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Abstract 

The overproduction of reactive oxygen species (ROS), leading to oxidative stress, is 

central to the induction of hyperglycaemia-mediated endothelial dysfunction and the 

onset of diabetes-related cardiovascular disease (CVD).  In vitro treatment with high 

glucose is known to increase ROS production in endothelial cells.  However, the 

comparative effect of intermittent-high glucose on ROS production in endothelial 

cells is yet to be fully established.  Moreover, the source(s) and mechanism(s) of 

high glucose-induced superoxide (the primary ROS) overproduction remain unclear.   

The first aim of this thesis was to utilise an in vitro model of high and intermittent-

high glucose to measure the comparative impact of treatments on ROS production, 

cell viability/toxicity, and cell proteome, in human umbilical endothelial cells 

(HUVECs).  Secondly, the impact of high and intermittent-high glucose on 

bioenergetic function in HUVECs was assessed, using extracellular flux analysis.  

Lastly, the impact of improved glucose control on oxidative stress was 

retrospectively determined using data from a clinical study of T2DM patients 

receiving insulin pump therapy. 

High glucose significantly increased both general and mitochondrial superoxide 

generation in HUVECs, whereas intermittent-high glucose did not.  High glucose 

also increased the total NAD+/NADH ratio and appeared to elicit changes in the cell 

proteome, whilst not significantly affecting cell survival.  High and intermittent-high 

glucose significantly decreased the OCR/ECAR ratio in HUVECs, driven primarily 

by an increase in glycolytic metabolism.  Glucose treatments had little impact on the 

mitochondrial respiratory function in HUVECs, due to the inherent lack of reserve 

respiratory capacity in the cells.  Finally, better glucose control was found to 
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convertible back to pyruvate.  Pyruvate is further metabolised by pyruvate 

dehydrogenase (PHD), to produce acetyl coenzyme A, which is utilised by the Krebs 

cycle to yield the electron-carrying cofactors NADH and FADH2 for use by the 

electron transport chain (Figure 1.2). 

 

Figure 1.2 Summary of the bioenergetic metabolism of glucose, beginning with 
glycolysis in the cytosol. Its product, pyruvate, can then form lactate, or undergo 
decarboxylation in the mitochondrial matrix to form Acetyl-CoA, which then feeds 
into the Krebs cycle. This cycle produces the reduced electron-carrying cofactors 
NADH and FADH2, which supply electrons for use in the electron transport chain 
and oxidative phosphorylation (adapted from Lunt & Vander Heiden, 2011). 
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Figure 1.3 The location and events of energy production via the electron transport 
chain and oxidative phosphorylation, within the inner mitochondrial membrane 
(adapted from Clay et al, 2011).  NADH and FADH2 carry electrons from the Krebs 
cycle to the electron transport chain. The electrons pass along the chain of electron 
carrying protein complexes via the mobile electron carrying coenzyme Q 
(ubiquinone) and cytochrome c (Cyt c), finally reacting with hydrogen ions and 
oxygen to produce water.  As electrons are passed down the chain, hydrogen ions are 
pumped from the matrix into the intermembrane space, creating a flowing gradient of 
protons, which is subsequently utilised by ATP synthase to phosphorylate ADP. 

 

Free radicals, which include some reactive oxygen species (e.g. superoxide/hydroxyl 

radical) and reactive nitrogen species (RNS; e.g. nitric oxide), can be generated by a 

variety of mechanisms and play a number of roles in biological systems. For 

example, radicals are recognised to be important signalling molecules in normal 

physiological processes, but can also mediate DNA damage (Dröge, 2002). 

ROS can be either radical or non-radical derivatives of oxygen and are important 

molecular products of biochemical reactions within living systems (Miller et al, 
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Figure 1.6 Sources of input contributing to cellular generation/depletion of reactive 
species and the physiological consequences of oxidative/nitrosative imbalance 
(adapted from Finkel & Holbrook, 2000). 

 

1.3 The Pathogenesis of Diabetic Cardiovascular Disease 

1.3.1 Physiology of the vasculature 

The vasculature comprises all the blood vessels of the body, including arteries and 

arterioles, veins and venules, and capillaries.  With the exception of capillaries, 

healthy blood vessel walls have three layers: the tunica adventitia, the tunica media, 

and the tunica intima, which together enclose the central lumen (Moise & Fairman, 

2006). 

Comprising the tunica intima, the endothelium is a phenotypically heterogeneous 

monolayer of cells that acts as a selectively-permeable barrier between surrounding 

tissues and the lumen and is largely responsible for maintenance of vascular 
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