY, S. M. HUGHES, L. C. PARR-BROWNLIE, and R. J. SIZEMORE
Brain Health Research Centre, University of Otago, Dunedin, New Zealand

Burs  ng ac  vity of midbrain dopamine neurons promotes reward-related behaviors. Strong and reliable inhibitory 
pauses in midbrain dopamine cell ac  vity, in response to s  muli predic  ng no reward or aversive non-rewarding 
nega  ve events, suggest that there are mul  ple inhibitory inputs to the somata and primary dendrites of these 
neurons. We inves  gated this hypothesis in a recently discovered pathway involving GABAergic neurons in the 
rostromedial tegmental nucleus (RMTg) that innervate midbrain dopaminergic neurons in the posterior ventral 
tegmental area (pVTA). Viral vector technology was used to selec  vely target GABAergic RMTg neurons in adult 
male Sprague-Dawley rats. The synap  c innerva  on by these targeted neurons onto immuno-labelled tyrosine 
hydroxylase-posi  ve pVTA dopaminergic neurons was inves  gated using transmission electron microscopy of 
serial sec  ons. RMTg GABAergic axon terminals formed symmetrical synapses with pVTA dopaminergic dendrites. 
Three GABA+ve presynap  c terminals were traced through 25-35 serial sec  ons and one of these was tracked to 
its unmyelinated axonal origin. Importantly, there was a complex synap  c triad in all 13 examined synapses and 
no mul  ple synap  c innerva  on of dopaminergic somata. Specifi cally, RMTg GABAergic presynap  c terminals 
were consistently innervated by one or two asymmetric, presumably glutamatergic, synapses. This is the fi rst 
descrip  on of a complex pa  ern of inputs onto RMTg GABAergic terminals that innervate midbrain dopaminergic 
dendrites. We hypothesize that excitatory synapses onto the GABAergic terminals could modulate the inhibitory 
GABAergic synapse on the dopaminergic dendrites, thus fi ne-tuning inhibitory signalling during nega  ve-reward 
processing. Our fi ndings may have important implica  ons for understanding drug addic  on, which is characterized 
by dysregula  on of the non-reward circuit inves  gated. This circuit may also be aff ected in schizophrenia.
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4.2
ADAMTS4 AAV-gene therapy combined with rehabilita  on is therapeu  c a  er spinal cord injury

J. GRIFFIN1,2, B. FACKELMEIER1,2, D. FONG1,3, A. MOURAVLEV1,3, D. YOUNG1.3, and S. O’CARROLL1,2

1Spinal Cord Injury Research Facility, Centre for Brain Research, 2Department of Anatomy and Medical 
Imaging, 3Department of Pharmacology and Clinical Pharmacology, School of Medical Sciences, 

Faculty of Medical and Health Sciences, University of Auckland, Auckland, New Zealand

Reac  ve astrocytes are key contributors to the deposi  on of chondroi  n sulphate proteoglycans (CSPGs) 
a  er spinal cord injury (SCI), which are potent inhibitors to axon regenera  on and plas  city. A disintegrin and 
metalloproteinase with thrombospondin mo  fs-4 (ADAMTS4) is a human enzyme that catalyses the proteolysis 
of CSPG protein cores. Infusion of ADAMTS4 into the damaged spinal cord was previously shown to improve 
func  onal recovery a  er SCI; however, this therapy is limited in its enzyme form. Gene therapy is a method 
that allows for long-term expression of therapeu  c molecules. Since astrocytes play an important role in SCI 
pathology, we created an AAV vector that elicits selec  ve, robust and widespread ADAMTS4 gene expression 
in spinal cord astrocytes. Primary spinal cord astrocyte cell cultures that were transduced with AAV-ADAMTS4 
showed increased ADMATS4 expression. This led to decreased TGFβ1-induced increases in CSPGs. Following this, 
in a spinal cord contusion rodent model sustained expression of ADAMTS4 expression was achieved, which led 
to widespread degrada  on of CSPGs. AAV-ADAMTS4 resulted in signifi cantly decreased lesion size, increased 
neuroplas  city and improved motor func  ons a  er moderate contusive SCI. Whilst histologically, the eff ects 
of AAV-ADAMTS4 appeared to be large, improvements to motor func  ons were only modest. Hindlimb-specifi c 
exercise rehabilita  on was then used as a method to drive and strengthen the forma  on of benefi cial connec  ons 
whilst pruning aberrant connec  ons. Indeed, the combina  on of hindlimb rehabilita  on with AAV-ADAMTS 
enhanced the therapeu  c eff ect. Thus, widespread and long-term degrada  on of CSPGs through AAV-ADAMTS4 
gene therapy, from a single administra  on, represents a promising candidate for clinical transla  on. 

4.3
Changes in midbrain dopamine circuitry in the maternal immune ac  va  on rat model 

of schizophrenia
S. SEO, R. J. SIZEMORE, D. K. BILKEY, S. M. HUGHES, L. C. PARR-BROWNLIE, and D. E. OORSCHOT

Brain Health Research Centre, University of Otago, Dunedin, New Zealand

Schizophrenia is a debilita  ng neuropsychiatric disorder that is prevalent in ~1% of the popula  on worldwide. 
Despite extensive research, however, li  le is known about the microscopic changes in neural circuits that may 
contribute to the behavioural manifesta  on of schizophrenia. Recently, we have iden  fi ed a complex pa  ern 
of inputs onto the dopaminergic neurons in the posterior ventral tegmental area (pVTA) of the midbrain, 
involving inhibitory inputs from the rostromedial tegmental nucleus (RMTg), which in turn are modulated by 
excitatory glutamatergic inputs. Here, we inves  gated the hypothesis that the underlying causal mechanism 
of schizophrenia is due to altered synap  c input onto pVTA dopaminergic neurons, which results in excessive 
dopamine release. We combined cu   ng-edge len  viral technology and a peroxidase-immunogold double labelling 
method to selec  vely label RMTg GABAergic neurons and pVTA dopaminergic neurons. Three-dimensional serial 
transmission electron microscopy was then used to analyse the synap  c inputs to the pVTA in the maternal 
immune ac  va  on (MIA) rat model of schizophrenia versus controls. We found a marked decrease in the size 
and length of GABAergic synapses between RMTg GABAergic neurons and pVTA dopaminergic neurons of MIA 
rats compared to the control rats. Furthermore, we found that glutamatergic axons modula  ng RMTg GABAergic 
inputs are located more distally to the GABAergic synapses in the MIA rats compared to the controls. These data 
suggest that in schizophrenia, impaired inhibi  on of pVTA dopaminergic neurons results in excessive release of 
dopamine, leading to a hyperdopaminergic state of the brain and manifesta  on of schizophrenic symptoms. 
Further understanding of the core mechanism underlying schizophrenia will allow for a mechanism-driven 
approach to pharmacotherapy.
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4.4
Ketamine eff ects on EEG during therapy of treatment-resistant generalized anxiety 

and social anxiety
S. M. SHADLI1, T. KAWE1, D. MARTIN1, N. McNAUGHTON1, S. NEEHOFF2, and P. GLUE2

1Department of Psychology, 2Department of Psychological Medicine, University of Otago, 
Dunedin, New Zealand

Ketamine is swi  ly eff ec  ve in a range of neuro  c disorders that are resistant to conven  onal an  depressant and 
anxioly  c drugs. The neural basis for its therapeu  c ac  on is unknown. Here we report the eff ects of ketamine 
on the EEG of pa  ents with treatment-resistant generalised anxiety disorder (GAD) and social anxiety disorder 
(SAD). Twelve pa  ents with refractory DSM-IV GAD and/or SAD provided EEG during 10 minutes of relaxa  on 
before and 2-hours a  er receiving double-blind drug administra  on. Three ascending ketamine dose levels 
(0.25, 0.5 and 1 mg/kg) and midazolam (0.01 mg/kg), were given at 1-week intervals to each pa  ent, with the 
midazolam counterbalanced in dosing posi  on across pa  ents. Anxiety was assessed pre- and post-dose with the 
Fear Ques  onnaire (FQ) and HAM-A. Ketamine dose-dependently improved FQ scores but not HAM-A scores, 
decreased EEG power most at low (delta) frequency and increased it most at high (gamma) frequency. Only the 
decrease in medium-low (theta) frequency at right frontal sites predicted the eff ect of ketamine on FQ score. 
Ketamine produced no improvement in Higuchi’s fractal dimension at any dose, nor systema  c changes in frontal 
alpha asymmetry. Ketamine may achieve its eff ects on treatment-resistant GAD and SAD through reduc  on in right 
frontal theta, a mechanism common to conven  onal anxioly  c drugs. However, in the current study midazolam 
did not have such an eff ect. Beyond anxiety disorders, it remains to be determined whether, unlike conven  onal 
anxioly  cs, ketamine changes right frontal theta when it is eff ec  ve in treatment-resistant depression. 

4.5
Glucocor  coid modula  on of accumbal dopamine release is disrupted during 

amphetamine withdrawal
G. L. FORSTER1, B. BRAY2, M. A. WEBER2, and M. J. WATT1

1Department of Anatomy and Structural Biology, University of Otago, Dunedin, New Zealand
2Division of Biomedical Sciences, University of South Dakota, Vermillion, United States of America

Stress plays an important role in drug seeking and relapse. The ventral hippocampus is a cri  cal interface between 
stress and reward neurocircuitry, with high levels of glucocor  coid receptor (GR) expression and s  mulatory 
projec  ons to the nucleus accumbens (NAc). The goal of our research is to establish whether GR ac  va  on in the 
ventral hippocampus directly modulates dopamine release in the NAc, and to determine how this is aff ected by 
psychos  mulants to produce stress sensi  vity during drug withdrawal. Infusion of a stress-relevant concentra  on 
of cor  costerone (0.48 ng/μl) in the ventral hippocampus of male rats increased dopamine release in the 
NAc, measured by in vivo chronoamperometry. This eff ect was dependent upon cytosolic GRs in the ventral 
hippocampus, as it was blocked by pre-treatment with mifepristone and also by conjuga  ng cor  costerone to 
BSA to reduce its cellular permeability. Western blot experiments demonstrated reduced GR expression in the 
ventral hippocampus of rats undergoing amphetamine withdrawal, and cor  costerone infused in this region 
actually reduced dopamine release in the NAc. This is likely a result of cor  costerone’s predominant eff ects on 
mineralocor  coids receptors in the ventral hippocampus during amphetamine withdrawal, since the eff ect was 
blocked by spironolactone. Combined, fi ndings show that glucocor  coids can s  mulate accumbal dopamine 
release via ac  ons in the ventral hippocampus in drug naïve condi  ons. However, amphetamine withdrawal is 
characterized by a  enuated glucocor  coid-induced accumbal dopamine release, which we suggest underlies 
dysphoric states during withdrawal. Supported by NIH NIDA grant R01 DA019921.
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5.1
Reassessing the func  onal role of fMRI BOLD variability in cogni  ve performance

R. P. ROBERTS1,2, K. WIEBELS1,2, and D. R. ADDIS1,2

1School of Psychology and Centre for Brain Research, 2Brain Research New Zealand – Rangahau Roro 
Aotearoa, University of Auckland, Auckland, New Zealand

BOLD variability (BOLD-var) is a powerful predictor of age and cogni  ve performance. This is commonly interpreted 
as BOLD-var being uniquely posi  oned to measure adap  ve proper  es of neural systems (e.g., dynamic range) 
that facilitate fast responding. However, evidence for this comes primarily from blocked designs with trials fi xed 
to a length substan  ally longer than response  mes (RTs). Consequently, it is possible that during task blocks, 
par  cipants – par  cularly fast responders – toggle between on-task states (in between s  mulus and response) 
and off -task states (during response-to-next-s  mulus interval, RSI). If true, it might not be the case that increased 
BOLD-var endows people with fast-responding abili  es, but simply that increased BOLD-var in fast responders is 
an artefact of fi xed-length designs. To test this hypothesis, we compared BOLD-var eff ects from trials that were 
of a fi xed-length or self-paced (i.e., termina  ng upon a response). We predicted that fi xed-length blocks would 
be associated with (i) greater BOLD-var and (ii) stronger rela  onships between RT and BOLD-var than self-paced 
condi  ons, as fi xed-length trials would result in fast responders having longer RSIs within which to engage in 
state-switching. Results of par  al least squares analyses were mixed. While fi xed-length condi  ons did result 
in increased BOLD-var, the rela  onship of BOLD-var with RT was not stronger in fi xed-length rela  ve to self-
paced condi  ons. However, follow-up analyses revealed the RT–BOLD-var rela  onship was not signifi cant when 
only fi xed-length condi  ons were analysed. While failing to replicate previous fi ndings, this result may refl ect 
the restricted age range of our par  cipants. Nevertheless, these fi ndings raise ques  ons about the func  onal 
signifi cance of BOLD-var as a measure of adap  ve brain func  on. 

5.2
Structural correlates of dyslexia and dyscalculia: Revisi  ng common assump  ons

D. MOREAU1, K. WIEBELS1, N. S. MCKAY1, K. NIHILL1, J. E. STONYER1, A. J. WILSON2, and K. E. WALDIE1

1School of Psychology, University of Auckland, Auckland, New Zealand
2Department of Psychology, University of Canterbury, Christchurch, New Zealand

Learning disabili  es such as dyslexia, dyscalculia, and their comorbid manifesta  on are prevalent, aff ec  ng as 
much as 15% of the popula  on. Structural neuroimaging studies have indicated that beyond their behavioral 
manifesta  ons, these disorders can be related to diff erences in gray and white ma  er characteris  cs. Here, we 
present evidence to nuance those claims, and show that the between-group diff erences typically associated with 
dyslexia and dyscalculia are not systema  c, in a sample of 48 adults with dyslexia, dyscalculia, both disorders, 
or none. Using Bayesian hypothesis tes  ng, we provide support for the null hypothesis of no group diff erence 
across a range of structural brain measures, including gray ma  er volume, cor  cal thickness, surface complexity, 
and frac  onal anisotropy (all quan  fi ed by Bayes Factors). These results were corroborated by all equivalent 
frequen  st analyses (all p > .05). We conclude that the neuroanatomical diff erences commonly associated with 
dyslexia and dyscalculia might not be as reliable as previously thought, or that they may not persist into adulthood, 
and discuss the implica  ons of these fi ndings. Importantly, we further advocate for a precise quan  fi ca  on 
of the evidence for structural correlates of these disorders, to improve on current prac  ces relying solely on 
dichotomized fi ndings based on sta  s  cal signifi cance.
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5.3
The role of loca  on details in the construc  on of future events

K. WIEBELS, D. MOREAU, K. ONDERDIJK, D. R. ADDIS, and R. P. ROBERTS
School of Psychology, University of Auckland, Auckland, New Zealand

The scene construc  on hypothesis proposes that spa  al informa  on, such as loca  on details, contributes 
more to the process of imagining events than other details (e.g., people), yet few studies have inves  gated 
this ques  on. We have previously shown that repeatedly imagining the same future event results in dras  c 
reduc  ons in construc  ve demands, and leveraged this phenomenon to inves  gate the rela  ve contribu  ons 
of loca  on and people details to event construc  on. Par  cipants imagined future events involving two memory 
details (person, loca  on) and then reimagined the event i) exactly the same (no change), or ii) with a diff erent 
person (person change) or iii) in a diff erent loca  on (loca  on change). We predicted that if genera  ng spa  al 
informa  on is par  cularly important for event construc  on, a change in loca  on will have the greatest impact on 
three measures of construc  ve demand: response  me (RT), construc  on diffi  culty and level of detail. For RT, a 
Bayesian model comparison favoured a model in which loca  on changes had the greatest impact on construc  on 
 mes, followed by the person change and no change condi  ons. A Bayesian t-test complemented by Bayesian 

parameter es  ma  on confi rmed the diff erence between person and loca  on change condi  ons was present and 
meaningful. In contrast, for construc  on diffi  culty and detail, Bayesian model comparisons favoured a model in 
which loca  on and person change condi  ons did not diff er, but were associated with greater diffi  culty and less 
detailed events than the no change condi  on. These results suggest that while loca  on details infl uence the 
speed of construc  on more than other details, consistent with theories highligh  ng the central role of spa  al 
processing in episodic simula  on, other autobiographical details also facilitate this construc  ve process. 

6.1
Using neural fi elds to model motor evoked poten  als due to transcranial magne  c s  mula  on

M. T. WILSON
School of Science, University of Waikato, Hamilton, New Zealand

Neural fi eld models, in which popula  ons of neurons are described through ensemble-averaged proper  es such 
as fi ring rate and axonal fl ux, have been well-used to describe electroencephalogram (EEG) eff ects in natural sleep, 
anaesthesia and epilepsy. Changes in EEG due to s  mula  on by electromagne  c fi elds have also been studied. 
However, experimental data concerning transcranial magne  c s  mula  on (TMS) is dominated by measurements 
of motor-evoked poten  als (MEPs). To use neural fi elds for TMS, a model of the MEP is required. In this work, 
an exis  ng model has been augmented by addi  on of popula  ons of cells describing stages of the MEP pathway 
previously neglected by neural fi eld models. The model includes coupled popula  ons of excitatory and inhibitory 
layer 2/3 cor  cal neurons, s  mulated by an external fi eld. These popula  ons feed an addi  onal popula  on of layer 
5 neurons, which also couples weakly to the external fi eld. The layer 5 neurons feed motoneurons, from which a 
measure of the motor-evoked poten  al is constructed. A  er some tuning of parameters, the extra popula  ons 
have resulted in a be  er model of the MEP than previously present in neural fi eld models. The model reproduces 
the non-linear response to an increase in s  mula  on amplitude. With a paired-pulse protocol it reproduces the 
experimental eff ects of intracor  cal facilita  on and long-interval intracor  cal inhibi  on, though it shows only 
weak short-interval intracor  cal inhibi  on. The experimental waves of ac  va  on from the layer 5 neurons, direct 
and indirect, are not adequately reproduced. Small changes in synap  c weight can give much greater changes in 
MEP response. In conclusion, the model is promising but it raises ques  ons about whether neural fi eld models 
are really appropriate for the study of many TMS eff ects.
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6.2
Eff ect of background music and dialect varia  on on auditory ERPs: Research plan

A. GIBSON
New Zealand Ins  tute of Language, Brain and Behaviour, University of Canterbury, 

Christchurch, New Zealand

Sociolinguis  c studies indicate that American accents are highly norma  ve in popular music singing, to the extent 
that it requires awareness and eff ort for a New Zealander to sing in a New Zealand accent (Gibson and Bell 2012). 
Following exemplar models of speech percep  on and produc  on (Pierrehumbert 2006), this project argues 
that phone  c variants become associated with social and contextual categories, so that speech is produced 
in a context-appropriate manner. We learn, for example, to speak louder in a car, and do so even in a quiet 
environment with the engine off  (Hay et al. 2018). My hypothesis is that singing is so contextually diff erent to 
speech that when a listener is expec  ng to hear singing, they will also expect an American accent. I discuss 
the design of an auditory ERP experiment to test this hypothesis. Van Berkum et al. (2008) found that N400 
eff ects are associated not just with seman  c incongruity, but also with words that are incongruent with speaker 
voice. A  empts to extend this fi nding to expecta  ons about speaker dialect (e.g. Loudermilk 2013, Mar  n et al. 
2015) have had mixed results, with incongruence eff ects o  en occurring in later ERP components, rather than 
in N400. The proposed experiment involves variably priming popular music contexts, then presen  ng words in 
New Zealand or American accents. Along with the experiment design, I discuss preliminary fi ndings from a pilot 
study of fi ve par  cipants which show that auditory ERPs N100, P200 and N400 can be iden  fi ed when listeners 
hear words in the context of background music.

6.3
The neural basis of stu  ering: where and when do diff erences in brain ac  va  on occur? 

C. THEYS1, T. MELZER2, M. DE VOS3, and F. GUENTHER4

1Department of Communica  on Disorders, University of Canterbury, Christchurch, New Zealand
2New Zealand Brain Research Ins  tute, Christchurch, New Zealand

3Department of Engineering, University of Oxford, Oxford, United Kingdom
4Speech, Language and Hearing Sciences Department, Boston University, Boston, 

United States of America

One child in twenty develops stu  ering. For a signifi cant propor  on, the disorder persists into adulthood. 
Adults with persistent developmental stu  ering (APDS) are faced with well-documented voca  onal and social 
challenges (e.g., fear of speaking). Recent brain imaging studies have linked stu  ering with abnormali  es in 
neural processing. While such studies have provided convincing evidence for a neural basis of stu  ering, it is not 
known what the observed diff erences in APDS represent – are they the key components of the long searched for 
cause of stu  ering, or should they be regarded simply as consequences of stu  ering? To answer this fundamental 
ques  on, studies that provide accurate localisa  on of neural diff erences are necessary, but insuffi  cient if 
conducted in isola  on. Because speech produc  on depends on rapidly changing neural processes, examina  on 
of the  me course of neural ac  va  ons is also vital. We give an overview of a New Zealand-based study with the 
overall aim of determining which component(s) of the neural speech produc  on network cons  tute the primary 
defi cit of stu  ering, and which are associated with secondary defi cits. For the fi rst  me, our study will combine 
a technique with excellent localisa  on ability (fMRI) with another with excep  onal temporal resolu  on (EEG) to 
map the neural basis of stu  ering. Our predic  ons are formulated from a network perspec  ve, using the DIVA 
neurocomputa  onal model as framework. The study will extend our fundamental understanding of the neural 
basis of stu  ering and lead to the development of a biologically and behaviourally plausible neurocomputa  onal 
model of stu  ered speech.
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6.4
Pa  erns of brain ac  va  on during overt speech produc  on in adults with persistent 

developmental stu  ering
S. C. MULLER1, T. R. MELZER2, and C. THEYS1

1Department of Communica  on Disorders, University of Canterbury, Christchurch, New Zealand
2New Zealand Brain Research Ins  tute, Christchurch, New Zealand

Stu  ering is a debilita  ng speech disorder, aff ec  ng 1% of people world-wide. Advances in neuroimaging 
techniques provide the opportunity to study pa  erns of neural ac  vity in people who stu  er (PWS) during overt 
speech produc  on. Several diff erences between the neural func  oning of PWS and fl uent speakers have been 
noted in the literature. Yet, the ques  on remains; which diff erences are the primary cause of stu  ering and 
which are consequen  al? To address this, func  onal Magne  c Resonance Imaging (fMRI) data was gathered 
using a sparse temporal sampling technique in adult PWS and controls across 4 randomised condi  ons: 
(1) speech produc  on – naming pictures aloud; (2) auditory masking – naming pictures while not hearing their 
own produc  on; (3) speech percep  on - listening to a recording of their own speech, and (4) baseline – looking 
at scrambled pictures. For my Honours project, I am analysing the data of 10 PWS and their controls. Based on 
previous studies and the DIVA neurocomputa  onal model of speech produc  on, we will test the hypothesis that 
PWS show diff erences in ac  va  on in the basal ganglia, frontal (premotor) areas and temporal (auditory) areas. 
We predict that diff erences in auditory areas (feedback loop of speech produc  on) will occur as a consequence 
of the problems in the motor feedforward loop, and will therefore be eliminated by auditory feedback masking. 
We also expect that this diff erence will be eliminated when listening to their own speech produc  on. The results 
will increase our understanding of the neural basis of stu  ered speech produc  on, and contribute towards a 
neurocomputa  onal model of speech produc  on in PWS and more eff ec  ve treatment op  ons.

