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Dibutylphthalate (DBP) is an endocrine disrupting compound (EDC). EDCs have 

been implicated in human exposure effects including cryptorchidism, hypospadias and 

precocious puberty in girls
1
; however there is no definitive cause/effect evidence. 

Members of the NZ Army stationed in Malaysia in the 1950’s and 60’s used DBP as 

an acaricide to prevent bush typhus which is transmitted by several ticks, including 

Tronbicula akamushi. DBP was painted onto the seams of the soldiers clothing before 

military operations and inevitably contaminated their skin from where it is known to 

be well absorbed. DBP-exposed NZ Malaysian veterans are therefore an interesting 

exposure cohort in which to study EDC effects. 

A questionnaire survey of NZ Malayan Veterans’ Association members was 

conducted which sought to determine the frequencies of selected EDC exposure-

associated disorders including cryptorchidism and hypospadias in the veterans, their 

children and grandchildren. The data were compared to the frequencies of the same 

disorders in the NZ population as a whole. 

Eighty-six questionnaires were returned, of these 73 of the respondents were exposed 

repeatedly to DBT. The DBT-exposed veterans had a total of 77 male children. The 

incidence of hypospadias, and cryptorchidism in the male offspring cohort were 1.3% 

(i.e. 1 case) and 5.2% (i.e. 4 cases) respectively. The corresponding incidences in the 

NZ population are 0.28%
2
 and 3%

3
 therefore the incidence of EDC-associated 

disorders is greater in the male children of exposed veterans. This is the first evidence 

of a causal link between exposure of human males to an EDC and biological effects. 
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A cancer cell zapper under development will offer two modalities of therapy, namely 

electroporation (EP) and radio frequency ablation (RFA). RFA has been used in 

surgical practice successfully for small liver tumours. EP renders cells temporarily 

permeable to dosing of large molecules including chemotherapy drugs like bleomycin 

and cysplatin, or genetic materials. EP is still mainly in an experimental phase, 

although some standard treatments for superficial cancers have been adopted (and 

defined as electrochemotherapy). EP is also used quite regularly in vitro for cell 

fusion, cloning and genetic manipulation. We believe that EP as an additional 

modality during the RFA procedure will raise the success rate of the treatment.  

The main thrust of the project currently is in the design of the electroporator. This will 

also enable design of new RFA apparatus, due to similarities in circuit structure. Our 

electroporator will be ultimately used to treat a volume of tissue in vivo, thus is 

required to generate high voltages of up to several thousand volts. We also want to 

make it unique in its ability to work across a wide range of frequencies (up to several 

MHz) and voltages, be both bipolar or monopolar (in terms of voltage) and also offer 

different waveforms. Commercial electroporators lack the majority of these features 

as they mostly offer only monopolar rectangular pulses. The ability to vary frequency 

will also benefit RFA effectiveness, where commercial RFA systems operate at fixed 

frequencies.  

Several development circuits have been built and tested electrically. We are currently 

working on a prototype half-bridge pulser as major building-block. Completion of the 

prototype will allow in vitro testing on agglomerations of cultivated cancer cells, 

attempting to show an improvement in efficacy of chemotherapy using a rather unique 

regime of bipolar pulses at several frequencies compared to previous studies by other 

groups.  

 

Optimisation of energy thresholds in spectral X-ray imaging for 

biological material discrimination 

SJ Nik, J Meyer, APH Butler, PH Butler, R Watts. Department of Physics and 

Astronomy, University of Canterbury, Christchurch.  

Discrimination of materials in computed tomography (CT) is based on their different 

X-ray attenuation, displayed in the shades of gray in normal CT images. Exploiting 

the energy dependency of these attenuation profiles, dual-energy CT provides an 

improved characterisation of tissues by applying two distinct X-ray spectra, typically 

generated using different kV settings of the X-ray tube. Modern photon counting X-

ray detectors with energy resolving capabilities are able to record the energy in 

addition to the spatial positions of the detected photons. One of the appealing features 

of these detectors is the intrinsic energy thresholds that enable the classification of 

photons into multiple energy bins. Multi-energy or spectral X-ray CT hence promises 
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a better delineation of materials by accessing the extra information currently 

unavailable to the conventional and dual-energy CT.  

