3 | LIBRARY
Te Tumu Herenga RESEARCHSPACE@AUC KLAND

THE UMIVERSITY OF AUCKLANMD

http:/Z/researchspace.auckland.ac.nz

ResearchSpace@Auckland

Copyright Statement

The digital copy of this thesis is protected by the Copyright Act 1994 (New
Zealand).

This thesis may be consulted by you, provided you comply with the
provisions of the Act and the following conditions of use:

e Any use you make of these documents or images must be for
research or private study purposes only, and you may not make
them available to any other person.

e Authors control the copyright of their thesis. You will recognise the
author's right to be identified as the author of this thesis, and due
acknowledgement will be made to the author where appropriate.

e You will obtain the author's permission before publishing any
material from their thesis.

To request permissions please use the Feedback form on our webpage.
http://researchspace.auckland.ac.nz/feedback

General copyright and disclaimer

In addition to the above conditions, authors give their consent for the
digital copy of their work to be used subject to the conditions specified on
the Library Thesis Consent Form.


http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback

Neurochemical and functional characterization

of the ischaemic/reperfused retina

Daniel Sun

Department of Optometry and Vision Science
University of Auckland
Auckland, New Zealand

A thesis submitted in partial fulfillment of the requirements for the degree of

Doctor of Philosophy in Optometry

February, 2007



Author’s statement

The experiments carried out within this thesis are entirely my original work. Where other
materials, or another person’s work has been used due acknowledgement has been made within the

main body of the thesis. The thesis is less than 100,000 words, exclusive of tables, figures and

bibliography.

Daniel Sun

February, 2007

i



Acknowledgements

First and foremost, my deepest thanks to both my mentors Michael Kalloniatis and Algis Vingrys.
Thank you very much for your guidance, support and persistence throughout so many years

together. 1 could not have asked for better teachers in life and science.

I would also like to thank the other members of the Retinal Networks Laboratory, who have
provided endless hours of humour, inspiration and support, including Monica Acosta, Rebecca Hu,

Jacqui Chua and Sarah Holehouse.

To the members of the Visual Functions Lab (University of Melbourne), Bang Bui, Peter Yee,
Chris Nguyen, Anne Weymouth, Zheng He, and Trung Dang, thank you for taking me into the lab
so well. Your humour and collegial spirit within the lab have been amazing. A very special

thanks to Alex Jaworski and Jo Battista for their friendship and laughter within the lab and outside.

Lastly, to my family - my dad, mum, brother, sister, and our newest member Elmo. After all these

years, here it is!!

i




Abstract

Ischaemic cell death has been implicated in a number of retinal diseases, including glaucomatous
neuropathy, proliferative diabetic retinopathy and a range of vascular diseases. The cascade of
events leading to cell death involves both cellular metabolic changes and a functional component.
However, it is yet unknown how long these changes persist, whether all cell classes are affected,
and the characteristics of recovery. Moreover, there have been few studies correlating the

neurochemical changes with the ensuing functional changes.

The aim of this thesis was to track the metabolic and functional recovery of the ischaemic rat
retina, given the premise that: (1) amino acid neurochemistry reflects metabolic integrity and
cellular identity, and; (2) the permeation of a cation channel probe called agmatine reflects channel
functionality. Quantitative pattern recognition analysis of overlapping amino acid and agmatine
expression profiles were used to provide a statistically robust classification of cells according to
metabolic and functional characteristics. This classification was spatially complete and with
single cell resolution. Finally, the electroretinogram was used to also assess retinal function and
corroborate the observed neurochemical changes. These measures were taken at intervals for up to

two weeks of reperfusion.

The results show that by 48 hours of reperfusion, amino acid metabolism had returned to near
normal levels, although cell classes were missing, and there was persistant cation channel gating
anomalies. Immunocytochemical labeling identified a preferential loss of cone bipolar cells, with
all remaining rod bipolar cells showing increased cation channel gating. The electroretinogram
and agmatine experiments showed that this dysfunction is likely due to abnormal glutamate release
from pre-synaptic photoreceptors, detected by changes in post-synaptic agmatine permeation, and
not due to the presence of anomalous metabotropic glutamate receptors. Cholinergic amacrine
cells demonstrated persistant neurochemical labeling, but did not show cationic flux following
stimulation by glutamate agonists. In conclusion, the retina shows remarkable recovery in the
amino acid metabolism, although functional changes persist. Finally, structural integrity or
immunocytochemical labeling does not necessarily imply that cells maintain functional receptors,

or that neurotransmitter release is normal secondary to disease.
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