
(p<0.05) and mitochondrial respiration assessed by a Seahorse
flux analyser decreased by 25% (p<0.05).

To determine the effects of mtDNA damage, we studied
arterial ageing in mice that overexpressed the mitochondrial
helicase Twinkle (Tw+), or with a mutation in the proof-read-
ing ability of the mitochondrial polymerase gamma (PolG).
Twinkle expression restored mtDNA copy number with con-
current improvement in mitochondrial respiration. Twinkle
expression delayed all physiological parameters of vascular
ageing, associated with decreased collagen and elastin breaks
(p<0.05). In contrast, PolG mice with increased mtDNA dam-
age showed accelerated vascular ageing compared to controls
(p<0.05).
Conclusions We have identified multiple, reproducible parame-
ters of arterial ageing in mice that are detected at far earlier
time points than previously described; in particular, compli-
ance, distensibility and □SI at 44wk provide the earliest dis-
crimination. Arterial mitochondrial function reduces markedly
with age, and accelerates vascular ageing, whereas augmenting
mitochondrial function delays ageing, identifying prevention of
mtDNA damage and dysfunction as a therapeutic target in
ageing.
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Myocardial infarction (MI) remains a major killer despite
highly optimised systems for the delivery of primary percuta-
neous coronary intervention (PPCI), highlighting a need for
novel therapeutics that could be administered in the days fol-
lowing the event. The healing myocardium undergoes a mac-
rophage driven inflammatory response which is a compelling
therapeutic target, though clinical exploration of this process
has been limited because conventional imaging techniques can-
not assess cellular inflammation in the heart.

We hypothesised that the huge increases in signal-to-noise
ratio provided by hyperpolarized MRI could provide a solu-
tion to this problem. In rodent models, hyperpolarized [1–
13C]pyruvate MRI using a custom designed metabolite map-
ping sequence in vivo demonstrated that experimental MI
caused intense [1–13C]lactate signal in healing myocardial seg-
ments at both day 3 (paralleling the maximal ‘inflammatory’
phase of the macrophage response) and also at day 7 (‘repara-
tive’ phase), compared to sham operated controls. Monocyte/
macrophage depletion using clodronate liposomes normalised
the [1–13C]lactate signal at both timepoints.

Gene expression analysis of monocytes/macrophages sorted
from infarct tissue demonstrated regulation of key enzymes of
glycolysis, suggesting that monocyte/macrophage recruitment
and metabolic reprogramming of those cells underlies the high
lactate signal detected. Hyperpolarized [1–13C]pyruvate MR

spectroscopy in macrophage-like cell suspensions confirmed
that cellular activation and polarisation almost doubles hyper-
polarized lactate label flux rates in vitro; blockade of glycoly-
sis with 2-deoxyglucose (2-DG) in activated macrophage-like
cells normalised lactate label flux rates and also markedly
inhibited production of key pro-inflammatory cytokines at
both mRNA and protein level, without major cytotoxicity.

Systemic administration of 2-deoxyglucose following rodent
MI normalised hyperpolarized [1–13C]lactate signal in healing
myocardial segments and also caused dose dependent improve-
ment in IL-1b expression in infarct tissue, providing proof-of-
concept of ‘MR visible’ immunomodulation. Furthermore, cine
MRI demonstrated improvements in myocardial remodelling
and systolic function in 2-DG treated rats at 3 months.
Finally, we present initial human experience of cardiac hyper-
polarized [1–13C]pyruvate MR, demonstrating unprecedented
improvements in signal-to-noise ratio and highlighting the
potential for rapid clinical translation of these findings.

We conclude that hyperpolarized MRI provides a novel bio-
marker of cardiac inflammation and repair post-MI by detect-
ing the induction of an immuno-metabolic pathway in cardiac
macrophages which controls key inflammatory cytokine pro-
duction and influences myocardial remodelling. In addition to
a role in the development of novel therapeutics to improve
remodelling post MI, hyperpolarized MRI may have broad
applications in other inflammatory cardiovascular diseases.
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Background Inflammation drives atherosclerotic plaque rupture
underlying most clinical events. While inflammation can be
measured using 18F-fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET), 18F-FDG lacks cell-specificity and is
unreliable for coronary imaging owing to myocardial signal
spillover. Up-regulation of somatostatin receptor-2 (SST2)
occurs in activated macrophages offering a novel inflammation
imaging target.
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