6.5
Neurophysiological correlates of stu  ered speech: Crea  ng a pipeline for removal of muscle 

artefacts during overt speech produc  on
P. MOSSOP1, M. DE VOS2, and C. THEYS1

1Department of Communica  on Disorders, University of Canterbury, Christchurch, New Zealand
2Department of Engineering Science, University of Oxford, Oxford, United Kingdom

Recent studies have provided convincing evidence for a neural basis of stu  ering. Most of these studies used 
techniques with good spa  al but poor temporal resolu  on. Because speech produc  on depends on rapidly 
changing neural processes, examina  on of the  me course of neural ac  va  ons is also vital. To date, few studies 
in People Who Stu  er (PWS) have used temporally sensi  ve techniques in an a  empt to capture these fast-
changing processes. These studies have suggested that  ming plays an important role in stu  ering, as evidenced 
by amplitude and latency diff erences in the preparatory and speech percep  on phases of speech. However, 
we do not know yet what happens during overt speech produc  on as analysis of electro-encephalogram (EEG) 
signals during the produc  on of speech is complicated by the presence of artefacts from facial and ar  culatory 
movements. These electromyographic (EMG) signals may obscure the brain ac  vity of interest. The aim of this 
project is to create a pipeline for the removal of EMG artefacts from overt speech EEG during an overt picture 
naming task. A  er high-pass fi ltering and standard artefact removal, a Blind Source Separa  on with Canonical 
Correla  on Analysis technique (BSS-CCA) was used to iden  fy and remove EMG signals from electrophysiological 
recordings. This method allows reconstruc  ng a cleaned cor  cal signal for analysis whilst minimising the 
introduc  on of addi  onal signal contamina  on in the process. Therefore, the use of BSS-CCA to remove muscle 
artefacts enables examina  on of the cogni  ve components of interest without interference from EMG signals. 
This will allow us to study the fast-changing brain processes during stu  ered speech produc  on.
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6.6

Inves  ga  ng the role of lep  n in arcuate AgRP neuron development
A. FREEMAN, K. GLENDINING, and C. JASONI

Centre for Neuroendocrinology, Department of Anatomy, University of Otago, Dunedin, New Zealand 

Maternal obesity during pregnancy increases the risk of the off spring themselves developing obesity later in life. 
In part, this is likely due to altered development of the hypothalamic arcuate nucleus (ARC) circuitry, a region 
of the brain central to body weight regula  on. While structural changes in the ARC have been characterised, 
the mechanisms underpinning these changes remain poorly understood. Preliminary data suggests that lep  n 
signalling, which is known to play a cri  cal role in modula  ng the development of the ARC projec  on pathways, 
may be altered. Here, we aim to be  er understand lep  n’s contribu  on to the normal postnatal development 
of ARC Agou  -relate pep  de (AgRP) neurons. Ini  ally, we aim to characterise the development of normal lep  n 
signalling in the ARC across the early postnatal period. To do this, qPCR will be used to measure the expression of 
Socs3, a known lep  n-responsive gene, in lep  n treated  ssue compared to saline treated control, at a variety of 
ages. Following this, the expression of a number of developmentally-associated puta  ve lep  n-responsive genes, 
previously iden  fi ed by ChIP-Seq analysis, will be measured in samples derived from the ARC of wild-type mouse 
pups following lep  n (or saline, control) injec  on. Finally, RNAscope, a novel in situ hybridisa  on technology, will 
be used to inves  gate the expression of the puta  ve lep  n-responsive genes within AgRP neurons. 

6.7
Circadian lights in a hospital se   ng to improve sleep, recovery and decrease psychological distress: 

Study concept and pilot baseline assessment results
K. ALUZAITE1, B. BROCKWAY1, Y. BARAK2, B. HYSLOP1, N. CUTFIELD1, and M. SCHULTZ1

1Department of Medicine, 2Department of Psychological Medicine, Dunedin School of Medicine, 
University of Otago, Dunedin, New Zealand

Light is a key environmental zeitgeber that entrains the circadian pacemaker. Specifi c eff ects of light depend on its 
 ming, intensity and spectral composi  on; intrinsically photosensi  ve re  nal ganglion cells are the most sensi  ve 

to short wavelength light. Insuffi  cient day  me illumina  on and evening light deregulate circadian rhythms and 
sleep, which can nega  vely impact overall health and quality of life. Hence long-stay hospital inpa  ents can suff er 
considerable sleep and circadian disturbances. We hypothesize that installing lights that mimic natural sunlight 
varia  on would result in healthy circadian rhythms, improved sleep and be  er health outcomes in a hospital 
se   ng. We are comparing sleep, psychological and healthcare outcomes in two ligh  ng se   ngs – current and 
circadian ligh  ng in an older adult rehabilita  on unit. Objec  ve sleep and circadian measures (ac  graphy), 
ques  onnaires on anxiety and depression, day  me alertness, sleep quality, overall well-being and chronotype are 
being used. For pilot baseline assessment we studied 14 long-stay (≥7d) inpa  ents for 7-22 days. Study sample 
was 64% male, median 79 years-old, and spent 2-50 days in the hospital prior to the study. Pa  ents exhibited a 
variety of sleep issues, with low dura  on and poor quality. Average scores per person indicate that 21%, 36% and 
57% of pa  ents had signs of moderate/severe anxiety, moderate/severe depression, and sub-threshold/clinical 
insomnia, respec  vely. This study is one of the fi rst to inves  gate the eff ects of improved ligh  ng in a hospital 
se   ng. Pilot baseline data indicate substan  al sleep deregula  ons, high levels of anxiety and depression and 
day  me sleepiness. We are currently conduc  ng a full-scale effi  cacy trial.
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6.8
Pericytes can contribute to tumour immune system evasion in glioblastoma mul  forme through 

dampened expression of ICAM-1, VCAM-1 and MCP-1
J. MACAPAGAL1, T. I-H. PARK1, M. O. JORET2, J. RUSTENHOVEN1, B. V. DIERIKS1, R. L. M. FAULL1, 

P. SCHWEDER3, and M. DRAGUNOW1

1Centre for Brain Research, 2School of Medicine, Faculty of Medical and Health Sciences, 
University of Auckland, Auckland, New Zealand

3Department of Neurosurgery, Auckland City Hospital, Auckland District Health Board, 
Auckland, New Zealand

Glioblastoma Mul  forme (GBM) is the most aggressive, fatal, yet most common form of brain malignancy in 
adults. Despite advances in immune-based treatments for other modes of cancer, GBM remains a challenge 
due to its ability to dampen immune responses via mechanisms not yet fully understood. An emerging hallmark 
of GBM pathogenesis is tumour microenvironment immunosuppression. The microenvironment comprises a 
mixture of malignant tumour cells, stroma, blood vessels and infi ltra  ng infl ammatory cells. Despite advances 
in understanding the contribu  on of these cells in establishing an an  -infl ammatory microenvironment, the 
contribu  on of pericytes, an important neurovascular mural cell that forms the blood-brain barrier, has been 
inadequately studied. Therefore, we inves  gated the changes in immune responses between the non-neoplas  c 
brain and GBM-derived pericytes isolated directly from the same pa  ent’s  ssues obtained during neurosurgery. 
Our results show that GBM-derived pericytes showed signifi cantly lower induc  on of pro-infl ammatory mediators 
Intracellular Adhesion Molecule 1 (ICAM-1) (p<0.0001), Vascular Cell Adhesion Molecule (VCAM-1) (p<0.05), and 
Monocyte Chemoa  ractant Protein 1 (MCP-1) (p<0.0001) in response to a pro-infl ammatory cytokine, Interleukin 
1 beta (IL-1ß) when compared to pa  ent-matched non-neoplas  c brain pericytes. Due to the involvement of 
these molecules in immune cell recruitment and infi ltra  on, this decreased response may contribute to the 
maintenance of GBM microenvironment immunosuppression. This highlights poten  al targets for allevia  ng 
tumour microenvironment immunosuppression and aid in immunotherapy-based treatments for GBM.

6.9
Age eff ects on subareas of the amygdala

F. KURTH1, N. CHERBUIN2, and E. LUDERS1,2

1School of Psychology, University of Auckland, Auckland, New Zealand
2Centre for Research on Ageing Health and Wellbeing, Australian Na  onal University, 

Canberra, Australia

The amygdala – an anatomical composite of three major subareas (centromedian, laterobasal, and superfi cial) 
– has been reported to decrease in size with increasing age and also to diff er in size between male and female 
brains. However, fi ndings are rather inconsistent across exis  ng studies, possibly refl ec  ng diff erences in the 
examined cohorts or the analysis approach. Thus, we inves  gated possible eff ects of age and sex on the amygdala 
as a whole as well as its subareas. For this purpose, we enhanced conven  onal imaging-based informa  on with 
microscopically defi ned cytoarchitectonic probabili  es in a sample of 100 healthy subjects (50 men / 50 women) 
aged 18 – 69 years. We observed signifi cant nega  ve correla  ons between age and all subareas of the amygdala 
indica  ng decreases over  me, but with subarea-specifi c trajectories. In addi  on, we detected a signifi cant 
quadra  c associa  on with age in the le   hemisphere for the superfi cial subarea sugges  ng an accelera  ng 
volume loss over  me. Such regional informa  on may serve as a frame of reference in future studies, not only for 
norma  ve samples but also poten  ally for clinical popula  ons known to present with an atypical atrophy of the 
amygdala. There were no sex diff erences sugges  ng that the size of the amygdala is similar in male and female 
brains, at least when properly accoun  ng for total intracranial volume.
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7.
Prion-like propaga  on of alpha-synuclein assemblies in dis  nct synucleinopathies

R. MELKI
Centre Na  onal de la Recherche Scien  fi que (CNRS), Paris-Saclay Ins  tute of Neurosciences, France

Protein intracellular inclusions within the central nervous system are hallmarks of several progressive 
neurodegenera  ve disorders in man. The protein cons  tuents of those deposits and the aff ected regions within 
the brain diff er from one neurodegenera  ve disorder to another. Un  l recently, the vicious cycle consis  ng of 
spread, seeded assembly and accumula  on over  me within the central nervous system of misfolded protein 
aggregates was thought to be restricted to the prion protein PrP. Recent reports suggest that other protein 
aggregates spread and amplify within the central nervous system leading to dis  nct diseases. I will present data 
illustra  ng the propaga  on and amplifi ca  on propensi  es of alpha-synuclein assemblies. I will discuss the nature 
of protein assemblies that are “infec  ous”, how they bind to the cell membranes, what they bind to and the 
cellular consequences of binding. I will present a quan  ta  ve assessment of their uptake, transport and export. 
I will show data demonstra  ng that pathogenic protein assemblies disrupt the endo-lysosomal membranes to 
reach the cytosol where they amplify. I will describe how and why diff erent alpha-synuclein polymorphs cause 
dis  nct diseases. Finally, I will discuss the prerequisites of strategies specifi cally targe  ng the propaga  on of 
alpha-synuclein assemblies.

8.1
Non-neuronal cells enable transmission of α-synuclein in Parkinson’s disease

B. V. DIERIKS, T. STEVENSON, H. C. MURRAY, R. L. M. FAULL, M. DRAGUNOW, and M. A. CURTIS
Centre for Brain Research, Faculty of Medical and Health Science, University of Auckland, 

Auckland, New Zealand

The molecular hallmark of Parkinson’s disease (PD) is the aggrega  on of α-synuclein (α-syn) into fi brillary 
assemblies in nerve cells. The aggregates, termed Lewy bodies and Lewy neurites, are fi rst found in the vagus 
nerve and olfactory bulb. More and more evidence is showing that α-syn spreads in a prion-like fashion transferring 
aggregated α-syn from cell to cell. The involvement of non-neuronal cells in this process has been studied, but 
evidence of the underlying mechanisms in human  ssue is lacking. Here we u  lise primary neuronal cultures 
from human biopsies (consis  ng of func  onal neurons, microglia, astrocytes, oligodendrocytes and pericytes) 
and pure pericyte cultures; our in vitro results show α-syn precipitates are endocytosed by all cell types, but most 
effi  ciently by microglia and pericytes. Using pure pericyte cultures, we demonstrate intercellular transport of 
α-syn through tunnelling nanotubes and the induc  on of an infl ammatory response. Our in situ work shows that 
the number of cells with intracellular α-syn precipitates is case dependent but aff ects all major cell types. Within 
the human olfactory bulb, neurons contain large lewy bodies whereas the non-neuronal cells contain smaller 
aggregates. This is the fi rst  me that a human study quan  fi ed the rela  ve importance of all cell types involved in 
α-syn pathology. We show evidence that α-syn spread is a  ributed, in part, to intercellular transmission between 
non-neuronal cells trough tunnelling nanotubes. The ac  ve involvement of non-neuronal cells such as pericytes 
in α-syn transfer has previously been overlooked, but may off er addi  onal therapeu  c targets to conven  onal 
PD therapy.
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8.2
Quan  fi ca  on of non-neuronal cells containing intracellular α-synuclein in the human Parkinson’s 

disease olfactory bulb
T. J. STEVENSON1, B. V. DIERIKS1, M. DRAGUNOW2, and M. A. CURTIS1

1Department of Anatomy and Medical Imaging, 2Department of Pharmacology, 
University of Auckland, Auckland, New Zealand

The neuropathological hallmark of Parkinson’s disease (PD) is the presence of aggregated α-synuclein (α-syn) 
in the form of Lewy bodies and Lewy neurites. It has been well described that α-syn aggregates are found 
intracellularly within neurons with the capability of being passed on from one neuron to the next. However, we 
know li  le about the involvement of non-neuronal cells in the pathophysiology of PD. One of the fi rst areas of 
the brain to be aff ected by α-syn pathology is the olfactory bulb, presumed to be the cause of the loss of smell 
(anosmia) years to decades before the onset of motor symptoms. Within the olfactory bulb, the majority of α-syn 
accumulates within a region called the anterior olfactory nucleus (AON), a relay point for neurons of the olfactory 
system. Here, we set out to quan  fy the presence of intracellular α-syn aggregates in non-neuronal cells in the 
human PD olfactory bulb. Three sec  ons, 500 μm apart, from 11 human PD olfactory bulbs and eight control 
human olfactory bulbs were immunolabeled for phosphorylated α-syn, PDGFRβ for pericytes, GFAP for astrocytes 
and IBA-1 for microglia. Sec  ons were imaged using a slidescanning microscope; cells with presumed intracellular 
α-syn were counted and reimaged using a confocal microscope to confi rm intracellular α-syn aggregates in all 
three cell types. Within the AON, on average 3.5 pericytes/mm2, 2.8 astrocytes/mm2 and 6.7 microglia/mm2 
were confi rmed to have intracellular α-syn. This study demonstrates the importance of non-neuronal cells in PD 
pathophysiology, in which non-neuronal cells may ac  vely contribute to the disease process.

8.3
Dis  nct eff ects of apathy and dopamine on eff ort-based decision making in Parkinson’s disease

C. LE HERON1,2, O. PLANT1, S. MANOHAR1, Y-S. ANG1, M. JACKSON1, G. LENNOX1, M. HU1, 
and M. HUSAIN1

1Nuffi  eld Department of Clinical Neurosciences, University of Oxford, Oxford, United Kingdom
2New Zealand Brain Research Ins  tute, Christchurch, New Zealand

Apathy is a common and disabling complica  on of Parkinson’s disease (PD), but its ae  ology remains unclear. 
Intriguingly, the neural substrates associated with apathy also sub-serve eff ort-based decision making (EBDM) 
in animal models and humans. Furthermore, the dopaminergic system plays a core role in mo  va  ng eff or  ul 
behaviour for reward, and its dysfunc  on has been proposed to play a crucial role in the ae  ology of apathy in PD. 
We hypothesised that disrupted EBDM underlies the syndrome of apathy in PD, and that this may be modulated 
by the dopaminergic system. An EBDM task was administered to 39 pa  ents with PD, with and without clinical 
apathy, ON and OFF their normal dopaminergic medica  ons across two separate sessions, and matched controls. 
On a trial-by-trial basis par  cipants decided whether to accept or reject varying off ers of monetary reward in 
return for exer  ng diff erent levels of physical eff ort via handheld dynamometers. The primary outcome variables 
were choice and the vigour of squeeze. Both apathy and dopamine deple  on reduced off er acceptance, but 
eff ects were dissociable. While apathy reduced acceptance of predominantly low reward off ers, dopamine 
increased responding to high eff ort, high reward off ers, independent of apathy status. Dopamine also exerted 
a main eff ect on motor vigour while apathy did not. The fi ndings demonstrate that EBDM is disrupted in PD 
apathy, but in a manner dis  nct to that caused by dopamine deple  on. They provide evidence of a cogni  ve 
mechanism underlying apathy, and suggest its occurrence is not simply secondary to dopaminergic deple  on of 
mesocor  colimbic pathways.
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8.4
Parkinsonian tremor can be diminished by willpower

R. L. BLAKEMORE1,2, M. R. MACASKILL1,2, D. J. MYALL1, and T. J. ANDERSON1,2,3,4

1New Zealand Brain Research Ins  tute, Christchurch, New Zealand
2Department of Medicine, University of Otago, Christchurch, New Zealand

3Department of Neurology, Christchurch Hospital, Christchurch New Zealand
4Brain Research New Zealand – Rangahau Roro Aotearoa, University of Otago, Dunedin, New Zealand

We have observed that a number of pa  ents with Parkinson’s can suppress their tremor at will for brief periods. 
To our knowledge, the ability to consciously diminish one’s res  ng tremor has not yet been assessed empirically. 
We examined changes in tremor characteris  cs during voluntary tremor suppression in 16 pa  ents presen  ng 
with rest tremor in their upper limb. A tri-axis accelerometer on the index fi nger of the most aff ected hand 
measured tremor oscilla  ons. Surface electromyography (EMG) measured changes in neuromuscular ac  vity of 
the forearm fl exor digitorum superfi cialis (FDS) and extensor digitorum (ED) muscles. Par  cipants completed a 
four minute trial consis  ng of alterna  ng 30 s periods of res  ng and a  empted tremor suppression. Bayesian 
mul  level modelling found a reduc  on in tremor amplitude of 0.42 log(mm) (95% credible interval [0.21, 0.64]) 
during suppression compared to rest. Spectral analyses of tremor displacement revealed a peak power decrease 
of 0.9 log(W/Hz) [0.44, 1.38], and an increase in the frequency of peak power of 0.19 Hz [0.07, 0.32] during 
suppression compared to rest. No change in mean EMG amplitude was found; however, suppression of tremor 
was associated with a peak power decrease of 0.36 log(W/Hz) [0.01, 0.72], and an increase in the frequency of 
peak power of 0.83 Hz [0.28, 1.39] in FDS, but not ED. Both the amplitude and frequency components of tremor 
and associated fl exor muscle ac  vity were modulated by voluntary suppression. These data show it is possible to 
exert signifi cant conscious control over parkinsonian rest tremor.