It has been shown that the choice of binning can affect the performance of material 

decomposition [1, 2]. In this work, the accuracy of discriminating different biological 

materials upon optimising the positions and widths of the energy bins is investigated. 

A way of describing the conspicuity of materials by assessing the standard deviations 

associated with thickness measurements is proposed. A metric is setup and tested 

against simplistic cases before being applied to realistic examples. Our initial results 

indicate that optimal energy threshold arrangement can improve the ability to 

discriminate materials substantially (about 20% reduction in the standard deviations 

of thicknesses) compared to equidistant windows. In the future, the results will be 

verified using Monte Carlo simulations and by means of physical measurements. 
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Hyperglycaemia is prevalent in critical care due to the stress of patient’s condition, 

even without a previous history of diabetes. Model-based and model-derived tight 

glycemic control (TGC) methods, such as SPRINT, have shown significant reductions 

in ICU mortality, organ failure and cost. However, as computational capability and 

access improve, model-based TGC offers avenues for significant improvement if they 

can provide highly accurate predictions of the glycaemic outcome of an intervention.  

This study presents a new highly predictive and comprehensive glucose-insulin 

dynamic system model for real-time TGC. Identification of critical population 

parameters is carried out parametrically, optimizing one hour forward prediction 

error. Validation is performed using clinical data from 173 critically ill patients on the 

SPRINT TGC protocol that received insulin while in the ICU and stayed for more 

than 72 hours. The model is assessed for both its fitting and, more critically for TGC, 

predictive performance, as measured in absolute percentage error. 

The model achieves fitting error < 1% in all data from 173 patients. Median per-

patient one hour ahead prediction error is a very low 3.05% [IQR 1.26 6.54]%. All 

identified population parameter values are within reported physiological ranges. 

Parameter sensitivity analysis further confirms the validity of limiting time-varying 

parameters to insulin sensitivity, SI(t) only. 
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The model is capable of accurately capturing long term dynamics and evolution of 

critically ill patient’s glucose insulin response. It has a stronger physiological 

relevance and more detailed insulin kinetics in particular than prior models. All 

predictions up to the 90
th

 percentile are within measurement error. These results 

indicate the model’s suitability as a platform for developing robust TGC strategies.  
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Typical 2-cys peroxiredoxins (Prxs 1-4) have a low-pKa peroxidatic cysteine residue 

that is rapidly oxidised by hydrogen peroxide (H2O2) to a sulfenic acid. The oxidised 

cysteine can either hyperoxidise (to a sulfinic or sulfonic acid) or most often forms a 

disulfide bond with the resolving cysteine of an adjacent Prx molecule. This 

homodimer is reduced by the thioredoxin/thioredoxin reductase system while the 

hyperoxidised form is re-reduced in an ATP-dependent process by sulfiredoxin.  

Few studies have investigated how Prxs might be specifically oxidised by other thiol-

targeting oxidants, such as chloramines. Chloramines are formed as a result of the 

neutrophil oxidative burst. Neutrophil-derived HOCl reacts with amines to produce 

chloramines, which can in turn oxidise biological targets and contribute to 

inflammatory tissue damage. Prxs could act as favoured targets for chloramines and 

potentially protect cells from these inflammatory oxidants. We have characterized and 

compared the oxidation, hyperoxidation and regeneration of Prxs 1, 2 and 3 in human 

umbilical vein endothelial cells (HUVEC) treated with cell-permeable chloramines, 

HOCl or H2O2. 

Our findings show that HUVEC peroxiredoxins are readily oxidised by each oxidant 

examined, but are hyperoxidised only with H2O2 treatments. A lack of Prx3 oxidation 

by glycine chloramine suggests that this oxidant does not easily gain access to the 

mitochondria. Minimal losses in cell viability and thioredoxin reductase activity 

indicate that Prx oxidation is likely via a direct mechanism. Recovery of the thiol 

from the disulfide requires less than 30 minutes, while the hyperoxidised form is 

recycled after several hours in medium.  

