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Background 

Abnormal substrate metabolism in type 2 diabetes is well studied but frequently organs and tissues 

are studied in isolation and the inter-relationships between organs are ignored. For example, 

substrate cycles (such as the Cori and Cahill cycles) between the liver and the heart are dysregulated 

in type 2 diabetes and frequently altered by anti-diabetic therapies. Previous work from our laboratory 

has used magnetic resonance imaging (MRI) and hyperpolarized magnetic resonance spectroscopy 

(MRS) to provide novel insights into the mechanism of action of the anti-diabetic drug, Metformin. In 

this work, alterations in the cardiac and hepatic cytosolic redox potential were observed and shown 

to affect the cycling of lactate between the heart and liver. 
 

Hypothesis 

Hyperpolarized magnetic resonance imaging provides a novel tool to study the metabolic interactions 

between multiple organs, e.g. the heart, liver and kidneys, and can be used to explore the cardiac, 

hepatic and renal effects of anti-diabetic medications such as GLP-1 agonists and SGLT2 inhibitors.  
 

Aims 

(1) To develop appropriate metabolic probes and acquisition sequences for hyperpolarized MRS 

to study alterations in the metabolism of the diabetic heart, liver and kidney.  
 

(2) To apply these developments in rodent models of type 2 diabetes and to explore the cardiac, 

hepatic and renal effects of GLP-1 agonists and SGLT2 inhibitors.  
 

(3) To translate these developments into clinical tools for the study of patients with type 2 

diabetes to provide novel insights into the inter-relationships between different organs in 

humans. 
 

Work Description 

The initial work on this project will focus on the development of new metabolic probes (e.g. [1-
13C]lactate, [1-13C]alanine & [2-13C]dihydroxyacetone for the assessment of the metabolic inter-

relationships between the heart, liver and kidneys in type 2 diabetes. In addition to this, work will 

involve the implementation of hyperpolarized MRS acquisition sequences to enable the simultaneous 

acquisition of data from all three organs. 
 

Subsequent work will involve the application of these developments in a rodent model of type 2 

diabetes that combines the provision of a high-fat diet with a low-dose injection of Streptozotocin. 

Initially, the metabolic and functional alterations that occur with the progression of diabetes will be 
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assessed using hyperpolarized MRS, CINE MRI and echocardiography and subsequently, the effects of 

therapeutics such as the glucagon-like peptide 1 analogue, Liraglutide, and the SGLT2 inhibitor, 

Empagliflozin, will be explored. 
 

These pre-clinical studies will then be followed by the clinical translation of these novel imaging 

techniques into diabetic patients using the clinical hyperpolarized MRS system at the John Radcliffe 

Hospital. 
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