8.5
Signifi cant-others underreport the impact of hallucina  ons in Parkinson’s disease pa  ents 

with normal cogni  on
K-L. HORNE1,2,5, M. R. MACASKILL1,2, S. J. G. LEWIS3, L. LIVINGSTON1,2, S. F. GRENFELL2, 
B. YOUNG2, M. PASCOE2, M. LIVINGSTONE2,4,5, R. SHOORANGIZ2, T. J. ANDERSON1,2,5,6, 

and J. C. DALRYMPLE-ALFORD1,2,4,5

1Department of Medicine, University of Otago, Christchurch, New Zealand
2New Zealand Brain Research Ins  tute, Christchurch, New Zealand

3Brain and Mind Centre, University of Sydney, Camperdown, Australia
4Department of Psychology, University of Canterbury, Christchurch, New Zealand

5Brain Research New Zealand - Rangahau Roro Aotearoa, Christchurch, New Zealand
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Individuals with Parkinson’s disease (PD) o  en experience hallucina  ons throughout the progression of the 
disease. Cogni  ve impairment, sleep disturbances and a lack of repor  ng tools has resulted in hallucina  ons 
being inaccurately reported by PD pa  ents and their signifi cant-others (SO). To determine whether there is a 
diff erence between hallucina  ons that are self-reported by par  cipants and by their SO, 120 PD par  cipants and 
their SO completed the recently validated Psychosis and Hallucina  ons Ques  onnaire. Fi  y-eight PD par  cipants 
were classifi ed with normal cogni  on (PD-N), 53 with mild cogni  ve impairment (PD-MCI) and 9 with demen  a 
(PDD). The mean hallucina  on scores from each group of PD par  cipants (PD-N = 1.3, PDMCI = 5.2, PDD = 8.2) 
and their SO (PD-N = 1.0, PDMCI = 1.8, PDD = 5.9) were collected. Poisson regression was used to determine 
whether there were discrepancies between par  cipants and SO repor  ng of hallucina  ons across the cogni  ve 
groups. The mean hallucina  on scores reported by SO were lower than PD par  cipants, but only underrepor  ng 
in the PD-N group was signifi cant (p < 0.001). No diff erences were found between PD par  cipant and SO reports 
in the PD-MCI or PDD groups. This indicates that SO are less able to detect hallucina  ons in PD pa  ents with 
preserved cogni  on, which may increase caregiver stress.
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Characterisa  on of classical Hun  ngton’s disease neuropathology in a human  ssue microarray

A. Y. S. TAN1,2, M. K. SINGH-BAINS1,2, N. F. MEHRABI1,3, R. L. M. FAULL1,2, and M. DRAGUNOW1,3

1Centre for Brain Research, 2Department of Anatomy and Medical Imaging, 
3Department of Pharmacology, University of Auckland, Auckland, New Zealand

Hun  ngton’s disease (HD) is a gene  c neurodegenera  ve disease that s  ll remains without a specifi c therapeu  c 
treatment. One of the hurdles in therapeu  c discoveries is the ability to screen for poten  al targets in a high-
throughput manner. A poten  al tool to aid in this is the  ssue microarray (TMA); a pla  orm that consists of various 
 ssue samples arrayed onto a single glass slide. This study aims to inves  gate whether the TMA is a suitable 

pla  orm to study HD. Neuropathological features of HD were characterised in a human TMA that consisted of up 
to 28 control  ssue samples and up to 28 HD  ssue samples. 3’3-diaminobezidine (DAB) immunohistochemistry 
was performed on the TMA sec  ons to detect pyramidal cells (SMI-32) and mHTT aggregates (1C2 and 1F8). 
The immunolabeled TMAs were imaged using the automated V-slide scanner and analysed using Metamorph 
so  ware. A signifi cant 27% reduc  on in SMI-32+ pyramidal neuronal density was observed in HD samples. 
Addi  onally, there was a signifi cant 187% and 84% increase in IC2+ and IF8+mHTT aggregate number respec  vely 
in HD. The TMA is a high-throughput screening method capable of genera  ng powerful data. The reduc  on in 
pyramidal neurons and increase in aggrega  on counts seen in this TMA recapitulates changes seen in previous 
quan  ta  ve studies in whole  ssue sec  ons. This provides strong evidence that HD neuropathology is s  ll seen 
within 2 mm cor  cal sec  ons and as such, suggests that the TMA can not only be used to further inves  gate HD 
neuropathology but also as a screening tool for poten  al therapeu  c targets. 

Poster 9.2
Resistance to ex  nc  on following methamphetamine self-administra  on in rats

A. MAAN and S. SCHENK
Department of Psychology, Victoria University of Wellington, Wellington, New Zealand

Problema  c methamphetamine use is characterized by a progressive increase in drug use, and high relapse 
rates even following extensive abs  nence. Animal studies have been developed to measure drug-seeking as a 
correlate of relapse. One approach is to determine whether exposure to an environment that had previously 
been associated with drug-taking elicits drug-seeking that is resistant to ex  nc  on. Accordingly, the current study 
measured ex  nc  on of drug-seeking behaviours following extensive methamphetamine self-administra  on 
in rats. Rats self-administered methamphetamine (0.1 mg/kg/infusion, iv) during 10 daily 8-hour sessions. 
Infusions were paired with the co-incident illumina  on of a s  mulus light. For comparison another group of 
rats were trained to orally self-administer sweetened condensed milk under the same condi  ons. Only self-
administra  on of methamphetamine increased as a func  on of days during tes  ng. Ac  ve lever responding on 
day 1 was approximately 14 responses, and on Day 10 approximately 77 responses. Responding reinforced by 
sweetened condensed milk was high on Day 1 at approximately 550 responses, and remained high for each of 
the subsequent test days. A forced abs  nence period of 7-days followed the self-administra  on phase. Drug-
seeking was then tested during 20 daily 1-hour sessions. During these tests, responses on the levers had no 
programmed consequence; neither the reinforcer nor the light s  mulus were ac  vated. For both groups, ac  ve 
lever responding on day 1 of the drug-seeking test was high and decreased during subsequent tests. The rate 
of decay of the func  on rela  ng lever responses to day of tes  ng was comparable for methamphetamine and 
sweetened condensed milk self-administra  on, sugges  ng similar resistance to ex  nc  on. These fi ndings suggest 
that withdrawal both drug-and non-drug reinforcers can result in reward-seeking that is consistent with addic  on.
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Electrochemical and electrophysiological characterisa  on of L-DOPA-derived dopamine 

in rat brain slices
A. McDOUALL, P. S. FREESTONE, and J. LIPSKI

Department of Physiology and Centre for Brain Research, Faculty of Medical and Health Science, 
University of Auckland, Auckland, New Zealand

Parkinson’s disease is mainly caused by degenera  on of nigral dopaminergic neurons and is most frequently treated 
with L-DOPA (Levodopa) which ameliorates motor symptoms by increasing dopamine produc  on. However, in 
spite of over 50 years of clinical use of this drug, it is s  ll uncertain whether L-DOPA-derived dopamine is released 
only from the remaining dopaminergic neurons, or also from other cells which express aroma  c amino acid 
decarboxylase (AADC), and thus are able to convert L-DOPA to dopamine. Our aim was to compare dopamine 
produc  on a  er applica  on of exogenous L-DOPA in two regions of horizontal midbrain slices obtained from 
Wistar rats: (a) Substan  a Nigra pars compacta (SNc; the area of somatodendri  c dopamine release); and (b) 
the posterior lateral hypothalamus (PLH) which has no dopaminergic innerva  on. Extracellular dopamine was 
detected using fast-scan controlled-adsorp  on voltammetry. Dopamine produc  on in the SNc was confi rmed 
electrophysiologically by recording raclopride-dependent inhibi  on of neuronal fi ring. Slice perfusion with L-DOPA 
(50 μM, 15 min) resulted in prolonged increase in dopamine release in the SNc, enhanced by pre-treatment with 
the MAO blocker, pargyline (10 μM). Unexpectedly, L-DOPA also evoked dopamine release in the PLH, which in 
the presence of pargyline was substan  ally higher than in the SNc. We propose that in this non-dopaminergic 
brain region dopamine is produced and immediately released from glia and endothelial cells which are unable to 
store (and quickly metabolise, in the presence of MAO block) this neurotransmi  er. In contrast, L-DOPA-derived 
dopamine can be partly stored in nigral neurons and its extracellular release is largely opposed by the dopamine 
transporter which is highly expressed in dopaminergic neurons.

Poster 9.4
Evalua  ng the side eff ect profi le of the G-Protein biased Mu opioid receptor agonists 

Kurkinorin and Kurkinol
A. ALDER1, M. SHIVAPERUMAL1, R. CROWLEY2, S. WILLIAMSON2, T. PRISINZANO2, and B. KIVELL1

1School of Biological Sciences, Victoria University of Wellington, Wellington, New Zealand
2Department of Medicinal Chemistry, University of Kansas, Kansas, United States of America

Chronic pain (CP) is a global health problem that aff ects 1 in 5 New Zealand adults and is the most common 
reason to visit the doctor. Current mu opioid receptor (MOPr) agonists, such as morphine, used to treat CP have 
high abuse poten  al. The induc  on of on-target side eff ects such as tolerance and respiratory depression limit 
their eff ec  veness. Here we inves  gate the side eff ect profi le of the structurally novel Salvinorin A analogues 
Kurkinorin and Kurkinol, using preclinical behavioural models. The dose-response tail withdrawal assay was used 
to determine the analgesic and tolerant eff ects. Kurkinorin (ED80 = 5 mg/kg) has equivalent potency to morphine 
(ED80 = 6.3 mg/kg), and Kurkinol (ED80 = 2.3 mg/kg) was three  mes more potent, with signifi cantly reduced 
analgesic tolerance. Further inves  ga  on into the ability to induce cons  pa  on, one of the most common side 
eff ects experienced with chronic administra  on of MOPr agonists, showed Kurkinorin induced no signifi cant 
inhibi  on of small intes  nal transit in the charcoal meal assay compared to vehicle (F (8, 30) = 6.1, p = 0.4789). 
The accelera  ng rotarod assay, a measure of motor coordina  on, showed both Kurkinorin and Kurkinol cause 
less motor coordina  on impairment compared to morphine. Furthermore, we have shown that both Kurkinorin 
(p = 0.014) and Kurkinol (p = 0.012) show reduced preference for drug-paired chambers in the condi  oned place 
preference assay compared to morphine. Overall, this study highlights the poten  al of these structurally novel 
compounds as potent analgesics with reduced abuse liability.
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In vitro wounding models using the Electric Cell-Substrate Impedance Sensing (ECIS)-Zɵ Technology

A. Y. GU1, E. S. GRAHAM2, and S. J. O’CARROLL1

1Department of Anatomy and Medical Imaging, 2Department of Pharmacology and Clinical 
Pharmacology, University of Auckland, Auckland, New Zealand

Understanding cellular responses to neurotrauma will be important in developing treatments for these condi  ons. 
Electric Cell-substrate Impedance Sensing (ECIS) technology is a real-  me, impedance-based system to produce 
highly reproducible wounding models by mechanically disrup  ng a cell monolayer. This study characterized two 
in vitro wounding models using cultured human cerebral microvascular endothelial cells (hCMVEC) with single 
electrode (8W1E) and mul  ple electrode (8W10E+) arrays, in terms of cell migra  on and barrier func  ons. Real-
 me measurement of the hCMVEC migra  on and barrier func  on was conducted using the ECIS technology. 

Wounding was applied at 48 h, a  me when the hMCVEC had formed a func  onal barrier. Levels and localisa  on 
of junc  onal proteins in the cells following wounding were analysed by immunocytochemistry. Following 
wounding, cell migra  on was generally faster on the 8W10E+ array in comparison to the 8W1E array. However, 
barrier func  on of the cells was not fully restored in either model. Analysis of the endothelial junc  onal proteins 
revealed that wounding caused incomplete detachment of cellular materials on the 8W1E array, whereas on the 
8W10E+ array, complete detachment of cellular materials was observed. These diff erences may correspond to 
diff erent types of injuries. Therefore, we highlight the ability of ECIS to study cellular behaviours in response to 
diff erent injuries, and its poten  al to help therapeu  c treatments for impaired barrier func  on following CNS 
injuries. The established in vitro wounding models could be applied to other cell cultures which will advance our 
understanding of the injury response.

Poster 9.6
Endothelial nitric oxide synthase defi ciency leads to increased urea levels in the brain

A. HARIHARAN1, N. D. COLLIE1, Y. JING1, H. ZHANG2, and P. LIU1

1Department of Anatomy, 2School of Pharmacy, Brain Health Research Centre, Brain Research 
New Zealand – Rangahau Roro Aotearoa, University of Otago, Dunedin, New Zealand

Endothelial nitric oxide synthase (eNOS) produces nitric oxide (NO) from L-arginine, and eNOS derived NO is a 
key regulator of cerebral blood fl ow dynamics. It has been proposed that cerebrovascular endothelial dysfunc  on 
during advanced aging, together with other risk factors, may trigger the neurodegenera  ve processes in 
Alzheimer’s disease (AD). Mice with eNOS defi ciency display age-related memory defi cits, amyloid accumula  on 
and tau phosphoryla  on in the brain, indica  ng a cri  cal role of eNOS defi ciency in the development of AD. In AD 
brains, eNOS protein expression is drama  cally reduced and there is a build-up of urea, the product of amino acid 
metabolism. This project, therefore, inves  gated how the urea level in the brain changed in eNOS defi cient mice. 
We found signifi cantly increased urea levels in the cortex of male complete eNOS defi cient mice at 14 months 
of age when compared to their age-matched wild-type controls. Interes  ngly, male and female par  al eNOS 
defi cient (eNOS+/-) mice at 4 months of age displayed high levels of urea in the cortex rela  ve to their age- and sex-
matched controls. These preliminary data demonstrate the accumula  on of urea in the brain of eNOS defi cient 
mice, shedding light on the poten  al link between eNOS defi ciency and the build-up of urea in the brain. Future 
research is required to further explore the role of cerebrovascular endothelial dysfunc  on in pathogenesis and/
or development of AD. Supported by the Health Research Council of New Zealand.
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Generalisa  on of an anxiety process biomarker from speeded response to bimanual 

fi xed  me responding
B. BYERS1, S. M. SHADLI1, O. HIGH1, P. GIBBS1, R. STELLER3, P. GLUE2, and N. McNAUGHTON1

1Department of Psychology, 2Department of Psychological Medicine, University of Otago, 
Dunedin, New Zealand 

3Department of Psychology, Johannes Gutenberg-Universität, Mainz, Germany

Goal Confl ict Specifi c 5-12Hz Rhythmicity (GCSR) measured at the right frontal site F8 in the Stop Signal Task 
(SST) is an anxiety process biomarker. However the SST requires stopping a uni-manual speeded response, and 
S  near et al (2009) argued that stopping is be  er assessed in the bimanual An  cipatory Response Inhibi  on Task 
(ARIT). The ARIT also allows for three types of stop trial: stop both (SS), stop le   only (SG), and stop right only 
(GS). Healthy par  cipants (Experiment 1 = 30; Experiment 2 = 31) provided EEG during an ARIT. We assessed GCSR 
as stop-specifi c power at intermediate stop signal delays versus the average of short and long delays. We found 
signifi cant F8-GCSR in the SG and GS condi  ons within the 5-12Hz frequency band. Trait anxiety (STAI-T) and 
Neuro  cism (EPQR-N) correlated with F8-GCSR in the SS condi  on and GS condi  on. Buspirone (5HT1A agonist), 
Triazolam (GABAA agonist), and Pregabalin (calcium channel blocker) – which share an anxioly  c eff ect – were 
then tested on F8-GCSR. Buspirone (10mg) and Pregabalin (75mg), but not Triazolam (0.25mg) reduced F8-GCSR 
in the SG condi  on and perhaps GS condi  on. Contrary to predic  on, the ARIT did not produce stronger GCSR 
than the SST and may have produced weaker drug eff ects. Our data demonstrate the generalisa  on of F8-GCSR 
as an anxiety process biomarker from speeded to  med responding. Source localisa  on suggested that goal 
confl ict, as reported for stopping, can involve more than one right frontal circuit depending on whether slow (GS), 
medium (SG) or fast (SS) stopping is occurring.

Poster 9.8
A neurocogni  ve model to explain physician burnout and associated adverse pa  ent outcomes 

B. D. AUSTIN1,2, S. PARKER2, H. G. LILEY1, and S. BORA1

1Mater Research Ins  tute, Faculty of Medicine, 2School of Psychology, Faculty of Health 
and Behavioural Sciences, University of Queensland, Brisbane, Australia

Occupa  onal stress occurs in many demanding jobs, including in the medical profession. Burnout, arising from 
excessive stress levels and associated factors, has been linked to reduc  ons in safe and appropriate healthcare 
delivery. Alarmingly, physicians demonstrate higher rates of burnout than the general popula  on, at 49% in the US 
and 42% in Australia. Although the associa  on between physician burnout and pa  ent safety is well documented, 
the underlying pathway remains unclear. Hence, we propose a novel, two-  er neurocogni  ve model that provides 
a conceptual framework for this associa  on: fi rst, occupa  onal stress leading to burnout may result in neural 
altera  ons; second, these altera  ons may directly impair higher-order cogni  ve abili  es, which may account 
for poorer quality healthcare delivery. For example, due to dysregula  on of the hypothalamic-pituitary-adrenal 
axis, neural altera  ons may occur in areas such as the hippocampus, amygdala, and prefrontal cortex. Given 
the func  onal specialisa  on of these areas, reduced decision-making and knowledge acquisi  on capabili  es 
are inevitable. Therefore, the adverse pa  ent outcomes associated with physician burnout can be a  ributed to 
incorrect/incomplete knowledge acquisi  on and decision-making, as a result of underlying neural consequences. 
To test the validity of this proposed model, measures of the following are required: 1) perceived and physiological 
occurrence of physician burnout; 2) poten  al altera  ons in brain behaviour rela  onships, par  cularly in higher-
order cogni  on, and; 3) frequency and nature of clinical errors and pa  ent outcomes. The proposed conceptual 
model provides a framework to inform the development of novel experimental paradigms to appropriately 
inves  gate the rela  onship between physician burnout and resul  ng pa  ent safety outcomes.
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Autobiographical memory in Parkinson’s disease

B. ELIAS1,2,3, M. LIVINGSTONE1,2,3, M. IRISH4, M. NICOLSON1,2,3, E. PETERSON1,2,3, M. GOULDEN1,2,3, 
J. GOH1,2,3, D. MYALL1,2,4, T. MELZER1,2,4, T. PITCHER1,2,4, L. LIVINGSTON1,2,4, S. GRENFELL1,2, B. YOUNG1,2, 
M. WILKINSON1,2,5, K. HORNE1,2,4, M. MACASKILL1,2,4, R. KUIJER1,2,3, H. MULLIGAN1,2,5, T. ANDERSON1,2,4 , 

L. HALE1,2,5, and J. DALRYMPLE-ALFORD1,2,3,4

1New Zealand Brain Research Ins  tute, 2Brain Research New Zealand – Rangahau Roro Aotearoa, 
Christchurch, New Zealand

3Department of Psychology, University of Canterbury, Christchurch, New Zealand 
4Brain and Mind Centre and School of Psychology, University of Sydney, Sydney, Australia 

5Department of Medicine, 6Department of Physiotherapy, University of Otago, 
Christchurch, New Zealand

Autobiographical Memory (ABM) represents the mind’s knowledge of informa  on and experiences collected over 
the lifespan. It can be conceptually dis  nguished into episodic memory for personally-experienced events; and 
seman  c memory for personally-acquired knowledge-based facts stored about one’s life. ABM may be impaired 
in Parkinson’s disease (PD) prior to the emergence of other cogni  ve defi cits. Here, we report ABM performance 
in PD pa  ents who had not reached criteria for PD with mild cogni  ve impairment. These pa  ents were part of 
an 8-month randomized controlled trial inves  ga  ng the eff ects of a combined physical and cogni  ve enrichment 
interven  on on neuropsychological outcomes in idiopathic PD. Irrespec  ve of interven  on or control subgroup, 
both seman  c and episodic memory using the autobiographical memory interview was impaired in the PD pa  ents 
rela  ve to age-matched healthy controls (HC). The same episodic memory defi cit in the PD pa  ents remained 
despite the use of an alterna  ve protocol (the episodic autobiographical memory interview) that discriminates 
contextual details of personal episodic memories, and which generated a clearer epoch-related recall gradient. 
Recall of personal events is impaired even in non-MCI PD pa  ents but this impairment does not appear to benefi t 
from the addi  on of a mul  -domain cogni  ve and physical interven  on.

Poster 9.10
Presence of gene  c disease-specifi c aggregates in the anterior olfactory nucleus of the 

human olfactory bulb
B. A. HIGHET, B. V. DIERIKS, H. C. MURRAY, E. L. SCOTTER, R. M. L. FAULL, and M. A. CURTIS

Centre for Brain Research, University of Auckland, Auckland, New Zealand

Olfactory impairments are frequently observed pre-clinically in many neurodegenera  ve diseases. It has been 
hypothesised in Alzheimer’s and Parkinson’s disease that olfactory dysfunc  on results from deposi  on of disease-
specifi c protein aggregates in the olfactory bulb (OFB). However, disease-specifi c aggregates in the OFB have not 
been described in gene  c diseases such as Hun  ngton’s disease (HD) and familial forms of Motor Neuron Disease 
(MND) which also present with olfactory defi cits. To determine whether pathological protein aggregates are 
present in HD and MND OFBs, fl uorescent immunohistochemistry was performed on post-mortem human OFB 
sec  ons from eleven HD, fi ve MND and fi ve normal cases. Sec  ons were stained with an  bodies against disease 
specifi c aggregates and cell specifi c markers with previously reported expression within the OFB. We found mutant 
hun  ng  n aggregates in all HD OFBs almost exclusively within the anterior olfactory nucleus (AON). Furthermore, 
in two familial cases of MND (C9ORF72 mutants) we found dipep  de repeat aggregates within the AON. Both 
aggregate types were found to be co-localised within calbindin, calre  nin, somatosta  n or tyrosine hydroxylase 
immunoreac  ve cells. No staining for alterna  ve pathological proteins including β-amyloid, tau and α-synuclein 
was seen in HD OFBs, however posi  ve tau staining was seen in 3 out of 5 MND OFBs. Therefore, olfactory defi cits 
seen across the spectrum of neurodegenera  ve disorders, whether sporadic or gene  c, share similar aggregate 
pathologies in the OFB concentrated to the AON. This suggests that aggregate pathology within the AON could 
play a role in the common symptom of olfactory dysfunc  on seen across neurodegenera  ve diseases. 
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Receptor studies in the human globus pallidus

B. L. BLACK, H. J. WALDVOGEL, and R. L. M. FAULL
Centre for Brain Research, University of Auckland, Auckland, New Zealand

The basal ganglia (BG) are a group of interconnected nuclei in the centre of the brain, associated with controlling 
mood, movement, and cogni  on. The globus pallidus (GP) is a core component of this assembly, ul  mately 
becoming the main output nuclei of the many circuits which traverse the BG. Dysfunc  on of these nuclei and 
their pathways cause a variety of disorders, such as Hun  ngton’s Disease (HD). The objec  ve of this study 
was to characterise the neuronal popula  ons in the human GP, with a central focus on the subpopula  ons 
expressing glutamatergic receptors. Anatomical analysis of receptor and transporter markers will allow further 
understanding into the pathways of the BG, which are known to undergo pathological changes in HD. Post-
mortem human brain  ssue blocks containing the GP were selected for sec  oning and stained using fl uorescent 
immunohistochemistry targeted towards GABA and glutamate receptor subunits, transporters (VGLUT2/VGAT), 
and various neurochemicals. Characterisa  ons of GluN1 receptors, and how they associate with GABA receptors 
in the normal human brain, will be used as a baseline for comparison with HD cases. By studying the excitatory 
and inhibitory receptor systems, we have discovered a new confi gura  on of receptors on cells in the globus 
pallidus. We show two unique cell types in the GP, one containing mainly inhibitory receptors and the other 
containing mainly excitatory receptors. This may have implica  ons for understanding pathways of mood and 
movement in the human brain and help to inform treatment design for neurological diseases such as HD. 