Thus, exposure of endothelial cells to inflammatory oxidants results in reversible Prx 

oxidation; this could implicate the Prx family in potentiating cellular responses during 

inflammation. 
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Virtual trials based on a metabolic system model and clinical data have been used by 

our research group to develop tight glycemic control (TGC) strategies. Virtual 

patients are created from retrospective data [1, 2], upon which new strategies can be 

tested. While clinically tested in several cases, the underlying method has never been 

fully validated. The aim is to validate the model and methods used for virtual trials 

using clinical data from two matched cohorts from an independent TGC trial. 

A retrospective analysis using a 211 patient subset from the Glucontrol trial 

conducted in Liege, Belgium. Glucontrol-A (N=142) targeted 4.4-6.1 mmol/L and 

Glucontrol-B (N=69) targeted 7.8-10.0 mmol/L. Cohorts were matched by APACHE 

II score. The Glucontrol-A cohort was slightly older (p=0.0352). Virtual trial methods 

are used for self-validation (A protocol on Group A virtual patients; and B protocol on 

B virtual patients) and cross-validation (A protocol on Group B virtual patients; and B 

protocol on A virtual patients). These tests show whether virtual trials accurately 

capture individual patients. 

Intra-patient metabolic variability was very similar across median, IQR and 90% CI 

of the model-based insulin sensitivity range for both cohorts. Model fit errors were 

very small (<0.25%) for both cohorts, indicating model fitness. Cohort median blood 

glucose was within 5% (0.3-0.5 mmol/L) of the clinical values for self and cross-

validation tests on both cohorts. Distributions were within 1-10% across all glycaemic 

levels. 

Self-validation indicated clinically insignificant errors due to model and/or clinical 

compliance. Cross-validation showed that virtual patients created from clinical data 

are independent of the clinical inputs used to generate them and can represent any 

similar cohort. Thus, virtual patients and in-silico virtual trials are validated in their 

ability to accurately simulate, in advance, the clinical results of a TGC protocol, 

enabling rapid in-silico protocol design and optimisation. 
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An important mechanism of the innate immune defence of frogs is secretion of 

antimicrobial peptides. The activity of frog skin peptides was investigated against 

seven bacterial pathogens associated with bacterial dermatosepticemia, a fatal, 

infectious disease of frogs. These frog pathogens are also considered as potential 

zoonotic pathogens of humans and are: Aeromonas hydrophila, Chryseobacterium 

meningosepticum, Citrobacter freundii, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Proteus mirabilis, and Serratia liquefaciens. Activity was also assessed 

against a frog bacterial saprophyte Lactococcus lactis and human clinical isolate of E. 

coli (ATCC 25922). Natural peptide mixtures and single peptides from skin secretions 

of three frog species: African Clawed Frogs (Xenopus laevis), Green and Golden Bell 

Frogs (Litoria aurea) and Southern Bell Frogs (Litoria raniformis) were tested for 

antibacterial activity. 

The peptide mixtures and single peptides of all three tested frog species showed 

inhibitory activity against C. freundii, C. meningosepticum, K. pneumoniae and P. 

aeruginosa and L. lactis and E. coli (ATCC 25922) in vitro indicating a likely 

protective function (1,2). Three pathogens A. hydrophila, P. mirabilis and S. 

liquefaciens are abundant components of the skin microbiota of healthy frogs and 

were found to be resistant to the peptide mixtures of all three frog species tested (1). It 

was shown that one pathogen, A. hydrophila, had the ability to secrete proteases 

which could inactivate skin peptides (3). Thus while skin peptides could function 

against several pathogens, some pathogens might have co-evolved to resist skin 

peptides.  

The potential for use of such peptides and their derivatives in human medicine is 

worthy of consideration. 
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