Poster 9.12
Comparison of usability of three AAC systems: EyeLink, eye tracking camera and P300 speller

C. ELLIOTT and C. THEYS
Department of Communica  on Disorders, University of Canterbury, Christchurch, New Zealand

Augmenta  ve and alterna  ve communica  on (AAC) systems are important to allow communica  on for 
individuals who are unable to speak. For people with motor impairments, systems which do not require physical 
movement must be used. This study aimed to compare the accuracy, speed of communica  on and usability 
of three of these systems. The fi rst two, an EyeLink board and an eye tracking camera, are systems which are 
being used with pa  ents currently. The third system, a Brain Computer Interface (BCI) using a P300 speller, is 
an emerging system used mostly in research se   ngs. Ten par  cipants used each AAC system to spell three 
le  er words. Speed and accuracy of le  er selec  on was measured. A  er using each device, the par  cipants 
completed three ques  onnaires, evalua  ng usability, cogni  ve workload and preferences. Preliminary analyses 
show that the accuracy of spelling with the EyeLink board and eye tracking camera was superior to that of the 
BCI (t571 = 22.43, p < 0.001). In addi  on, the BCI also resulted in signifi cant slower le  er selec  on compared to 
the other two devices (t463 = -30.64, p < 0.001). The workload and usability were also rated more posi  vely for 
the EyeLink board and eye tracking camera. These preliminary results show that, while promising, the BCI system 
needs to undergo further development to become more user-friendly before it can be considered as a rou  ne 
clinical AAC device for clients with motor impairments who lose the ability to speak. Interes  ngly, the low-tech 
EyeLink Board and more high-tech eye tracking device resulted in similar accuracy and speed outcomes, making 
the decision regarding selec  on of the device dependent on individual client factors.
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Extrasynap  c α5 type GABAA receptors as therapeu  c targets for Alzheimer’s disease

C. VINNAKOTA1, K. GOVINDPANI1, B. CALVO-FLORES GUZMAN1, W. P. TATE2, H. J. WALDVOGEL1, 
R. L. M. FAULL1, and A. KWAKOWSKY1

1Centre for Brain Research, University of Auckland, Auckland, New Zealand
2Department of Biochemistry, University of Otago, Dunedin, New Zealand

Alzheimer’s disease (AD) is a progressive neurodegenera  ve disorder for which no cures or cogni  on-restoring 
therapies have yet been discovered. g-aminobutyric acid (GABA) is the primary inhibitory neurotransmi  er in the 
brain and plays a key role in regula  ng the balance between neuronal excita  on and inhibi  on. There is increasing 
evidence in support of the remodelling of the GABAergic system in AD and thus it might represent an important 
therapeu  c target. The compound, 3-(5-Methylisoxazol-3-yl)-6-[(1-methyl-1,2,3-triazol-4yl)methyloxy]-1,2,4-
triazolo[3,4-a]phthalazine acts as an inverse agonist of a5 subunit containing GABAA (α5GABAA) receptors and 
has displayed cogni  on enhancing proper  es in previous studies. This study aimed to characterise the eff ects of 
the compound on amyloid beta (A1-42)-induced molecular and cellular changes in an in vitro AD model. Mouse 
primary hippocampal cultures were exposed to either A1-42, the compound and A1-42 or vehicle and changes in 
cell viability were assessed. Treatment with 1nM A1-42 caused 51.5% cell death a  er 6h. Treatment with 100nM 
of the compound, however, reduced A1-42-induced cell loss by 23.8% (p<0.0001) a  er 6h. Cell viability a  er 
5 days of treatment with the compound was also measured and revealed a decrease in A1-42-induced cell death 
by 15.0% (p<0.01). Treatment with the compound altered A1-42-induced induced changes in both intracellular 
and extracellular GABA levels as well as changes in the expression of various GABAergic signalling components, 
including α5GABAA receptors, at the RNA level which may underlie the neuroprotec  ve eff ects. In summary, this 
compound might hold neuroprotec  ve poten  al and represent a new therapeu  c avenue for trea  ng cogni  ve 
dysfunc  on in AD.

Poster 9.9
Astrocyte-specifi c GFAP-AAV Vector-mediated secre  on of chondroi  nase ABC as a poten  al 

therapy following spinal injury
C. RAYNER1, J. GRIFFIN1, E. MUIR3, D. YOUNG2, and S. J. O’CARROLL1

1Department of Anatomy and Medical Imaging, 2Department of Pharmacology, 
University of Auckland, Auckland, New Zealand

3Department of Physiology, Development and Neuroscience, University of Cambridge, 
Cambridge, United Kingdom

Trauma  c spinal cord injury (SCI) is a unique disability that signifi cantly aff ects a person’s quality of life due to loss 
of func  on and heavy economic burdens. In response to contusion impact, reac  ve astrocytes within the glial scar 
upregulate and release chondroi  n sulfate proteoglycans (CSPGs) into the extracellular matrix (ECM), genera  ng 
an extrinsic inhibitory environment which impedes axonal regenera  on and is refl ected by poor func  onal 
recovery following SCI. The bacterial enzyme chondroi  nase ABC (ChABC) has been demonstrated in vitro and 
in vivo to degrade CSPG glycosylated sugar (GAG) chains, which neutralizes much of the inhibitory proper  es of 
the proteoglycan. As stable delivery of ChABC can only be achieved by viral gene therapy, we proposed the use of 
adeno-associated viral vectors (AAV5 serotype) with an astrocyte-specifi c promotor (GFAP) as a safe and eff ec  ve 
delivery method of ChABC into mammalian astrocytes, in order to modulate the inhibitory environment and 
allow neuroplas  city and improved long-term func  onal recovery. To validate this, we transduced our developed 
vector into rat primary astrocytes treated with TGF-1 as an in vivo model of reac  ve astrogliosis. We found 
that we were able to get a high level of transduc  on in astrocyte cultures. Transduc  on with the vector led to 
decreased extracellular CSPG levels and increased digested GAG chains. These fi ndings demonstrate this gene 
therapy approach as a viable and safe means of delivery to target astrocytes following SCI. The use of our unique 
gene therapy in vivo and its func  onal signifi cance is currently under inves  ga  on. 
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Tumour necrosis factor receptor 1 acts par  ally through the PI3K/Akt pathway to induce 

pro-infl ammatory phenotypes within the cerebral endothelium
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The selec  vely permeable blood-brain barrier (BBB) of the central nervous system (CNS) partly consists of a 
specialised endothelium that is subject to mechanical, metabolic and infl ammatory disrup  on following CNS 
trauma. Tumour necrosis factor (TNF), a cytokine central to the vascular infl ammatory response, acts through 
two receptors, TNFR1 and TNFR2, to elicit diverse changes in endothelial physiology. We previously reported 
that TNF induces a biphasic weakening and subsequent strengthening of interendothelial adhesion. This study 
inves  gated how diff eren  al modula  on of TNF receptors aff ects this behaviour. We used receptor-selec  ve 
ligands in combina  on with ECIS-Zθ technology to monitor the receptor-specifi c barrier proper  es of the human 
cerebral microvascular endothelial cell (hCMVEC) infl ammatory response. Addi  onally, mul  plex cytokine bead 
arrays were used to determine the receptor dependency of soluble factor release in infl ammatory ac  va  on. 
TNF acts through TNFR1 alone to modulate endothelial barrier strength via altera  on to both cell-basal and 
cell-cell adhesion. Inhibi  on of the PI3K/Akt/NF-κB pathway ablates its ac  va  on by TNFR1, as observed 
immunocytochemically, and prevents TNFR1-mediated endothelial barrier altera  on. Profi ling of factors released 
by the cerebral endothelium in response to receptor-selec  ve agonists reveal that whilst TNFR2 does not promote 
infl ammatory ac  va  on, there is varied release of cytokines induced through TNFR1 and its ac  va  on of PI3K/Akt 
signalling. Currently, infl ammatory BBB disrup  on following neurological trauma poses an obstacle to eff ec  ve 
rehabilita  on. By inves  ga  ng the signalling role of the major infl ammatory cytokine, TNF, within the cerebral 
endothelium and the cellular responses it evokes, more well-defi ned and poten  ally therapeu  c targets could 
be iden  fi ed. 
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Hearing, seeing, and feeling speech: A pilot EEG study
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Speech percep  on plays an essen  al role in our everyday communica  on. While auditory signals alone can 
be suffi  cient to understand speech, many studies have shown that speech percep  on is a mul  modal process, 
relying also on visual and tac  le (cutaneous air puff s) speech informa  on, especially when the auditory signal is 
degraded. Our recently completed behavioural study on congruent audio-visuo-tac  le integra  on during speech 
percep  on was the fi rst to show an advantage for iden  fying tri-modal audio-visuo-tac  le signals compared to 
uni- and bimodal s  muli. While there was a behavioural advantage, we do not yet understand how the brain 
integrates auditory and tac  le speech informa  on, let alone all three modali  es together. The current pilot EEG 
study aimed to iden  fy these eff ects. EEG was recorded from six listeners during  four speech percep  on condi  ons: 
auditory only, audio-visual, audio-tac  le and audio-visuo-tac  le. The auditory signals consisted of an aspirated 
“pa” and an unaspirated “ga”. The tac  le signal involved a slight, inaudible air puff  presented synchronously with 
the auditory signal. Preliminary results indicate a signifi cantly lower amplitude (p=.05) and earlier onset (p=.05) 
of the N100 auditory event-related poten  als (A-ERP) when processing audio-visual compared to audio-only 
signals. This fi nding is consistent with previous A-ERP studies on audio-visual speech percep  on, indica  ng that 
presence of bi-modal informa  on facilitates processing. N100 responses were also signifi cantly earlier for audio-
tac  le (p<.01) and audio-visuo-tac  le (p=.05) compared to audio-only s  muli. While amplitude diff erences were 
approaching signifi cance for the audio-visuo-tac  le condi  on, they were not signifi cant (p=.18) for the audio-
tac  le compared to audio-only s  muli. These neurophysiological fi ndings corroborate our behavioural fi ndings, 
and strongly mo  vate a large-scale study on the eff ects of tri-modal integra  on in speech percep  on.
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Oddball event-related poten  als in Parkinson’s disease pa  ents with normal cogni  on
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Parkinson’s disease (PD) aff ects mul  ple neural pathways in the brain and is more than just a motor disorder. 
Event-related poten  als (ERPs) diminish in Parkinson’s and Alzheimer’s demen  as, but we here examined ERPs 
in PD pa  ents with normal cogni  on (N=32) compared to age-matched healthy controls (HC, N=20). EEG was 
recorded during a single session while the par  cipant completed a 3-s  mulus visual oddball task (frequent 
standard, infrequent target, and infrequent distractor). We focused on the Cz electrode and found higher N100 
amplitude in PD par  cipants than HCs for both target (PD=-3.4±2.5μV, HC=-2.17±1.3μV, p=0.018) and standard 
(PD=-2.7±1.6μV, HC=-1.8±1.0μV, p=0.023) s  muli. We also found higher P300 amplitudes in PD par  cipants for 
both target (PD=4.4±2.4μV, HC=2.6±2.0μV, p=0.016) and distractor (PD=4.5±3.3μV, HC=3.4±2.6μV, p=0.027) 
s  muli. Within each group, we did not fi nd a sta  s  cal diff erence between ERP components for target and 
distractor pairs. The PD par  cipants had higher mean reac  on-  me (RT=0.54s) than HCs (RT=0.49s; p=0.019). 
Contrary to our expecta  on, the P3 component of ERP was increased, rather than decreased, for PD pa  ents. 
This may suggest increased a  en  on is allocated to the oddball task by PD pa  ents with non-impaired cogni  on 
in order to maintain accurate performance. Future work on PD pa  ents with mild cogni  ve impairment and 
demen  a is expected to show a shi   toward decreased P100 and P300 amplitudes. 

Poster 9.18
Popula  on plas  city at the cerebellar Parallel fi bre to Purkinje neuron synapse
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Long term depression (LTD), a form of plas  city found at the Parallel fi bre (PF) – Purkinje neuron (PN) synapse, is 
cri  cal for motor learning in the cerebellum. Monitoring PN ac  vity and plas  city is essen  al to understanding 
their role in motor learning. PN outer dendrites, the site of LTD induc  on, are diffi  cult to access. Therefore 
LTD has classically been studied via single cell patch clamp electrophysiology recordings from the soma. 
To circumvent these diffi  cul  es we developed a transgenic mouse expressing a gene  cally encoded voltage 
indicator (Bu  erfl y2.1, Bfl y) specifi cally in PNs, allowing us to examine synap  c plas  city in mul  ple PNs and their 
dendrites simultaneously. Using slices from transgenic mice we performed fast fl uorescence voltage imaging (100 
Hz) of Bfl y responses. In the presence of 10μM Gabazine an LTD induc  on protocol combining high frequency PF 
s  mula  on (5x 100Hz) with a single climbing fi bre s  mula  on (120ms delay between s  mula  ons) was repeated 
at 1Hz for 5 minutes. BFly responses to paired pulse PF s  mula  ons were monitored for 30 minutes prior to LTD 
(baseline), and 60 minutes post LTD. Recordings were averaged in 10 minute bins. Results show a decreased 
response to PF input immediately a  er LTD induc  on compared to baseline (P<0.0001, 10-20 min post), which 
is maintained for at least 60 minutes (P=0.0004, 50-60 min post). LTD was detected from mul  ple PNs across 
the folia and was blocked via metabotropic glutamate receptor nega  ve allosteric modulator JNJ16259685. Our 
results show how voltage imaging can successfully examine dendri  c synap  c responses and plas  city at mul  ple 
PF-PN synapse sites, a task previously impossible using classical electrical recording techniques.
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Func  onal circuitry of basal forebrain underlying enhanced a  en  on by reward an  cipa  on
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The basal forebrain – composed of distributed nuclei including substan  a innominate, nucleus basalis and nuclei 
of the diagonal band of Broca – plays a crucial neuromodulatory role in the brain. In par  cular, its projec  ons 
to the prefrontal cortex have been shown to be important in a wide variety of brain processes and func  ons, 
including a  en  on, learning and memory, arousal, and decision-making. In the present study, we asked whether 
the basal forebrain is involved in recruitment of cogni  ve eff ort in response to reward related cues. This interac  on 
between mo  va  on and cogni  on is cri  cally impacted in psychiatric condi  ons such as schizophrenia. Using 
the Designer Receptor that is Exclusively Ac  vated by a Designer Drug (DREADD) technique combined with our 
recently developed signalled probability sustained a  en  on task (SPSA), which explicitly assays the interac  on 
between mo  va  on and a  en  on, we sought to determine the role of the basal forebrain in this interac  on. 
Rats were stereotaxically injected in the basal forebrain with either hM4D (a virus that expresses receptors 
which silence neurons in the presence of the drug clozapine-N-oxide; CNO) or a control virus, and then tested 
in the SPSA. Behaviour of rats during baseline and under saline control condi  ons indicated an eff ect of reward 
probability, with accuracy on high probability trials being greater than accuracy on low probability trials. In the 
presence of CNO, diff eren  al accuracy of hM4D rats on high and low signalled probability trials was abolished. 
These results indicate that the basal forebrain is cri  cal for the mo  va  onal recruitment of a  en  on in response 
to reward-related cues.

Poster 9.20
Designing, measuring and modelling a small-scale coil and s  mula  on circuit for 

Transcranial Magne  c S  mula  on
F. A. KHOKHAR, D. A. STEYN-ROSS, and M. T. WILSON

School of Engineering, University of Waikato, Hamilton, New Zealand

In Transcranial Magne  c S  mula  on (TMS) rapid electromagne  c (EM) fi elds are applied to the brain, via an 
external current-carrying coil. This technique has been tried for many neurological disorders such as stroke, 
Parkinson’s disease and major depression. The fundamental eff ects of TMS are poorly understood so there is a 
need to carry out invasive measurements on mice to gain deep understanding about the underlying principles of 
TMS. However, this requires smaller coils than used for a human, equivalent to the size of the mouse brain. Based 
on established physics principles we designed and built a cylindrical coil consis  ng of 50 turns of 0.2 mm diameter 
copper wire around a 4 mm diameter so   ferrite core. We built a simple electronic circuit to discharge a capacitor 
through this coil. With an applied voltage of 45 V, we measured the magne  c fl ux density (B-fi eld) with a Hall 
probe as 338 mT and induced electric fi eld (E-fi eld) with a wire loop as 10 – 15 V/m. The temperature increased by 
31°C a  er 1200 pulses at 5 Hz. We modelled the coil using MATLAB which gave similar B-fi eld and E-fi eld results 
of around 500 mT and 8 V/m respec  vely. Although this coil performs be  er than previously constructed mouse 
coils, the EM fi elds are s  ll considerably lower than those of typical human coil of 2 T and 250 V/m. This now 
allows us to s  mulate mouse brains with higher B-fi elds and E-fi elds than in previous experiments.
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Preterm birth and childhood psychopathology: Linking neonatal neurological altera  ons 

with the preterm behavioural phenotype
G. C. FITZALLEN1,2, M. C. GHAZAWY1, and S. BORA1

1Mater Research Ins  tute, Faculty of Medicine, 2School of Psychology, Faculty of Health and 
Behavioural Sciences, University of Queensland, Brisbane, Australia

Preterm birth is associated with a 2-to 4-fold increased risk of childhood psychopathology rela  ve to full-term 
birth, with an inverse rela  onship between gesta  onal age at birth and later risk and severity of psychopathology. 
It is now well recognised that the ae  ology and manifesta  on of symptomatology in this high-risk popula  on 
may be dis  nct from typical presenta  ons. Consequently, the preterm behavioural phenotype was proposed. 
It describes a unique, consistent, and comorbid pa  ern of emo  onal and behavioural adjustment diffi  cul  es 
which are characteris  c of a  en  on-defi cit/hyperac  vity disorder, au  sm spectrum disorder and anxiety 
disorders. The current study is a systema  c review, in adherence to the Preferred Repor  ng Items for Systema  c 
Reviews and Meta-Analyses guidelines, to describe the neonatal neurological correlates of the preterm 
behavioural phenotype. Data were extracted from 18 peer-reviewed studies, published in English between 1990 
and 2018. Results show that both brain injury (predominantly white ma  er injuries) and altered pa  erns of 
structural brain matura  on during the neonatal period are associated with the preterm behavioural phenotype 
symptomatology. Along with evidence of global matura  onal defi cits, the dorsal prefrontal region, limbic system 
and cerebellum appeared par  cularly vulnerable. These fi ndings were generally robust to sta  s  cal adjustment 
for family social disadvantage associated with preterm birth, highligh  ng the poten  al role for early adverse 
neurological experiences on the development of psychopathology in this high-risk popula  on.
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U  lity of acous  c cry characteris  cs assessment as a poten  al marker of neurological 

integrity in high-risk infants
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Neonatal neurological examina  ons are rou  nely performed in high-risk clinical se   ngs to assess the matura  on 
and integrity of the central and peripheral nervous system. However, these examina  ons can be  me-consuming, 
may require formal training and specifi c equipment, and must be performed by healthcare professionals. Thus, 
accessibility in low-resource se   ngs is a major issue and alterna  ve assessments are warranted. If diagnos  c 
u  lity can be established, the quality and/or quan  ty of an infant cry, briefl y assessed as part of a structured 
neurological examina  on, represents a poten  al op  on to assess neurological integrity that is both accessible 
and independent. Moreover, studies have reported higher fundamental frequency (f0) and shorter cry dura  on 
in infants at risk of au  sm and those exposed to methadone or cocaine prenatally, rela  ve to healthy comparison 
infants, which may be indica  ve of underlying neurological abnormali  es. A systema  c search of major clinical 
databases was conducted using relevant terms that yielded 13,805 references, of which 11 studies reported 
associa  ons between acous  c cry characteris  cs and concomitant neurological outcomes. Overall, a higher f0 
was found in infants at risk of neurological impairments, including those presen  ng with perinatal asphyxia, 
intraventricular haemorrhage, and congenital hydrocephalus. Addi  onally, a higher f0 correlated with poorer 
scores on a subset of neonatal neurobehavioral assessments. Despite the considera  on of cry dura  on in neonatal 
neurological examina  ons, the length of cry showed inconsistent associa  ons with neurological outcomes. 
In conclusion, exis  ng studies suggest that there is enough preliminary evidence to jus  fy the systema  c 
inves  ga  on of the predic  ve u  lity and diff eren  al diagnosis of acous  c cry characteris  cs for neurological 
outcomes of high-risk neonatal popula  ons.
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Age- and gender-specifi c changes of the GABA signalling components in the human hippocampus
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University of Auckland, Auckland, New Zealand

Gamma-aminobutyric acid (GABA) is the primary inhibitory neurotransmi  er in the nervous system. The GABA 
signalling system in the brain is comprised of GABA synthesizing enzymes and GABA transporters, GABAA and GABAB 
receptors (GABAAR and GABABR). Diff erences in the expression of signalling components have been observed 
throughout normal aging and between genders in rodents and non-human primates. A brain area that is impaired 
during aging and age-related disorders is the hippocampus, the memory centre of the brain. It is composed of 
two main regions the Cornu Ammonis (CA1-4) and the Dentate Gyrus. These structures are interconnected with 
the adjacent Entorhinal Cortex (ECx). The age- and gender-specifi c changes of GABA signalling components in 
these regions of the human brain have not been studied. This study is the fi rst to determine the eff ect of age 
and gender on the expression of GABA signalling components in the DG, CA1 and ECx, in four main case groups 
(younger males, older males, younger females, older females) using Western Blo   ng. Our results show increase 
in GABAAR γ2 subunit expression with age in males but not females, with older males having signifi cantly higher 
γ2 expression in comparison to older females in each region of the hippocampus and the ECx. There are no 
signifi cant changes in the expression of α1, α3, 5, β3 GABAAR subunits and GABA synthesising enzymes across 
all four groups. In conclusion, gender-specifi c changes in GABAAR subunit composi  on may infl uence receptor 
func  on throughout normal aging and aff ect GABAergic inhibi  on within the hippocampus.

Poster 9.24
Maternal immune ac  va  on aff ects hippocampal nNOS immunoreac  vity and microglia in 

postnatal day 35 rat off spring
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Maternal immune ac  va  on (MIA) during mid-gesta  on leads to increased risk of schizophrenia in off spring 
during adulthood. Experimentally, MIA can be induced by a single systemic administra  on of the synthe  c 
cytokine inducer polyinosinic–polycy  dilic acid (PolyI:C) at gesta  onal day 15 in rats. We have recently reported 
that MIA leads to increased intensity of neuronal nitric oxide synthase (nNOS)-immunoreac  ve cells, but 
impaired microglial migra  on and matura  on, in the hippocampus of off spring at postnatal day (PND) 2. It is 
unclear, however, whether the eff ects of MIA on nNOS and microglia in off spring are transient or long-las  ng. 
Using immunohistochemistry, the present study compared the immunoreac  ve profi les of nNOS and IBA-1 in 
the hippocampus of male and female MIA off spring at PND35 (equivalent to human juvenile) with their age- and 
sex-matched controls (n = 5/group/sex). MIA off spring at both sexes displayed signifi cantly increased number 
of nNOS-posi  ve cells, but reduced density of microglia, in the CA1, CA3 and dentate gyrus sub-regions of the 
hippocampus rela  ve to their sex-matched controls. In conjunc  on with our recent work on PND2 MIA off spring, 
the present results demonstrate that a single MIA insult during mid-gesta  on has long-las  ng eff ects on nNOS 
and microglia during postnatal development. Given the cri  cal roles of nNOS and microglia in neurodevelopment, 
these changes may contribute signifi cantly to the func  onal defi cits seen in adult MIA off spring. 
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MicroRNA expression in the diagnosis of Parkinson’s disease
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Parkinson’s disease (PD) is characterised by progressive loss of dopaminergic neurons in the substan  a nigra. 
As PD can only be diagnosed clinically, misdiagnosis rates can o  en be high. With an aging popula  on, there is an 
urgent need to iden  fy novel biomarkers to aid in the accurate diagnosis of PD. MicroRNAs (miRNAs) are small 
non-coding RNAs which can be easily obtained from various biofl uids, including blood plasma. This pilot study 
aimed to fi nd miRNAs in plasma capable of diff eren  a  ng between PD and controls. A cohort of 11 pairs of PD 
pa  ents, and age and sex-matched controls were included. Clinical assessments conducted include the Unifi ed 
Parkinson’s Disease Ra  ng Scale (UPDRS) and the Montreal Cogni  ve Assessment (MoCA), which assess disease 
progression and cogni  ve abili  es, respec  vely. Other parameters tested include sleep quality, anxiety, depression, 
and dyskinesia severity. Here, custom-designed low-density TaqMan arrays targe  ng 187 neuropathology-related 
microRNAs were used; 10 miRNAs were found to be diff eren  ally expressed (two-tailed t-tests, p<0.05). Of these 
10 miRNAs, 4 were upregulated (fold change 1.21 to 8.36) and 6 downregulated (fold change 0.35 to 0.77). 
Receiver operator characteris  c curve analysis of combina  ons of these 10 miRNAs demonstrated sensi  vity and 
specifi city rates between 81.82-100%. Bioinforma  c analysis found the 10 diff eren  ally expressed miRNAs to 
be associated with NFκB and ubiqui  n-associated pathways, dysfunc  ons of which are considered poten  al risk 
factors for developing PD. These results suggest that plasma miRNA levels are altered in PD and could poten  ally 
refl ect underlying molecular patho  logy. 
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Inves  ga  ng liposomes for local drug delivery in spinal cord injury
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In New Zealand, spinal cord injury (SCI) aff ects ~170 people annually and is primarily caused by motor vehicle 
accidents, falls or sports injuries. Development of targeted drug delivery is needed to limit side eff ects of current 
SCI therapies. To inves  gate targeted delivery, we tested hyaluronic acid (HA) tagged liposomes. CD44, a receptor 
for HA, is upregulated on glial cells in damaged spinal cord  ssue. To determine appropriate  me-frames for 
liposome delivery, immunohistochemistry was carried out on injured rodent spinal cord  ssue from day 1 to 14 
a  er injury using an  bodies against CD44 and fi brinogen (a marker of blood-spinal cord barrier leakiness). Our 
results showed maximum CD44 and fi brinogen staining 1 day a  er SCI, which was s  ll present but decreased by 
14 days. Based on these results, liposomes were injected 1 day and also 7 days a  er SCI, as at this  mepoint CD44 
and blood spinal cord barrier leakiness was s  ll present but at reduced levels. Rhodamine labelled liposomes 
were injected by tail vein into spinal cord injured rats. Spinal cord  ssue was labelled with an  bodies against 
GFAP, CD44 or CD68 to inves  gate co-localisa  on of liposomes with glia. Liposomes could not be defi ni  vely 
demonstrated in the spinal cord. In vitro fl ow cytometry analysis of blood samples showed rapid clearance of 
liposomes and analysis of spleen, liver, and kidney  ssue showed the presence of liposomes. This suggests that 
liposomes were rapidly cleared and more research is needed to develop this into an eff ec  ve local treatment of 
SCI.
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ECIS technology for the genera  on of a strong and durable paracellular barrier
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and E. S. GRAHAM1,2
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An important area of blood-brain barrier (BBB) biology is understanding how the physical proper  es of a BBB 
endothelial barrier are formed and regulated under normal physiological homeostasis, as well as during disease 
states. For in vitro based research this requires advanced technologies to inves  gate the barrier func  on in real-
 me and in a non-invasive con  nuous manner. In this study, we highlight the power and u  lity of electrical 

cell-substrate impedance sensing (ECIS) biosensor technology to reveal massive diff erences in the capability of 
brain endothelial cells to form a barrier under varied culture condi  ons. Brain endothelial cells were cultured 
in either medium reputed for barrier strengthening compounds or in a low serum, growth factor-free medium. 
ECIS was used to model the parameters of the physical barrier associated with (i) the paracellular space (Rb) and 
(ii) the basal adhesion of the endothelial cells (α). We demonstrate the power of ECIS to reveal that diff erences in 
culture condi  ons have substan  al eff ects on barrier forma  on, especially at the level of paracellular resistance. 
Finally, we show that the temporal changes observed in the paracellular Rb can be associated with changes in 
specifi c junc  onal proteins (CD144, ZO-1 and catenins), which have major roles in governing the overall strength 
of the endothelial junc  onal interac  ons. The u  lity of ECIS has provided a powerful means of assessing mul  ple 
aspects of brain endothelial barrier forma  on, maintenance, stability, and the op  mal condi  ons required for 
genera  on of strong (and stronger for longer) barriers. 
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The role of maternal obesity during oligodendrocyte development in the off spring amygdala
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Maternal obesity increases an off spring’s risk to neurodevelopmental disorders, with children of obese mothers 
showing a greater disposi  on to Au  sm Spectrum Disorder (ASD). Mechanis  cally, ASD is characterized by neural 
circuit disrup  ons in regions such as the amygdala, with altered development or func  onality impac  ng its 
behavioural and emo  onal regulatory roles. Whether maternal obesity disrupts amygdaloid development remains 
elusive. Preliminary qPCR results have shown elevated Chd7 mRNA expression, which encodes a protein involved 
in oligodendrocyte (OL) development, in the off spring of maternal high fat diet (mHFD) fed dams. This suggests 
amygdaloid myelina  on may be deregulated. To inves  gate this, female C57BL/6 mice were assigned a control 
or high fat diet at 4 weeks of age, before ma  ng at 8 weeks of age. Off spring were collected at Gesta  onal Day 
17.5 (GD17.5) and Postnatal Day 10 (P10), and their brains extracted, with 20μm sec  ons being prepared through 
the amygdala. Using immunohistochemical techniques, the OL lineage marker Olig2 was labelled for at GD17.5, 
with Olig2-IR cells being counted. The mature OL marker Myelin Basic Protein (MBP) was labelled for at P10, with 
integrated density analyses determining myelin expression levels. While Olig2-IR cells counts at GD17.5 remained 
unchanged, MBP expression within the amygdala at P10 increased signifi cantly in the off spring of mHFD fed 
dams. This suggests that while OL progenitors or overall OL number aren’t aff ected, diff eren  a  on may occur 
prematurely, leading to precocious amygdaloid myelina  on. Given myelin’s role in axonal conduc  on, necessary 
during ac  vity dependent neural network development, this may provide a mechanis  c link between maternal 
obesity and the neural disturbances causal to ASD in the off spring.
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The eff ect of AAV mediated knockdown of xylosyltransferase-1 in reac  ve astrocytes

M. C. CAO1, D. YOUNG2, J. M. GRIFFIN1, and S. J. O’CARROLL1

1Department of Anatomy and Medical Imaging, 2Department of Pharmacology, 
University of Auckland, Auckland, New Zealand

Spinal cord injury urgently requires therapeu  c interven  ons that permit func  onal recovery. In order for this 
to occur, synap  c plas  city is crucial. One of the barriers to plas  city is a structure called the glial scar that 
forms at the site of injury. The glial scar forms as the result of reac  ve astrocytes, which release several factors 
into the extracellular matrix that inhibit axonal outgrowth. One of the major inhibitory factors are a family of 
proteoglycans known as chondroi  n sulphate proteoglycans (CSPGs). Their inhibitory proper  es are determined 
by their glycosaminoglycan (GAG) side chains. In an eff ort to render CSPGs non-inhibitory, we targeted an enzyme 
that is involved in GAG side chain biosynthesis, xylosyltransferase-1. Previous studies have u  lised deoxyribozymes 
against XT-1 to decrease produc  on of GAG side chains, and have subsequently found improved axon regenera  on 
around the lesion in vivo. To test a safer way to downregulate expression of XT-1, we u  lised ar  fi cial microRNA 
sequences for knockdown instead of deoxyribozyme and delivered this into primary rat astrocytes using the non-
immunogenic adeno-associated virus (AAV) vector. We have developed an in vitro model of reac  ve astrocytes 
using TGF-1 to induce CSPG produc  on. Astrocyte-specifi c transduc  on with the AAV vector (AAV5 serotype) 
was achieved with low toxicity observed in cultures. Preliminary results with the AAV-miXT1 show a decrease in 
CSPG-GAG secre  on from reac  ve astrocytes, demonstra  ng that this delivery method may be a viable means 
of reducing inhibi  on on axon growth. The downregula  on of xylosyltransferase-1 expression and its func  onal 
signifi cance remain to be further inves  gated. 

Poster 9.30
Theory of mind in Parkinson’s disease: A longitudinal follow-up

M. LIVINGSTONE1,2,3, B. ELIAS1,2,3, J. GOH1,2,3, E. PETERSON1,2,3, M. GOULDEN1,2,3, D. MYALL1,2,5, 
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R. SHOORANGIZ1,2,4, and J. DALRYMPLE-ALFORD1,2,3,5

1Brain Research New Zealand – Rangahau Roro Aotearoa, 2New Zealand Brain Research Ins  tute, 
Christchurch, New Zealand

3Department of Psychology, 4Department of Electrical and Computer Engineering, 
University of Canterbury, Christchurch, New Zealand

5Department of Medicine, 6Department of Physiotherapy, University of Otago, 
Christchurch, New Zealand

Theory of Mind (ToM) refers to the ability to understand the thoughts and feelings of others, and predict 
behaviour based on inference of others’ mental states. Research suggests that ToM may be compromised in early 
Parkinson’s disease (PD), prior to the emergence of other cogni  ve dysfunc  ons. We examined neuropsychological 
outcomes in pa  ents with idiopathic PD and rela  vely normal cogni  on who had been randomised to either an 
8-month combined cogni  ve and physical exercise interven  on (n=22) or an ac  ve-control group (usual care 
plus researcher contact; n=20). Interim analyses on performance in a ToM card-sor  ng task in a subsec  on of PD 
pa  ents rela  ve to age- and sex-matched healthy controls (HC; n=28) showed lower scores in the PD interven  on 
group (p=.02) at baseline but not in the PD ac  ve-control group. Post-interven  on follow-up revealed increased 
ToM scores (p=.01) in the PD interven  on group rela  ve to baseline, but no diff erences were found for HC or PD 
ac  ve-control groups. Ten months a  er the end of trial, no signifi cant diff erences were found between the two 
PD groups with no eff ect of  me on ToM performance. Hence, the addi  on of cogni  ve enrichment and physical 
ac  vity in PD pa  ents with rela  vely intact cogni  on may have li  le eff ect on improving theory of mind func  on 
in these pa  ents. 
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Reduced heart rate variability in SERT knockout rats: Further transla  onal validity as an 

animal model of depression and anxiety
M. KIDWELL and B. ELLENBROEK

School of Psychology, Victoria University of Wellington, Wellington New Zealand

Abnormali  es in heart rate variability (HRV) have been observed in humans presen  ng with a variety of psychiatric 
illness, including depression and anxiety, however, to date the examina  on of HRV in animal models of psychiatric 
illness remains understudied. Gene  c reduc  ons the serotonin transporter (SERT) func  on have been associated 
with anxiety and depressive disorders in humans. Therefore, this study sought to examine HRV altera  ons in 
animals expressing a gene  c reduc  on in SERT; these animals have previously shown depression-like symptoms 
such as anhedonia through reduced social reward and play behaviour, and increased anxiety-like behaviour 
in the successive alleys paradigm. HRV was assessed in SERT knock-out rats over 24 hours in the home cage. 
Furthermore, the change in HRV in response to a mild stressor (novel environment) and a moderate stressor 
(intraperitoneal saline injec  on) were also examined. A basal reduc  on in HRV was observed in SERT-/- rats in 
comparison to SERT+/+ rats. These diff erences were seen in both the  me- and frequency domain, and were 
most apparent in parameters probing the parasympathe  c nervous system. Diff erences in propor  onal change 
in response to stressors were also observed, with SERT-/- primarily exhibi  ng a muted change, again primarily 
in parasympathe  c nervous system related parameters. Together these physiological data are in line with the 
behavioural features of the animals, and suggest that the SERT knock-out rats may represent a transla  onally 
valid animal model for depression and anxiety. 

Poster 9.32
Cerebellar degenera  on correlates with motor symptoms in Hun  ngton’s disease 

M. D. R. AUSTRIA1,2, M. K. SINGH-BAINS1,2, N. F. MEHRABI1,2, T. SEHJI1,2, A. TAN1,2, V. M. HOGG1,3, 
L. J. TIPPETT1,3, H. J. WALDVOGEL1,2, and R. L. M. FAULL1,2

1Centre for Brain Research, 2Department of Anatomy and Medical Imaging, 3Department of 
Psychology, University of Auckland, Auckland, New Zealand

Hun  ngton’s disease (HD) is an autosomal dominant neurodegenera  ve disorder characterized by variable motor 
and behavioural symptoms a  ributed to major neuropathology of mainly the basal ganglia and cerebral cortex. 
The role of the cerebellum, a brain region involved in the coordina  on of movements, in HD neuropathology 
has been controversial. This study u  lised post-mortem human brain  ssue to inves  gate whether Purkinje cell 
degenera  on in the neocerebellum is present in HD, and how this relates to disease symptom profi les. Unbiased 
stereological coun  ng methods were used to quan  fy the total number of Purkinje cells in eight HD cases and fi ve 
neurologically normal control cases. Based on their predominant symptoms, the HD cases were categorised into 
two groups: “motor” or “mood”. The results demonstrated a signifi cant drama  c 31% loss of Purkinje cells in HD 
cases with predominantly motor symptoms, and no cell loss in cases showing a major mood phenotype. There 
was no signifi cant correla  on between Purkinje cell loss and striatal neuropathological grade, post-mortem delay, 
CAG repeat in the IT15 gene or age at death. This study showed a clear correla  on between Purkinje cell loss in 
the neocerebellum of HD cases showing a predominant motor symptom phenotype, which, together with our 
previous human brain studies on the same HD cases, provide novel perspec  ves interrela  ng and correla  ng the 
variable cerebellar, basal ganglia and neocor  cal neuropathology with the variability of motor/mood symptom 
profi les in the human HD brain.



57

A

Poster 9.33
The eff ect of Tonabersat in reducing chronic infl amma  on following spinal cord injury
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4School of Life Sciences, University of Technology, Sydney, Australia

Spinal cord injury has been shown to induce an ongoing chronic infl ammatory state, beginning as soon as a few 
weeks post injury and some  mes persis  ng for years. This state of ongoing infl amma  on creates an inhibitory 
milieu around the injury site resul  ng in the inhibi  on of axonal repair/regenera  on and the onset of neuropathic 
pain in pa  ents. Connexin 43 hemichannels have been shown to be a major component in perpetua  ng this 
infl ammatory state. Tonabersat is a validated hemichannel modula  ng drug which we have used to block these 
Connexin 43 hemichannels in an eff ort to reduce the chronic infl ammatory environment. To date there are no 
therapies available which successfully limit this state of chronic infl amma  on. In order to inves  gate whether 
Tonabersat reduces chronic infl amma  on, we u  lised a chronic contusion spinal cord injury rat model. Following 
ini  al contusion, the animals were given a 6 week period for the chronic infl amma  on to manifest, a  er which 
Tonabersat was administered orally for a 4 week period. The eff ect of Tonabersat on astrogliosis and microgliosis 
was examined. The treated animals showed a reduc  on in the level of astrocyte staining compared to non-
treated animals. Addi  onally we saw a reduced presence of microglia around the lesion between treated and 
non-treated animals. These data indicate that connexin hemichannel modula  on may be able to alleviate chronic 
spinal cord infl amma  on and poten  ally improve long-term outcomes.

Poster 9.34
Amyloid- increases SH-SY5Y neuroblastoma cell viability

N. POTEMKIN1,2, W. P. TATE2, and J. M. WILLIAMS1,2

1Department of Anatomy, 2Department of Biochemistry, Brain Health Research Centre, Brain Research 
New Zealand - Rangahau Roro Aotearoa, University of Otago, Dunedin, New Zealand

Inves  ga  ng the cellular eff ects of Amyloid-b (Ab) is crucial to understanding the molecular biology of Alzheimer’s 
disease (AD). Reports of the cytotoxic eff ects of the pep  de vary considerably, and a robust and consistent 
screening pla  orm is needed to assess cell viability in response to Ab insult. Here, we aimed to develop such 
a screening pla  orm by examining the response of SH-SY5Y neuroblastoma cells to treatment with exogenous 
A1-42. First, we compared the MTT and resazurin cell viability assays. The la  er reported greater loss of cell 
viability (-24.6% ± 6.3, -50% ± 2.8 respec  vely; Z=4.000, 3.449; p<0.01) as well as signifi cantly less variability 
(variance= 38.06, 7.86 respec  vely; F=3.12; p<0.05), sugges  ng that resazurin is more valid as a cell viability 
assay for in vitro AD research. Second, our study revealed that “ageing” A1-42 for 3 days in aCSF was suffi  cient 
to produce higher-order oligomers, considered to be the more toxic forms of the pep  de. Finally, using these 
op  mised methods, we discovered that treatment of SH-SY5Y neuroblastoma cell cultures with up to 40 mM 
aggregated A1-42 caused a signifi cant increase in cell viability above aCSF alone (36% ± 4; Z=-5.57; 2=46.7; 
p<0.001). While the mechanism behind this observed increase in cell viability is unclear, these results suggest 
that care must be taken when inves  ga  ng eff ects of Ab on cell cultures. Ab insult of SH-SY5Y neuroblastoma cells 
is not an ideal model for preclinical AD research. 
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ATP13A2: Characteriza  on of novel human iPS cell models of Parkinson’s and Ba  en’s disease
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Muta  ons in ATP13A2 lead to the development of two dis  nct neurological disorders, Kufor-Rakeb Syndrome, 
a juvenile parkinsonism and CLN12 Ba  en disease, a lysosomal storage disease. The underlying pathology of 
Parkinson’s Disease (PD) is currently unknown, though the accumula  on of misfolded proteins suggests that 
improper disposal of aggregate-prone proteins has an important role. Accordingly, 18 genes linked to familial 
forms of PD involve muta  ons in PARK genes which encode proteins that are involved with the autophagosome-
lysosomal pathway. Conversely, Ba  en disease is a be  er characterised lysosomal storage disorder. PD associated 
muta  ons, including ATP13A2, have been modelled in animal and cell models, though none fully recapitulate the 
pathology seen in humans. It is impera  ve to develop be  er models for disease study and high throughput drug 
screening. The aim of this work is to establish ATP13A2 models of Ba  en disease and PD to iden  fy why muta  ons 
in the same gene cause diff erent disease outcomes. Our approach is to knockdown ATP13A2 expression using 
CRISPRi, examine the eff ects on pathology and then assess which of these pathologies can be corrected with 
diff erent forms of ATP13A2. To date we have successfully cloned CRISPRi constructs into len  viral backbones, 
generated len  virus and used these to generate ATP13A2 defi cient human iPSC lines. These cells are now ready 
for assessment of neuronal pathology, and poten  al rescue of pathology with Ba  en disease or PD related 
mutant ATP13A2 forms.   

Poster 9.36
Eff ects of connexin hemichannel blockade on cor  cal interneurons a  er global cerebral 

ischaemia in term-equivalent fetal sheep
P. YANG, T. FOWKE, R. GALINSKI, J. DAVIDSON, C. GREEN, L. BENNET, A. GUNN, and J. DEAN

Department of Physiology, University of Auckland, Auckland, New Zealand

Hypoxia-ischemia around the  me of birth is a major cause of brain injury in term born babies. There is increasing 
evidence that disrup  on of cor  cal GABAergic neurons may contribute to the persis  ng neurological defi cits in 
these infants. We previously reported that blockade of connexin hemichannel signalling using a mime  c pep  de 
can reduce hypoxic-ischemic brain injury. However, the eff ects on cor  cal GABAergic neurons are unknown. 
Foetal sheep at 0.85 gesta  on received reversible bilateral caro  d artery occlusion (30 min), followed by a 25-h 
intracerebroventricular infusion of vehicle (ar  fi cial CSF) or a specifi c mime  c pep  de that blocks connexin43 
hemichannels ini  ated 90 min a  er reperfusion. Sham control animals received sham ischemia. Four to six 
animals were used for each of the three groups: sham control, hypoxia-ischemia, and hypoxia-ischemia+pep  de. 
Sheep were killed 7 days a  er hypoxia-ischemia, and brain  ssues processed and stained for GABAergic neuronal 
markers including GAD, parvalbumin, calbindin-28k, and calre  nin. The densi  es of the cor  cal neurons (cells/
mm2) were compared between the three groups. Cerebral ischemia was associated with a marked reduc  on 
in the densi  es of cor  cal neurons expressing calbindin-28k and calre  nin, and a trend towards a reduc  on of 
neurons expressing GAD and parvalbumin. There was only a trend towards mild protec  on of various interneuron 
popula  ons with mime  c pep  de treatment. Cerebral hypoxia-ischemia in term-equivalent foetal sheep was 
associated with marked loss of cor  cal interneurons. However, astrocy  c connexin hemichannel blockade did 
not improve the cor  cal interneuron survival. Further studies with larger animal numbers are required to confi rm 
these fi ndings. 
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Valida  on of NODDI-MRI for detec  on of cor  cal brain injury following peripheral 

infl amma  on in neonatal rats
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Preterm infants have high rates of neurodevelopmental disabili  es associated with microstructural MRI changes. 
However, the exact rela  onship between MRI parameters and histopathological outcomes remains unclear. 
The Neurite Orienta  on Dispersion and Distribu  on Index (NODDI) is a novel diff usion MRI technique, proposed 
to measure neuronal branching. Here we aimed to validate the rela  onship between MRI-NODDI parameters 
and neuronal dendritogenesis during development of the cerebral cortex, and examine cor  cal changes in a 
preterm-equivalent rat model of infl ammatory brain injury. Experiment 1: Sprague-Dawley rat pups collected 
at postnatal day (PND) 1, 7, 14, and 21, and brain  ssues impregnated with Golgi solu  on or fi xed for ex-vivo 
MRI-NODDI analysis (9.4T). Experiment 2: Rats received daily intraperitoneal lipopolysaccharide (LPS; 0.3mg/
kg) on PND1–3, with recovery un  l PND21. Brain  ssues were collected for Golgi/MRI-NODDI. In Golgi  ssues, 
the complexity of pyramidal neurons in the somatosensory and motor cor  ces were assessed (Neurolucida). For 
MRI, the changes in frac  onal anisotropy (FA), orienta  on dispersion index (ODI), intracellular volume frac  on, 
and isotropic volume frac  on were calculated in the somatosensory cortex. LPS was associated with a signifi cant 
reduc  on in cor  cal volume at PND21, without evidence of cell death or loss of neurons. NODDI analysis showed 
a signifi cant decrease in cor  cal ODI, and increase in FA, at PND21. Golgi analysis also showed a signifi cant 
reduc  on in dendri  c complexity in the infragranular somatosensory cortex, and a signifi cant reduc  on in total 
dendri  c length in the motor cortex at PND21. Analysis of dendri  c changes and the rela  onship with NODDI 
parameters during development is ongoing. Valida  on of NODDI may provide a novel technique for assessing 
cor  cal pathology in preterm-born infants.

Poster 9.38
A comparison of the eff ects of abs  nence on MDMA and cocaine self-administra  on in rats

Q. HIGHGATE and S. SCHENK
Department of Psychology, Victoria University of Wellington, Wellington, New Zealand

3, 4-methylenedioxymethamphetamine (MDMA) is self-administered by laboratory animals but the latency to 
acquire self-administra  on is rela  vely long and not all rats acquire self-administra  on. We have suggested 
the preferen  al release of serotonin (5-HT) during ini  al exposure limits the development of MDMA self-
administra  on. However, following repeated exposure, MDMA-s  mulated 5HT release is reduced and MDMA-
s  mulated dopamine (DA) is increased. As is the case following self-administra  on of other psychos  mulants, 
including cocaine, the sensi  zed DA response is persistent. Unlike cocaine self-administra  on, there is recovery 
of MDMA-s  mulated 5-HT following abs  nence. If 5-HT inhibits self-administra  on, then abs  nence and the 
recovery of 5HT neurotransmission would be expected to selec  vely a  enuate the reinforcing eff ects of MDMA. 
To test this, we compared the eff ects of abs  nence on MDMA and cocaine self-administra  on. Six-hour daily 
MDMA or cocaine sessions were conducted un  l a total of 350 mg/kg had been self-administered. Following 
this, rats were randomly assigned to either a 0 or 14 days abs  nence group. Self-administra  on tes  ng then 
con  nued for an addi  onal seven days. The latency to self-administer 350mg/kg was shorter for rats that self-
administered cocaine. The temporal distribu  on of responding within each test session also diff ered; MDMA 
self-administra  on was high during the fi rst hour of each session, and decreased during subsequent hours 
whereas cocaine self-administra  on was evenly distributed throughout each hour of the session. Abs  nence 
also preferen  ally decreased MDMA self-administra  on. This selec  ve reduc  on of MDMA self-administra  on 
following abs  nence is consistent with the idea that MDMA-s  mulated 5-HT release is inhibitory to MDMA self-
administra  on. 
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EEG-based res  ng-state func  onal connec  vity in Parkinson’s disease with normal cogni  on
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Func  onal connec  vity may refl ect cogni  ve func  on in Parkinson’s disease (PD). Here, we used 60-channel 
EEG to inves  gate res  ng state func  onal-connec  vity measures in PD pa  ents who retained normal cogni  on 
(N=35) versus age-matched healthy controls (N=20). EEG was recorded during a 10-min wakeful eyes-closed 
session; par  cipants were asked to open their eyes every 3 min to prevent sleep episodes. A  er visual inspec  on, 
stereotypical artefacts were minimized and surface Laplacian transforma  on applied. We used absolute weighted-
phase-lag-index between electrode pairs to measure func  onal connec  vity, computed across 2-s EEG segments 
followed by selec  on of delta, theta, and alpha wavebands (one connec  vity-network per frequency band). 
Based on graph theory, six measures – mean degree, mean clustering-coeffi  cient, transi  vity, global effi  ciency, 
modularity, and mean betweenness – were computed for each network to quan  fy diff erent func  onal aspects 
such as integra  on and segrega  on. Each frequency-band measure was dichotomized at one standard-devia  on 
above its median. Only mean connec  vity-degree in alpha band approached Bonferroni-adjusted signifi cance 
(p=0.07), being higher in the PD group (10.8±1.8) than the healthy group (9.1±1.9). Visual inspec  on of network 
degrees in alpha band suggested higher degrees of connec  vity in the posterior electrodes for PD group versus 
HCs. Rather than an  cipated frontal connec  vity defi cits, these fi ndings suggest that some aspects of stronger 
func  onal connec  vity may provide a mechanism for maintained cogni  on during early PD.

Poster 9.40
Arc protein expression in response to secreted amyloid precursor protein-α in primary 

hippocampal cultures
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Secreted amyloid precursor protein-α (sAPPα) is a neuroprotec  ve and memory-enhancing molecule, which 
precludes the produc  on of Aβ, a neurotoxic pep  de implicated in Alzheimer’s disease. The mechanisms through 
which sAPPα promotes these eff ects is rela  vely unknown. Recently, we have discovered sAPPα promotes the 
synthesis and traffi  cking of GluA1 AMPA receptors to enhance long-term poten  a  on (LTP) in acute hippocampal 
slices. Furthering this work, here we describe sAPPα’s ability to enhance the synthesis of the immediate early 
gene ARC. ARC protein is necessary for the forma  on of long-term memory and expression of late-phase 
LTP, and regulates AMPA receptor cell surface expression. Using hippocampal cell cultures (DIV 24-27) and 
immunocytochemistry we found that treatment with sAPPα (0.1nM, 1nM; 2h) promoted an increase in dendri  c 
ARC protein (p = 0.0002, <0.0001; n = 40-140 cells) but was not elicited by the closely related molecule sAPPβ. 
This eff ect of sAPPα was found to be dependent on CaMKs (p <0.0001, n = 51), MAPK (p = 0.0428; n = 51), and 
PKG (p = 0.0001; n = 43). Furthermore, this eff ect is mi  gated by use of the NMDAR antagonist APV (p = 0.0294). 
These results show, for the fi rst  me, a possible role of Arc protein in sAPPα-mediated plas  city. This work builds 
upon exis  ng research, aiming to further examine the mechanisms harnessed by sAPPα in order to promote 
plas  city at the synapse.
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Regional ΔFosB expression associated with chronic MDMA self-administra  on

R. VAN DE WETERING and S. SCHENK
School of Psychology, Victoria University of Wellington, Wellington, New Zealand

∆FosB is a par  cularly stable transcrip  on factor that has been suggested to regulate some of the long-
term neuroadap  ve changes related to the development of drug addic  on. It is well established that ∆FosB 
accumulates within the striatum and some other brain regions following chronic exposure to drugs of abuse. 
The impact of chronic MDMA exposure on ∆FosB accumula  on has not yet been determined, however, and was 
the purpose of the current study. Immunohistological analysis was used to map the expression of ∆FosB across 
several brain regions following the self-administra  on of 515 – 692 mg/kg MDMA over a 29 – 35 day period. 
Signifi cant increases in ∆FosB were observed in the prefrontal cortex (anterior cingulate, infralimbic, prelimbic), 
striatum (nucleus accumbens core and shell, medial caudate-putamen), amygdala (central and basolateral), and 
dorsal raphe, while no eff ect was observed in the lateral caudate-putamen, ventral-tegmental area (anterior, 
posterior tail), and median raphe. These results provide ini  al insight on the role of regional specifi c induc  on of 
ΔFosB and compulsive drug taking. 

Poster 9.42
Modelling the spiking behaviour of neurons in human cortex

S. C. MALLUWAWADU, D. A. STEYN-ROSS, M. L. STEYN-ROSS, and M. T. WILSON
School of Engineering, University of Waikato, Hamilton, New Zealand

Neurons receive and transmit informa  on via electrical and chemical signals. To date, there is a good 
understanding about the electrical behaviour of individual neurons. The ac  vity of large popula  ons of neurons 
can be described by mean-fi eld models. Those models describe popula  on ac  vity in terms of popula  on-average 
spike rates, but local fl uctua  ons and correla  ons in fi ring ac  vity are not yet clearly described. The Waikato 
Cor  cal Modelling Group has introduced a “true-fi eld model” to address this issue. This new model provides a 
more accurate mapping from single neuron-level events to the macroscopic level. In this approach, we consider 
a 2D con  nuum of iden  cal neurons that are coupled via both chemical and electrical synapses. The spiking 
behaviour of a single neuron is described by the H. R. Wilson point neuron equa  ons. The macroscale la   ce is 
then reblocked to form a coarser-grained network by elimina  ng the high-frequency spa  al modes. Tuning the 
model parameters to ensure biologically feasible spiking behaviour is a challenging task. This requires a careful 
balance between the parameter values such as the area of ac  on poten  al, the  me constants of the excitatory 
and inhibitory popula  ons, the mean number of synap  c connec  ons and the shape and dura  on of the post-
synap  c poten  als (PSPs). We demonstrate how these parameters aff ect the spiking behaviour of the interac  ng 
excitatory and inhibitory popula  ons. We show that the rela  ve areas of the excitatory and inhibitory PSPs are 
of crucial importance for realis  c dynamics. In par  cular, inhibitory PSPs need a signifi cantly longer dura  on 
(by ~4  mes) than excitatory PSPs to compensate for the larger abundance of excitatory neurons.
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Poster 9.43
Non-radioac  ve isotope labelled breath test for poten  al early diagnosis of Hun  ngton’s disease

N. SIVA SUBRAMANIAM1, C. S. BAWDEN2, R. L. M. FAULL3, R. G. SNELL3, and G. S. HOWARTH1

1School of Animal and Veterinary Sciences, University of Adelaide, Roseworthy, Australia
2Livestock and Farming Systems, South Australian Research and Development Ins  tute, 

Roseworthy, Australia,
3Centre for Brain Research, University of Auckland, Auckland, New Zealand

An ideal window of applica  on for therapies designed to slow or halt progression of Hun  ngton’s disease (HD) 
is during the pre-symptoma  c period. Current diagnos  c methods lack the ability to accurately detect subtle 
cellular changes in the pre-symptoma  c phase before extensive brain damage occurs. Consequently, there is a 
vital requirement to iden  fy alterna  ve inexpensive biomarkers that are simple to measure and can accurately 
determine HD progression. The 13C-methionine breath test was performed in six HD transgenic sheep and 
six age-matched controls to evaluate the oxida  ve capacity of liver mitochondria. A  er overnight fas  ng, all 
sheep were administered 200mg 13C-methionine via intravenous injec  on (10mL). Breath 13CO2 enrichment was 
measured at baseline and every 10 minutes therea  er for 180 minutes using isotope ra  o mass spectrometry. 
Results were expressed as cumula  ve percentage dose rate over 180 minutes of exhaled 13CO2 (%cPDR180 ± 
SEM), indica  ve of decay of mitochondrial func  on. Rate of 13CO2 excre  on (13C dose/h) a  er administra  on of 
13C-methionine increased rapidly reaching a maximum mean of  in  minutes and  in  minutes in control and HD 
groups, respec  vely. In HD sheep cPDR180 was  compared to controls (). This preliminary study demonstrates 
that non-invasive 13C-methionine breath tests can be conducted reliably in sheep, with poten  al to form the basis 
of a simple test to determine the effi  cacy of HD therapeu  cs. Further studies with larger cohorts of sheep are 
required to determine if 13C-methionine breath results diff er signifi cantly between HD sheep and controls.

Poster 9.44
Impaired spa  al memory, reduced explora  on and increased hippocampal microglia density are 

associated with senescence but are not reduced by a connexin hemichannel blocker
S. TASANANUKORN1,2, J. GUAN2,4, C. R. GREEN4, B. A. L. PERRY1,2, K. BARR-GLINTBORG1,2, 

and J. C. DALRYMPLE-ALFORD1,2,3

1Department of Psychology, 2Brain Research New Zealand, University of Canterbury, 
Christchurch, New Zealand,

3New Zealand Brain Research Ins  tute, Christchurch, New Zealand
4Faculty of Medical and Health Science, University of Auckland, Auckland, New Zealand

Increased neuroinfl amma  on is a neurobiological change associated with ageing. The current study is the fi rst to 
inves  gate a poten  al neuroprotec  ve agent, tonabersat, a hemichannel blocker with poten  al neuroprotec  ve 
proper  es and an  -infl ammatory eff ects. We es  mated microglial cell density, using Isolec  n B4-peroxidase (IB4) 
in the dorsal hippocampus and the thalamus of senescent rats nearing the end of their lifespan (2+ years), in 
middle-aged rats (1+ year) and in young adult rats (6 months; Ns = 23, 10 and 13, respec  vely). Two subgroups 
of senescent rats received daily oral administra  on of tonabersat in vehicle over three months (0.4mg/kg or 
0.8mg/kg). All other groups were given the vehicle only. Prior to sacrifi ce, rats received behavioural assays of 
exploratory ac  vity (open fi eld) and spa  al memory (Morris water maze). Middle-aged rats had signifi cantly 
higher IB4 staining than the young adult rats in both hippocampus and thalamus. Although equivalent in the 
thalamus, the senescent rats had yet higher IB4 staining in the hippocampus. Behaviourally, the middle-aged and 
senescent rats showed similar ac  vity in the open fi eld, but less ac  vity than the young group. However, similar 
spa  al memory performance was shown by the middle-aged and young groups, whereas senescent rats showed 
poorer acquisi  on of the submerged pla  orm. Irrespec  ve of dose, tonabersat had no infl uence on any of these 
measures in senescent rats. Benefi cial eff ects of tonabersat may require its introduc  on at an earlier age.
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Poster 9.45
Assessing the effi  cacy of adeno-associated viral vectors in targe  ng the brain

S. N. MATHIESEN1,2, L. SCHODERBOECK1,2, S. M. OHLINE2, H. E. WICKY1, W. C. ABRAHAM2, 
and S. M. HUGHES1

1Department of Biochemistry, 2Department of Psychology, Brain Health Research Centre, Brain 
Research New Zealand – Rangahau Roro Aotearoa, University of Otago, Dunedin, New Zealand

One barrier to the treatment of Alzheimer’s disease is a lack of eff ec  ve methods to deliver therapeu  cs to the 
brain, par  cularly by non-invasive routes. Adeno-associated viral (AAV) vectors used for gene therapy may provide 
a solu  on, as some vectors can cross the blood-brain barrier. A novel AAV capsid evolved in-vivo, AAV-PHP.eB, 
was recently reported to produce high transduc  on in mouse brain a  er intravenous administra  on. However, 
the increased effi  ciency of this vector may be limited to the C57BL/6 mouse strain it was evolved in. Here, we 
compared the effi  cacy of two AAV vectors, AAV-PHP.eB and AAV9, in targe  ng mouse brain a  er administra  on 
via various routes, and in two diff erent mouse strains. C57BL/6 mice were administered a combina  on of AAV-
PHP.eB encoding tdTomato, and AAV9 encoding green fl uorescent protein, either by intravenous injec  on (n=6), 
intranasal injec  on (n=6), or intrahippocampal injec  on (n=5). B6C3 mice (n=4) received the same vectors via 
intravenous injec  on. Four weeks a  er vector administra  on, brain sec  ons were qualita  vely examined for 
reporter protein expression and cell-type transduc  on. AAV-PHP.eB was more eff ec  ve than AAV9 at transducing 
the brain a  er intravenous injec  on in C57BL/6 mice. However, the two vectors showed similar, low effi  cacy in 
B6C3 mice. Both vectors showed similar effi  cacy a  er administra  on directly into the hippocampus, and a  er 
intranasal administra  on, where the vectors did not spread beyond the olfactory bulb. Both vectors transduced 
neuronal and glial cells. Our results show that while viral vector effi  cacy for crossing the blood-brain barrier can 
be increased, cau  on is required when considering transla  on to humans.

Poster 9.46
Brain development and the Amh locus

S. SZAKATS, T. CHEUNG, and M. J. WILSON
Developmental Biology and Genomics Laboratory, Department of Anatomy, 

University of Otago, Dunedin, New Zealand

An  -Müllerian hormone (AMH) is a powerful regulator of sex-dimorphic development. Produced by the early 
testes, the hormone represses female reproduc  ve development, and is also a strong candidate for infl uencing 
sex-specifi c diff eren  a  on of the developing brain. To date, research has shown that AMH contributes to male-
specifi c phenotypes for a mul  tude of neuroanatomical and behavioural traits. We aim to inves  gate the 
molecular basis of sex-specifi c changes induced by AMH in the developing brain. An Amh knock-out mouse line 
was used to compare gene expression in developing (E15.5) brains from normal and knock-out mice of both 
sexes. RNA sequencing iden  fi ed that Amh-/- males show a gene expression profi le more similar to wildtype 
female li  ermates than male, consistent with the hypothesis that AMH masculinises the developing brain. 
Addi  onally, unexpected diff erences between normal and knock-out females indicated addi  onal eff ects caused 
by the dele  on within the Amh locus. De novo transcriptome assembly revealed a novel transcript aligning to the 
Amh locus. We have conducted further experiments to determine expression of this transcript in vivo and test the 
hypothesis that is a microRNA precursor. Our inves  ga  ons highlight two func  ons of the AMH gene locus, one 
hormonal and the second non-protein coding, in brain development.
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Poster 9.47
Func  onal neuroimaging correlates of execu  ve func  on following preterm birth

Y. K. SAGAR, M. C. GHAZAWY, and S. BORA
Mater Research Ins  tute, Faculty of Medicine, University of Queensland, Brisbane, Australia

It is now well recognised that children born preterm (<37 weeks gesta  on) are at an increased risk of execu  ve 
func  on impairments, independent of their general cogni  ve abili  es. Moreover, signifi cant associa  ons have 
been reported between neonatal white ma  er injuries/abnormali  es and later development of execu  ve func  on 
in this high-risk popula  on. Nonetheless, the func  onal neural correlates of execu  ve func  on following preterm 
birth remain unclear. Thus, a coordinate-based ac  va  on likelihood es  ma  on meta-analysis was conducted 
using BrainMap GingerALE 2.3.6. The analysis incorporated func  onal neuroimaging data from peer-reviewed 
published studies of working memory, inhibitory control, and cogni  ve fl exibility, in survivors of preterm birth 
aged 5 to 18 years. The fi rst-level ac  va  on likelihood es  ma  on map for execu  ve func  on, where children 
born full-term performed be  er on tasks, showed shared ac  va  on in 26 clusters with the largest ac  va  on in 
the inferior frontal gyrus and right precentral gyrus. Where children born preterm performed be  er, there was 
shared ac  va  on in 27 clusters, with the most ac  va  on in the le   and right fusiform gyri, the middle, temporal 
and frontal gyri, and the posterior cingulate gyrus. Preliminary results from this meta-analysis are the fi rst to 
iden  fy neuronal loca  ons consistently ac  vated in rela  on to execu  ve func  on outcomes in children born 
preterm. These fi ndings may help to develop a be  er understanding of the pathways from preterm birth to 
adverse neurocogni  ve development.

Poster 9.48
Prognos  c factors to G-CSF with stem cell therapy for children with cerebral palsy

Y. H. LEE, H. KOH, W. J. RAH, and M. J. KIM
Department of Paediatrics and Cell Therapy Centre, Hanyang University Medical Centre, Seoul, Korea

We observed the safety and effi  cacy of infusion of granulocyte-colony s  mula  ng factor (G-CSF) followed by 
autologous peripheral blood stem cells to ameliorate the neurologic impairment in children with cerebral palsy. 
During this clinical trial, we assessed the serial cytokine changes and their clinical impact. Cytokine levels were 
measured before treatment, and at 1, 7, and 13 months a  er G-CSF infusion by enzyme-linked immunosorbent 
assay. G-CSF  levels were signifi cantly elevated at 1 month a  er G-CSF infusion and decreased to baseline at 7 and 
13 months. VEGF, IL-6, and IL-10 behaved in the same way whereas BDNF and IGF-1 followed the reverse pa  ern, 
falling ini  ally and then returning to baseline. When clinical responders and non-responders were compared, IL-6 
(p=0.05) as well as G-CSF (p=0.001) were higher in the responders than the non-responders at 1 month, while 
BDNF (p=0.03) and IGF-1 (p=0.001) were lower. In addi  on, BDNF was higher at baseline in the responders than 
the non-responders (p=0.03). The changes of G-CSF itself, as well as G-CSF-induced cytokines such as IL-6, may 
be associated with the clinical improvement of neurologic func  ons. The G-CSF-induced changes of IL-6, BDNF 
and IGF-1, and BDNF levels before treatment, could be used as prognos  c factors in G-CSF trials in children with 
cerebral palsy.
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11.1
Parkinson’s disease: Where did all my habits go?

P. REDGRAVE
Department of Psychology, University of Sheffi  eld, Sheffi  eld, United Kingdom

Progressive loss of the ascending dopaminergic projec  on in the basal ganglia is a fundamental pathological 
feature of Parkinson’s disease. Studies in animals and humans have iden  fi ed spa  ally segregated func  onal 
territories in the basal ganglia for the control of goal-directed and habitual ac  ons. As the dopamine loss in 
pa  ents with Parkinson’s disease o  en occurs diff eren  ally in the posterior putamen, a region of the basal ganglia 
associated with the control of habitual behaviour, these pa  ents may be forced into a progressive reliance on the 
goal-directed mode of ac  on control mediated by compara  vely preserved processing in rostro-medial striatum. 
Thus, many of their behavioural diffi  cul  es may refl ect a loss of normal automa  c control, 11.3exacerbated by 
distor  ng output signals from habitual control circuits which impede the expression of goal-directed ac  on.

11.2
Contras  ng changes in DARPP-32 and calbindin immunoreac  vity in medium spiny neurons in 

Parkinson’s disease
C. J. ARASARATNAM, H. J. WALDVOGEL, and R. L. M. FAULL

Centre for Brain Research, Department of Anatomy and Medical Imaging, 
University of Auckland, Auckland, New Zealand

While the substan  a nigra is widely implicated in Parkinson’s disease (PD), the involvement of the striatum and 
medium spiny neurons (MSNs) in PD is s  ll unclear. Our previous work has indicated that DARPP-32 (dopamine and 
cAMP-regulated neuronal phosphoprotein) can be used to iden  fy a subset of MSNs, and that DARPP-32 MSNs 
only par  ally co-label with calbindin, the tradi  onal MSN marker. The mammalian striatum is heterogeneously 
organized into neurochemically dis  nct compartments called striosomes and matrix. Furthermore, preliminary 
qualita  ve inves  ga  ons showed that the great majority of DARPP-32 posi  ve cells in the dorsal striatum were 
localised in the striosomes whereas some sca  ered DARPP-32 posi  ve cells were localised to the matrix. This 
study u  lised post-mortem control and PD human striatal sec  ons in order to inves  gate whether DARPP-32 
and calbindin are altered in PD. Morphometric analysis using Metamorph® image analysis so  ware revealed 
that although overall calbindin-posi  ve integrated density within each striatal compartment showed no major 
diff erence from control to PD, DARPP-32 integrated density in PD striatal regions was decreased overall in 
comparison to control. In par  cular, signifi cant decreases were noted in the putamen striosomes (p = 0.0197, 50% 
decrease), putamen matrix (p = 0.0079, 59% decrease), ventral striatal patches (p = 0.0087, 65% decrease) and 
ventral striatal matrix (p = 0.0036, 62% decrease). Histological examina  on also revealed weaker immunoreac  vity 
of DARPP-32 posi  ve MSNs with morphological and dendri  c changes, par  cularly in the putamen. This study 
shows that the striatum, par  cularly the putamen and ventral striatum, shows loss of DARPP-32 immunoreac  vity 
in PD, indica  ng that dopamine dependent proteins in the striatum are altered in PD. 
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11.3
Development of a minimally-invasive technology for spa  ally- and temporally-controlled 

drug delivery into the brain
N. VAUTRELLE1,4,5, D. H. BERGIN1,4,5, J. P. GRAY1,4,5, R. BERGIN1,4,5, M. LERICHE1,4,5, J. FULLER2,4,5, 

B. I. HYLAND2,4,5, S. McKAY3, E. W. TAN3, and J.   N. J. REYNOLDS1,4,5

1Department of Anatomy, 2Department of Physiology, 3Department of Chemistry, 
4Brain Health Research Centre, 5Brain Research New Zealand – Rangahau Roro Aotearoa, 

University of Otago, Dunedin, New Zealand

Parkinson’s disease (PD) is characterised by a debilita  ng impairment in execu  ng habitual movements, resul  ng 
from a loss in dopamine neurotransmission. Dopamine-replacement therapy is commonly used to restore brain 
dopamine levels and alleviate motor symptoms. Unfortunately oral medica  on of the dopamine precursor 
levodopa becomes less eff ec  ve over  me, resul  ng in fl uctua  ons between normal mobility and complete 
cessa  on of movement. The progressive increase in levodopa dosage necessary to overcome these fl uctua  ons, 
results in the progressive emergence of debilita  ng involuntary movements (dyskinesias) that contaminate 
normal mobility. It is thought that dyskinesias refl ect abnormal reinforcement of motor outcomes induced by 
the slow non-physiological fl uctua  ons in dopamine levels resul  ng from oral medica  on. To tackle the issue 
of improved PD treatment with fewer side eff ects, we developed a drug delivery system off ering the poten  al 
of emula  ng the physiological fl uctua  ons in dopamine levels (seconds to minutes) occurring in healthy brains. 
In a proof of concept experiment, we exposed the striatum of anaesthe  sed rats to focused ultrasound delivered 
outside the dura, and demonstrated local release of dopamine agonists from sonosensi  ve liposomes circula  ng 
in the cerebral bloodstream. Using 3D modelling and brain imaging techniques in a large mammal, the sheep, 
we have established a transla  onal methodology for the transcranial delivery of focused ultrasounds to specifi c 
brain areas. This technology off ers the poten  al to improve dopamine-replacement therapy by mimicking the 
physiological pa  erns of dopamine release observed into the brain, which could reduce the development of 
dyskinesias.

11.4
Failure of the habit system in Parkinson’s disease

M. LERICHE1, R. LERICHE2, P. REDGRAVE3, T. STAFFORD3, C. BANNARD5, A. SANCHEZ-FERRO6, 
O. BANDMANN4, J. OBESO6, C. H. BROWN7, E. FERRACANE7, and J. REYNOLDS1

1Department of Anatomy, Brain Research New Zealand – Rangahau Roro Aotearoa, 
University of Otago, Dunedin, New Zealand

2Department of Mathema  cs, Universidad Nacional Autónoma de México, México City, México
3Department of Psychology, 4Sheffi  eld Ins  tute for Transla  onal Neuroscience, 

University of Sheffi  eld, Sheffi  eld, United Kingdom
5Department of Psychological Sciences, University of Liverpool, Liverpool, United Kingdom

6HM Hospitales, Centre for Integra  ve Neuroscience AC, Hospital Universitario HM 
Puerta del Sur, Madrid, Spain

7Department of Linguis  cs, University of Texas, Aus  n, United States of America

Parkinson’s disease (PD) is currently diagnosed by clinical examina  on, based on the presence of bradykinesia 
and muscular rigidity or res  ng tremor. These motor signs appear when the disease is well advanced, a  er ~70% 
of neurons in the lateral region of the substan  a nigra pars compacta (lSNc) have died. However, the misdiagnosis 
rate is 47%, underlying the urgency for the development of a reliable test to detect PD. Recently, we tested a 
new class of behavioural biomarker based on the fact that lSNc degenera  on in PD fi rst impairs the expression 
of habits (the automa  c ac  ons we have learned to do without thinking). Behaviour under habitual control is 
infl exible and can cause errors under unexpected circumstances. Par  cipants with early PD and age-matched 
controls performed two diff erent tasks where habits cause errors: typing sentences on the keyboard and playing 
a computer game when the control of the mouse was reversed. We found that while PD par  cipants commi  ed 
more errors overall, they nevertheless commi  ed fewer errors induced by persis  ng habits. These results indicate 
that the two tasks are sensi  ve to the loss of habitual control and could be used to detect and monitor the early 
stages of PD.
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11.5
An optogene  c Channelrhodopsin-assisted mapping inves  ga  on of network organiza  on 

within the subthalamic nucleus
P. S. FREESTONE1, S. LUI1, M. TREW2, L. HALLUM3, and J. LIPSKI1

1Department of Physiology, Centre for Brain Research, 2Auckland Bioengineering Ins  tute, 
3Department of Mechanical Engineering, University of Auckland, Auckland, New Zealand

The basal ganglia is a sub-cor  cal structure receiving a wide range of inputs almost from the en  re brain. As such, 
it is involved in motor control, learning, memory and reward-driven behaviour. The subthalamic nucleus (STN), 
a major glutamatergic nucleus of the basal ganglia projec  ng to the substan  a nigra pars re  culata and pars 
compacta nuclei, plays a crucial role in the indirect and hyperdirect pathways. Previous electrophysiological 
studies suggest that STN neurons also make internal synapses through axon collaterals with other glutamatergic 
neurons in the nucleus. Our aim was to apply the optogene  c technique of channelrhodopsin (ChR2)-assisted 
circuit mapping to rapidly inves  gate synap  c connec  vity between neurons within the STN. CD-1 mice expressed 
ChR2 in STN neurons under the CaMKIIα promotor a  er injec  on of the viral (AAV5) construct into the nucleus. 
Mapping was conducted in horizontal brain slices (250μm) using a digital mirror device to sequen  ally illuminate 
individual squares (20μm2; 6 mW/mm2, 5ms) of a grid (740 μm2), while recording post-synap  c currents from a 
single whole-cell patch-clamped STN neuron. Using this approach, we detected light-evoked inward currents at 
mul  ple discrete loca  ons within the STN. Light-evoked currents were delayed (4-8 ms light onset) and blocked 
by CNQX, confi rming a synap  c origin. STN light-evoked post-synap  c currents were recorded from GABAergic 
neurons in the substan  a nigra pars re  culata and varied signifi cantly in magnitude and latency, consistent with 
a mul  synap  c excitatory network. The role of this internal excitatory network in normal basal ganglia func  on, 
as well as in the Parkinson’s disease state, remains to be determined.

11.6
Anatomical and physiological changes at basal ganglia-motor thalamus synapses in rat 

model of Parkinson’s disease
L. C. PARR-BROWNLIE1, R. A. SMITHER1, R. J. SIZEMORE1, H. E. WICKY2, S. M. HUGHES2, 

and C. BOSCH-BOUJU3

1Department of Anatomy, 2Department of Biochemistry, Brain Health Research Centre, Brain Research 
New Zealand – Rangahau Roro Aotearoa, University of Otago, Dunedin, New Zealand

3INRA, Bordeaux INP, University of Bordeaux, Bordeaux, France

Profound altera  ons in basal ganglia neuronal ac  vity underlie movement defi cits in Parkinson’s disease 
(PD). We have previously shown that motor thalamus neuronal ac  vity is also impaired in parkinsonian rats. 
To understand anatomical and physiological changes at basal ganglia-motor thalamus synapses that contribute to 
motor thalamus dysfunc  on, we injected len  viral vectors (GAD67-GFP or GAD67-ChR2-mCherry) to transduce 
GABAergic neurons in the substan  a nigra pars re  culata (SNr) of sham (control) and 6-hydroxydopamine lesioned 
parkinsonian rats. To visualise SNr boutons in ventroanterior (VA) thalamus by electron tomography and electron 
microscopy, we converted GFP to an electron dense label. SNr terminals in control rats contained mul  ple 
mitochondria, pleomorphic vesicles and formed large calyx-like boutons that contained mul  ple symmetric 
synapses. In contrast, SNr boutons in parkinsonian rats were 50% smaller and had signifi cantly fewer synapses 
per SNr bouton (p = 0.049). In control rats, optogene  c s  mula  on of GABAergic SNr axons produced short 
latency increases in VA thalamic neuron fi ring rates via hyperpolariza  on-induced ac  va  on of T-type calcium 
channels, evidenced by reduced fi ring rates following intracerebral drug infusion. Dopamine lesion induced 
anatomical changes at SNr-VA synapses may underlie VA thalamic neuron pathophysiology because optogene  c 
s  mula  on-induced VA thalamic fi ring rate changes were signifi cantly smaller in parkinsonian rats (p = 0.045). 
Midbrain dopamine neuron degenera  on appears to have widespread anatomical and physiological changes in 
basal ganglia-thalamocor  cal networks, which need to be considered when designing new treatment strategies 
for PD. Research was supported by the Neurological Founda  on of New Zealand.
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12.1
ARPP21 muta  ons reveal the role of RNA granule dysfunc  on in ALS and FTD

C. E. SHAW1,2,  C. H. WONG1, S. TOPP1, Y. LEE1, G. D. COCKS1, and B. N. SMITH1

1United Kingdom Demen  a Research Ins  tute, Maurice Wohl Clinical Neuroscience Ins  tute, 
Ins  tute of Psychiatry, Psychology and Neuroscience, King’s College London, United Kingdom

2Centre for Brain Research, University of Auckland, Auckland, New Zealand

Amyotrophic Lateral Sclerosis (ALS) and fronto-temporal lobar demen  a (FTD) are associated with the pathological 
aggrega  on of proteins involved in RNA processing, most commonly TAR-DNA binding protein (TDP)-43 and 
rarely fused in sarcoma (FUS) protein. Many other mutant genes can contribute to TDP-43 aggrega  on and 
some of these are also directly involved in RNA processing (ATXN2, hnRNPA1, hnRNPA2B1 and MATR3). We will 
present unpublished evidence that novel variants in ARPP21 are associated with ALS and FTD. ARPP21 encodes 
a neuronally expressed, cytoplasmic RNA-binding protein involved in mRNA transport. Muta  ons increase the 
propensity of ARPP21 and TDP-43 to aggregate and become insoluble in an RNA-binding dependent manner. 
Muta  ons disrupt RNA granule transport in primary neurons and enhance neurotoxicity in the Drosophila eye. 
This discovery reveals new insights into the role of RNA granule dysfunc  on in ALS and FTD and challenges several 
assump  ons about the pathophysiology of these neurodegenera  ve disorders

12.2
Altered arginine metabolism in the frontal cortex of pa  ents with major depression

P. LIU1,3, Y. JING1,3, N. D. COLLIE1,3, B. DEAN4, and H. ZHANG2,3

1Department of Anatomy, 2School of Pharmacy, 3Brain Health Research Centre, 
University of Otago, Dunedin, New Zealand

4The Molecular Psychiatry Laboratory, The Florey Ins  tute for Neuroscience and 
Mental Health, Victoria, Australia

L-arginine is a versa  le semi-essen  al amino acid with several bioac  ve molecules. Altered arginine metabolism 
has been implicated in the pathogenesis of a number of psychiatric disorders including major depression, and 
agma  ne (decarboxylated arginine) has anxioly  c and an  depressant-like eff ects. The present study, for the 
fi rst  me, systema  cally compared the metabolic profi le of L-arginine in the frontal cortex (Brodmann’s area 8) 
obtained post-mortem from individuals with major depression and age- and gender-matched non-psychiatric 
controls (n = 20/group). The enzyme assays revealed lower nitric oxide synthesis ac  vity, but higher arginase 
ac  vity, in the depression group. High performance liquid chromatography and liquid chromatography/mass 
spectrometric assays confi rmed signifi cantly reduced levels of agma  ne, spermidine and glutamine/glutamate 
ra  o, but increased glutamate/GABA ra  o, in pa  ents with major depression. Regression analysis indicated a 
nega  ve correla  on between L-arginine and the dura  on of illness. The present study demonstrates marked 
altera  ons of arginine metabolism in the frontal cortex of pa  ents with major depression. The fi ndings further 
support the link between arginine metabolism and major depression, and suggest a biological basis for agma  ne 
as a promising candidate for treatment of the disease.
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12.3
Mul  plex immunohistochemistry of 10+ markers to assess unfolded protein response 

ac  va  on in the Alzheimer’s disease olfactory bulb
H. C. MURRAY1, D. MARIC2, B. V. DIERIKS1, L. BELLUSCIO2, A. KORETSKY2, and M. A. CURTIS1

1Department of Anatomy and Medical Imaging and Centre for Brain Research, 
University of Auckland, Auckland, New Zealand

2Na  onal Ins  tute of Neurological Disorders and Stroke, Na  onal Ins  tutes of Health, 
Bethesda, United States of America

The unfolded protein response (UPR) is a cellular process that occurs due to accumula  on of misfolded proteins. 
This pathway, involving endoplasmic re  culum protein kinases called PERK and eIF2α, is strongly implicated as 
a poten  al mechanism of degenera  on in cellular and animal models of Alzheimer’s disease (AD). Fluorescent 
immunohistochemistry (IHC) can be used to iden  fy the phosphorylated (ac  vated) forms of these kinases in post-
mortem human brain  ssue. In collabora  on with the Na  onal Ins  tutes of Health (Bethesda, USA), we performed 
mul  plex fl uorescent IHC using an  body stripping that allowed visualisa  on of 10+ proteins simultaneously in 
post-mortem human  ssue. We applied this technique to paraffi  n embedded human olfactory bulb  ssue, as 
this is one of the fi rst regions aff ected by amyloid and tau in AD. Using manual cell coun  ng we determined the 
density of cells showing UPR ac  va  on and co-localisa  on with cellular markers and intracellular tau aggregates. 
Our results show a 10-fold increase in the density of cells expressing phosphorylated PERK and eIF2α within the 
anterior olfactory nucleus of the AD olfactory bulb. We also found neurons expressing these markers contain 
diff use tau aggregates rather than neurofi brillary tangles. These results indicate the UPR is ac  vated in this region 
of the AD brain and may precede the forma  on of advanced tau tangles. The applica  on of mul  plex IHC to 
human brain  ssue studies in New Zealand off ers a novel opportunity to study protein interactomes across a 
range of neurological condi  ons.

12.4
Ac  vity-dependent ac  ons of Li+ in brain network connec  vity

P. M. HEYWARD, M. R. WILLIAMS, and M. J. HALL
Department of Physiology, School of Biomedical Science, University of Otago, Dunedin, New Zealand

Bipolar disorder (BD) is characterised by swings between hyperac  ve and hypoac  ve states. Neuroimaging in BD 
shows aberrant coupling (func  onal and structural connec  vity) in networks associated with the regula  on of 
emo  on. Func  onal coupling depends physiologically on coherence (stable phase rela  onships) and synchrony in 
synap  c networks driving electrical oscilla  ons in brain networks. BD can be described as resul  ng from aberrant 
coherence or synchrony in brain networks. BD is treated primarily with Li+, or with selected an  epilep  c drugs 
(AEDs). The therapeu  c mechanism of Li+ is unknown. The AEDs are ac  vity-dependent agents; they selec  vely 
supress the output of highly ac  ve neurons, limi  ng network oscilla  on and synchrony. We have inves  gated 
ac  vity-dependency of Li+ ac  on in mouse olfactory bulb brain slices. Networks in the slice generate spontaneous 
oscilla  ons, involving excitatory synap  c coupling between synchronously ac  ve output neurons which can be 
entrained by s  mula  ng the olfactory nerve (ON). We simulated the ON at low (0.03 Hz) frequency to monitor 
network excitability, before and a  er a period of high frequency network ac  va  on (5 Hz ON s  mula  on for 
5 s), with and without 1-2 mM Li+. Our results show, for the fi rst  me, that Li+ can have ac  vity-dependent, 
bidirec  onal eff ects on network ac  vity. Li+ increased spontaneous ac  vity, post-synap  c excitability and output 
neuron synchrony when network ac  vity had been rela  vely low, but had the opposite eff ects when synap  c 
network ac  vity had been high. Li+ enters neurons through Na+ channels, to block K+ channels located in the 
axon and increase excitability and synchrony. We suggest that high frequency synap  c ac  vity increases Li+ entry 
into dendrites through glutamate receptors, resul  ng in blockade of NMDA receptors, and decreased network 
excitability and synchrony. 
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13.1
Development of behavioural self-regula  on in preschool-age children prenatally exposed 

to methadone
J. M. HENDERSON1, N. C. AUSTIN2, and L. J. WOODWARD1,3

1Department of Psychology, University of Canterbury, Christchurch, New Zealand
2Department of Paediatrics, University of Otago, Christchurch, New Zealand

3Department of Pediatrics, Harvard Medical School, Boston, United States of America

Opioid abuse during pregnancy remains an increasing public health concern worldwide. Methadone Maintenance 
Therapy, a synthe  c opiate-based treatment, is the most common and o  en regarded as one of the best treatment 
op  ons for pregnant women with an opiate addic  on. Despite early evidence of neonatal neurobehavioural 
and emerging neurocogni  ve diffi  cul  es, the impact of prenatal methadone exposure on long-term child 
neurodevelopmental outcomes remains largely unknown. Using data from a prospec  ve longitudinal cohort, the 
aim of this study was to examine the development of behavioural self-regula  on abili  es using the classic Delay 
of Gra  fi ca  on Task paradigm at age 4.5 years. The sample consisted of a regional cohort of 58 children born 
to opioid-dependent mothers maintained on methadone during pregnancy and 81 comparison children born 
to non-opioid using mothers. Results showed preschool-aged children prenatally exposed to methadone had 
poorer self-regula  on abili  es rela  ve to the comparison group as exhibited by shorter wait  mes for the reward 
(mean wait  me = 357 vs 562 seconds, p=.003). Furthermore, signifi cant posi  ve correla  ons (r = .27, p = .02) 
were evident in the comparison group between children’s regulatory skills, maternal age and maternal educa  on. 
In contrast, similar associa  ons were not found in the methadone-exposed group. This is noteworthy, despite 
the high prevalence of psychosocial adversi  es in these families, lower quality of their home environment didn’t 
completely explain their poorer behavioural matura  on. These fi ndings imply that the media  ng role of clinical 
and neurological factors also needs to be explored for a be  er understanding.

13.2
Confi rmed vs suspected neonatal infec  on: Associa  ons with neonatal neurological abnormali  es 

following preterm birth
V. R. GILL, H. L. S. LAWFORD, H. G. LILEY, and S. BORA

Mater Research Ins  tute, Faculty of Medicine, University of Queensland, Brisbane, Australia

Infants born preterm (<37 weeks gesta  on) are at an elevated risk of contrac  ng infec  ons as well as developing 
neurological abnormali  es during the neonatal period. However, it remains unclear the extent to which these 
neonatal infec  ons may account for neurological abnormali  es. Furthermore, li  le is known about the impact of 
infec  on that is suspected, based on clinical presenta  ons, but not confi rmed with pathology fi ndings. To examine 
the associa  ons between confi rmed and suspected infec  on and the risk of neurological abnormali  es during 
the neonatal period following preterm birth, a meta-analysis was conducted, adhering to the Preferred Repor  ng 
Items for Systema  c Reviews and Meta-Analyses guidelines. Nine cohorts fulfi lled the selec  on criteria, with all 
repor  ng on confi rmed (n=656) and no infec  on (n=3,582), and four repor  ng on suspected infec  on (n=1,172). 
Results showed infants born preterm with confi rmed or suspected neonatal infec  on were at a signifi cantly 
increased risk of neurological abnormali  es, compared to those with no infec  on. Specifi cally, using fi xed-eff ects 
models, the pooled odds ra  os [95% Confi dence Intervals] for comparisons of infants with confi rmed and no 
infec  on ranged from 1.87 [1.39, 2.51] to 2.86 [1.51, 5.42]. Similarly, the odds ra  os for comparisons of infants 
with suspected and no infec  on ranged from 1.55 [1.28, 1.87] to 2.23 [0.96, 5.16]. No signifi cant diff erences 
were evident for comparisons between infants with confi rmed and suspected infec  on. Current fi ndings suggest 
li  le diff erence between confi rmed and suspected infec  on for neurological outcomes, at least during the early 
developmental period. Future research should address if these rela  onships persist in the longer-term. These 
fi ndings have implica  ons for neonatal neuroprotec  on and long-term neurodevelopmental follow-up of all 
infants with possible infec  on.



71

A

13.3
Characterising the impacts of complex and simple congenital heart defects on execu  ve func  on

T. I. CHIN, Y. K. SAGAR, and S. BORA
Mater Research Ins  tute, Faculty of Medicine, University of Queensland, Brisbane, Australia

Congenital heart defects (CHD) are structural malforma  ons of the heart at birth, presen  ng a cri  cal risk factor 
for developmental delays and/or defi cits in execu  ve func  on. The Preferred Repor  ng Items for Systema  c 
Reviews and Meta-Analyses guideline was used to conduct a meta-analysis for describing the nature of execu  ve 
func  on in 3- to 18-year-old children with complex and simple CHD. Data were drawn from 12 independent 
cohorts born a  er 1980, repor  ng performances of children with and without CHD on standardised assessments 
of the three core execu  ve func  on domains. Results showed children with CHD as signifi cantly more likely to 
exhibit developmental impairments in execu  ve func  on than their non-CHD peers (p<.001). The pooled eff ect 
sizes, assessed using fi xed-eff ect models and reported as standardised mean diff erences [95% Confi dence 
Intervals], were as follows: visual working memory = -0.44 [-0.58, -0.30]; verbal working memory = -0.49 [-0.62, 
-0.36]; inhibitory control = -0.90 [-1.14, -0.66]; and cogni  ve fl exibility = -0.84 [-0.98, -0.69]. Moreover, children 
with complex CHD exhibited signifi cantly poorer performance rela  ve to non-CHD children across all three core 
execu  ve func  on domains, with standardised mean diff erences ranging from -0.82 to -0.39, p<.001. In contrast, 
children with simple CHD were at an elevated risk of poor inhibitory control compared to non-CHD children 
(p<.001), but not working memory impairments. No data on cogni  ve fl exibility in the simple CHD group was 
available. Current fi ndings provide the fi rst high-level evidence profi ling the nature of execu  ve func  on in 
children with complex and simple CHD. These have implica  ons for clinical management and for informing the 
development of targeted interven  ons to improve neurocogni  ve outcomes and quality of life in this high-risk 
popula  on.

13.4
Adults born with very-low-birth-weight demonstrate altera  ons in grey ma  er volume, 

perfusion, and white ma  er integrity
M. PASCOE1, T. MELZER1,2, L. J HORWOOD3, and B. DARLOW4

1New Zealand Brain Research Ins  tute, Christchurch, New Zealand
2Department of Medicine, 3Department of Health and Development Study, 

4Department of Paediatrics, University of Otago, Christchurch, New Zealand

Very-low-birth-weight (VLBW) is associated with altera  ons in brain structure and func  on throughout childhood, 
adolescence and adulthood. The New Zealand VLBW study cohort comprised 413 infants born VLBW in 1986. 
Of 338 who survived to discharge home, 250 (77% survivors) were assessed at 27-29 years, when 150 VLBW 
and 50 healthy controls completed MRI on a 3T scanner. We aimed to inves  gate whether VLBW par  cipants 
would exhibit reduced grey ma  er (GM) volume (via structural MRI), perfusion (via arterial spin-labelling) 
and white ma  er (WM) health (via diff usion tensor imaging) compared to controls, and to assess associa  ons 
with birth weight. Grey ma  er volume was reduced in VLBW within frontal, temporal, parietal and occipital 
cor  ces, bilateral caudate and right cingulate gyrus, while increases were noted within limited frontal, temporal 
and occipital areas. Reduced GM perfusion was observed in VLBW within bilateral inferior temporal gyri and 
hippocampi, le   thalamus, right superior temporal gyrus and frontal orbital cortex. Diff usion tensor imaging 
revealed reduced frac  onal anisotropy (FA) and axial diff usivity (AD) (measures of WM microstructural integrity) 
within principal WM tracts including forceps major and various fasciculi. Among VLBW par  cipants, GM volume 
and GM perfusion posi  vely correlated with birth weight within widespread cor  cal and subcor  cal regions; 
FA and AD were associated with birth weight in numerous principal WM tracts. Our fi ndings suggest that robust 
structural and func  onal brain diff erences exist in VLBW adults compared to their term-born peers. Furthermore, 
birth weight shows an associa  on with the state of the brain in early adulthood.
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Sculp  ng the nervous system: Cellular and molecular mechanisms of neural circuit refi nement

K. ZITO, I. S. STEIN, D. K. PARK, and J. N. JAHNCKE
Center for Neuroscience, University of California, Davis, California, United States of America

One of the most remarkable proper  es of the brain is its ability to undergo adap  ve modifi ca  ons in response 
to changing environments. This property, known as experience-dependent plas  city, is essen  al not only for the 
fi ne-tuning of developing circuits, but also for behavioural changes, such as learning and memory, in adults. Over 
the past two decades, advances in fl uorescent labelling and imaging techniques have enabled direct visualiza  on 
of the structural reorganiza  on of neuronal circuits during experience-dependent circuit plas  city. Dendri  c 
spines have been a major focus of these studies; the gain or loss of spines is associated with the establishment 
or elimina  on of neural circuit connec  ons, and the enlargement or shrinkage of spines accompanies an 
increase or decrease in the strength of synap  c connec  ons. I will present the results of our eff orts to defi ne 
the neural ac  vity pa  erns and downstream signalling mechanisms that drive the structural and func  onal 
modifi ca  ons of dendri  c spines during experience-dependent plas  city. Results from our experiments will lead 
to a be  er understanding of the signalling mechanisms driving spine structural plas  city during neuronal circuit 
development and should provide new insights into how dysregula  on of these plas  city mechanisms contributes 
to neurological disorders.

15.1
Gene-environment interac  ons in mouse models of neurodevelopmental and cogni  ve disorders

A. J. HANNAN
Florey Ins  tute of Neuroscience and Mental Health, Melbourne Brain Centre, 

University of Melbourne, Parkville, Australia

We have explored mechanisms of pathogenesis in mouse models of neurodevelopmental disorders, including 
schizophrenia and au  sm spectrum disorder.  We have been inves  ga  ng how various environmental manipula  ons 
selec  vely alter gene expression, cellular plas  city and associated cogni  ve processes and behaviours.  We have 
demonstrated that environmental enrichment (enhancement of cogni  ve s  mula  on and physical ac  vity) 
has benefi cial eff ects in mouse models of various brain disorders, including schizophrenia.  Environmental 
enrichment and physical exercise induce changes in gene expression, which exhibit temporal specifi city and 
regional selec  vity, and also act as cogni  ve enhancers. These fi ndings have been extended to include other 
environmental manipula  ons as well as pharmacological interven  ons. Our experimental approaches may 
facilitate the development of ‘enviromime  cs’ for a variety of brain disorders known to be modulated by 
environmental s  muli. We have also explored the transgenera  onal eff ects of paternal environmental exposures. 
Our fi ndings reveal signifi cant experience-dependent eff ects on cogni  ve and aff ec  ve func  on of off spring via 
transgenera  onal epigene  c inheritance, which occurs via epigene  c modifi ca  ons in the sperm of the fathers.  
We are exploring the impact of specifi c environmental and pharmacological factors, including exercise and stress 
hormone eleva  on, and the relevance of these discoveries in mice to human transgenera  onal epigene  cs.  Our 
fi ndings, and their relevance to the proposed transgenera  onal inheritance of increased predisposi  on to various 
cogni  ve and aff ec  ve disorders, have major public health implica  ons.
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15.2
Infl uence of maternal high zinc diet on the development of au  sm-associated behaviours

Y. VYAS and J. M. MONTGOMERY
Centre for Brain Research, Department of Physiology, University of Auckland, Auckland, New Zealand

Au  sm Spectrum Disorders (ASDs) are characterised by repe   ve behaviours and impaired social communica  on. 
Many ASD-associated muta  ons occur in the Shank family of synap  c proteins resul  ng in weakened synapse 
func  on. Zinc defi ciency is a risk factor in ASD, and low zinc levels have been found in au  s  c children. 
Interes  ngly, zinc enhances Shank3 stability and recruitment to synapses, enhancing synapse func  on. Here we 
aimed to determine the eff ect of raising dietary zinc during pregnancy and lacta  on on the development of 
ASD-associated behaviours in Shank3 knockout (KO) and wildtype (WT) mice. Excessive grooming (cylinder test), 
anxiety (light-dark test) and social interac  on (three-chamber test) were assessed in 3 and 9 week old WT and 
Shank3 KO off spring born from mothers on high zinc (150ppm) or control zinc (30ppm) diet. High maternal zinc 
supplementa  on prevented the development of social defi cits, such that lack of social preference and inability 
to recognise social novelty were not evident in Shank3 KO mice exposed to high zinc from their mother during 
pregnancy and lacta  on. These eff ects were maintained into adulthood. However, phenotypes that presented 
later in development, such as repe   ve grooming, were not rescued by exposure to high zinc from the mother. 
Some anxiety behaviours, such as latency to enter bright arena, were rescued by maternal high zinc diet; whereas 
other anxiety phenotypes, such as  me spent in bright arena, were not rescued. Together these data suggest 
that zinc supplementa  on throughout brain development has diff eren  al eff ects on the preven  on of ASD-
related behaviours, with the most signifi cant eff ect being to prevent ASD-related defi cits that present early in 
development.

15.3
Tonotopic mapping in a mouse model of au  sm spectrum disorder

M. WILDE1, J. CHEYNE1, P. THORNE1, and J. MONTGOMERY2

1Department of Physiology, 2Centre for Brain Research, University of Auckland, Auckland, New Zealand

Au  sm spectrum disorder (ASD) aff ects around 1 in 100 New Zealanders. Symptoms of ASD include auditory 
hypersensi  vity and language impairment. It is therefore possible that the auditory cortex develops diff erently 
in ASD, leading to these symptoms. Diff erences in the tonotopic layout of sound representa  on in the auditory 
cortex have been shown in a chemically-induced rat model of ASD, using electrophysiological techniques. 
These diff erences notably included an overrepresenta  on of response to high-frequency sound. In vivo calcium 
imaging is a rela  vely new method of measuring neuronal ac  va  on, which can act as an alterna  ve method 
to electrophysiological recording. Therefore, we have developed a technique to image neuronal ac  vity in the 
auditory cortex in response to sound. To do this we inject fl uorescent calcium dye (Cal520) into the auditory cortex 
of anaesthe  sed mice and use wide-fi eld imaging to detect responses following presenta  on of tones ranging 
from 5 kHz to 50 kHz. This allows genera  on of tonotopic maps through comparison of areas ac  vated by each 
frequency. This method will be used to compare these tonotopic maps between wild type and Shank3b knockout 
ASD mice to elucidate the diff erences caused by this ASD-related muta  on. Increasing our knowledge of the 
cor  cal manifesta  ons of ASD phenotypes will enhance our understanding of the basis of ASD symptoms such as 
auditory hypersensi  vity and language impairment. If our results support those found with electrophysiology in 
a diff erent model of ASD, they will form a robust case for transla  on to human pa  ents, and may inform future 
direc  ons for trea  ng these symptoms. 
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15.4
Inves  ga  ng the development and evolu  on of cor  cal circuits using in vivo assays in marsupials

R. SUÁREZ
Queensland Brain Ins  tute, University of Queensland, Brisbane, Australia

The six-layered cerebral cortex integrates sensory percep  on with motor ac  on, and mediates higher-order 
cogni  ve processes such as a  en  on, learning and language. Healthy brain func  on relies on the precise forma  on 
of cor  cal circuits, and subtle developmental defects can lead to several condi  ons such as au  sm, a  en  on 
defi cit and schizophrenia. Most of our knowledge on healthy and pathological cor  cal development comes from 
studies in rodents and primates, as mammals are the only vertebrates that evolved a cerebral cortex. However, 
important ques  ons remain open due to the lack of experimental paradigms to study the developing cortex in vivo, 
inside the uterus. Here I will present a marsupial model of extra-uterine cor  cal development (inside the pouch), 
the Australian fat-tailed dunnart (Sminthopsis crassicaudata). We have established a dunnart breeding colony 
and the in-pouch electropora  on technique, which allows unprecedented access to selec  vely transfect mul  ple 
neuronal popula  ons. By combining high-throughput RNA sequencing, molecular development and microscopy 
in mice and dunnarts, we are currently inves  ga  ng the development and evolu  on of the transcrip  onal control 
of axon guidance, as only placental mammals (but not marsupials or monotremes) evolved a corpus callosum. 
Moreover, the skull of pouch-young dunnarts is highly translucent (hence amenable for optogene  cs), allowing 
two-photon imaging of calcium ac  vity in the developing neocortex at stages equivalent to prenatal humans 
and rodents. These features highlight the poten  al impact of laboratory marsupials to study the gene  c and 
environmental infl uences on cor  cal development, while also providing important clues on the evolu  on of brain 
developmental systems.

16.1
Using bond graphs to provide a consistent framework for coupling cerebral circula  on with 

 ssue exchange mechanisms
S. SAFAEI and P. HUNTER

Auckland Bioengineering Ins  tute, University of Auckland, Auckland, New Zealand

A key challenge for the physiology modelling community is to create a comprehensive public domain resource for 
cardiovascular researchers. In this work, we have developed a computa  onal infrastructure for the cardiovascular 
model which provides near real-  me computa  on of Oxford blood fl ow and pressure in all parts of the body. 
The model deals with vascular beds in specifi c  ssues and the computa  onal infrastructure provides links into 
CellML models of cell func  on and  ssue func  on. Bond graphs provide a formalism for building models of 
biophysical processes in a way that guarantees conserva  on of mass (or charge) and conserva  on of energy 
across mul  ple types of physical system. The bond graph model runs at close to real  me on a desktop computer. 
We have implemented the bond graph approach with the declara  ve CellML language in the open source 
program OpenCOR. These so  ware tools are developed as part of the Physiome Project and made available in 
the public domain. Our overall goal for this work is to create an anatomically detailed model of the cardiovascular 
circula  on that can be run in real  me and can be coupled with  ssue exchange models at the capillary level. The 
model presented here will be made available in the public domain with freely available open source tools that 
will allow users to examine pressures and fl ows at any point in the circula  on under a variety of physiological 
condi  ons. The bond graph formula  on makes it straight forward to include various  ssue exchange mechanisms 
and to incorporate  ssue and cellular parameters that characterise various chronic diseases.
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16.2
Integrated models of neurovascular coupling and BOLD signals

T. DAVID1, E. MATHIAS1, and T. MELZER2

1Department of Mechanical Engineering, University of Canterbury, Christchurch, New Zealand
2New Zealand Brain Research Ins  tute, Christchurch, New Zealand

Neurovascular coupling is the ability of the cor  cal  ssue to regulate the blood supply locally. Blood oxygen 
level dependent (BOLD) signals represent neuronal ac  vity, via measurement of de-oxyhemoglobin. We have 
developed a complex numerical model of neurovascular coupling which now combines the ability to simulate 
the fMRI BOLD responses due to con  nuous neuronal spiking, burs  ng phenomena and task orientated 
s  mula  on. Simulated BOLD responses are compared to experimental BOLD signals observed in the rat barrel 
cortex. We hypothesised that for long s  mula  ons a par  cular pathway including the locus coeruleus would 
recruit a network of both cor  cal excitatory and inhibitory neurons resul  ng in substan  al cor  cal ac  vity and 
increased cerebral blood fl ow, essen  ally a neuromodulatory eff ect. By introducing this addi  onal pathway in 
the numerical model our results showed excellent agreement. Burs  ng phenomena provide rela  vely clear 
BOLD signals as long as the  me between bursts is not too short. Numerical BOLD responses were compared to 
human experimental BOLD signal data obtained during fi nger tapping and quad tasks. Varia  ons of the strength 
of the neuronal Na+/K+ATPase exchange pump which restores ionic homeostasis upon neural ac  va  on and the 
parameter describing the morphological rela  onship between neurons and astrocytes provided BOLD responses 
with diff erent amplitudes and shape. By mapping experimental data to the simula  ons, sta  s  cal distribu  ons of 
three parameters (O2 consump  on by the ATPase pump, maximum pumping rate and neuron/astrocyte coupling) 
are obtained. These distribu  ons indicate the varia  onal range expected of the three BOLD signal mechanisms 
during tasks.

16.3
The Astrocyte-Neuron Lactate Shu  le’s role in neurovascular coupling

S. DOWDING, M. PLANK, C. ZAKKAROFF, and T. DAVID
UC High Performance Compu  ng, University of Canterbury, Christchurch, New Zealand

The astrocyte-neuron lactate shu  le (ANLS) hypothesis is that lactate may be shu  led from astrocytes to neurons 
and subsequently used as a nutrient during pathological condi  ons to help meet the energy requirements of the 
cell. In par  cular, the ANLS might provide energy to fuel neurovascular coupling (NVC). NVC can be defi ned as the 
regula  on of cerebral blood fl ow (CBF) in response to neural ac  vity. The Neurovascular Unit (NVU) models this 
coupling; it comprises neuron, astrocyte, smooth muscle cell, endothelial, and extracellular space compartments, 
and is able to predict local vascular responses to neural s  muli. The most recent addi  on to the NVU was a model 
of cerebral energy metabolism (CEM), including the ANLS. Simula  ons of healthy condi  ons with the extended 
NVU model showed good agreement with original NVU results, as well as experimental results from which the 
CEM model originated. During neuronal s  mula  on, NVC was responsible for genera  ng a CBF response, which 
in turn drove up the produc  on of astrocy  c and neuronal ATP. Increased ATP produc  on was able to maintain 
the increased Na+/K+ ATPase pump rates, resul  ng in unimpaired NVC. Simula  ng pathological condi  ons 
emphasised the importance of maintaining Na+/K+ ATPase pump rates for NVC. The reduc  on of input glucose 
and oxygen resulted in greatly lowered ATP produc  on in neurons and astrocytes. Consequently, the ac  vi  es of 
both neuronal and astrocy  c Na+/K+ ATPase pumps dropped. Our results suggested lactate concentra  on in the 
astrocyte was too low to be eff ec  vely shu  led at a rate able to meet the energy demands of neurons. However, 
the shu  le’s contribu  on was not insignifi cant and maintained some degree of ac  vity via the conversion of 
lactate to pyruvate catalysed by lactate dehydrogenase.
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16.4
Large scale  ssue slice simula  ons of cor  cal spreading depression

A. KENNY, M. PLANK, and T. DAVID 
Department of Mechanical Engineering, University of Canterbury, Christchurch, New Zealand

Neuronal ac  vity evokes a localised increase in cerebral blood fl ow in a response known as neurovascular 
coupling (NVC), achieved through communica  on via the neurovascular unit (NVU). Dysfunc  onal NVC can lead to 
pathologies such as cor  cal spreading depression (CSD), a slow moving wave of neuronal depolarisa  on and high 
extracellular potassium levels. CSD is associated with several neurological disorders such as migraine, Alzheimer’s 
disease and stroke. CSD can be aff ected by the presence of an astrocy  c gap junc  on network which is able to 
transport potassium away from areas of high concentra  on, though the precise role of this network is under 
debate. Our research group has developed a large scale numerical model able to simulate NVC in a vascularised 
cor  cal  ssue slice. “In silico” experiments are performed which are impossible in the wet-lab, providing an 
experimentally validated test-bed for a variety of neurological phenomena such as CSD. Under pathological 
condi  ons the model is able to simulate propaga  ng waves of high extracellular potassium travelling at 6.7 mm/
min comparing well with experimental fi ndings. The high potassium concentra  on induces a corresponding 
wave of vasoconstric  on (with decreased blood fl ow) then slight vasodila  on, achieved through communica  on 
via the NVU. This behaviour is seen in mul  ple experimental results. Our results show that the CSD wave is 
mediated by the extracellular electric fi eld since simple diff usion produces a “sub-excitable” condi  on and the 
wave stops. Nutrient supply is severely reduced during the wave causing possible cellular damage or stress on 
the lactate system. Increasing the density of astrocy  c gap junc  ons within the  ssue slice reduces the dura  on 
and amplitude of the vasoconstric  ve wave, and for high enough density the vasoconstric  ve behaviour outside 
the s  mulated area is eliminated. 
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