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The Cross-talk article by Brahma et al
suggests that ketone bodies are not an
important fuel for the heart. However, the
authors acknowledge a study in which
ketone oxidation contributed 34% of the
total ATP production in the heart, even
when the heart is exposed to low levels of
ketone (∼0.28mm) (Stowe et al. 2006). This
study concluded that ‘ketones are the pre-
ferred substrate for energy production in
the normal mouse heart in vivo’. Moreover,
a recent study from our group has shown
that ketone can become the major source of
acetyl-CoA supply for the TCA cycle when
its delivery to the heart is augmented (Ho
et al. 2021). Furthermore, even when fatty
acid levels are increased, ketone remains
the major fuel source for the heart when
ketone delivery to the heart is increased
(Ho et al. 2021). Combined, we believe
this demonstrates the importance of ketone
bodies as fuel to the heart.
The article by Brahma et al. questions the
interpretations of cardiac fuel utilization
based on ex vivo models, suggesting that
these interpretations may not faithfully
represent the in vivo scenario. They justify
this criticism based on the observation
that cardiac ketone oxidation machinery is
down-regulated in vivo under conditions
associated with chronically elevated ketone

levels, such as fasting, consumption of a
ketogenic diet or uncontrolled diabetes.
While it is not unexpected that chronic
exposure of the heart to high levels of
ketones might down-regulate ketone
oxidation enzymes, it does not necessarily
mean that ketone oxidation rates decrease
under these conditions. Any potential
decrease in ketone oxidation rates due
to decreased ketone oxidative enzyme
expression may be compensated for by the
increase in ketone concentration to which
the heart is exposed. Indeed, increasing
the concentration of ketone to which
the heart is exposed does dramatically
increase ketone oxidation rates (Ho et al.
2021).
Part of the conclusion that ketones are not
an important fuel for the heart is based
on the observation that cardiac-specific
deletion of either BDH1 or SCOT, two key
enzymes involved in ketone oxidation, is
not associated with significant alterations
in cardiac size or function (Schugar et al.
2014; Horton et al. 2019). However, if mice
with a cardiac deletion of either of these
enzymes are subjected to stress, they do
show aggravated cardiac dysfunction and
adverse remodelling (Schugar et al. 2014;
Horton et al. 2019). This suggests that
ketone oxidation is indeed important in pre-
venting this from occurring.
In conclusion, we propose that ketone is
an important fuel source for the heart. In
addition, increasing ketone oxidation may
represent a new therapeutic approach to
enhance cardiac energy metabolism and to
treat heart failure.

Call for comments

Readers are invited to give their views
on this and the accompanying Cross-
Talk articles in this issue by submitting
a brief (250 word) comment. Comments
may be submitted up to 6 weeks after
publication of the article, at which point
the discussion will close and the Cross-
Talk authors will be invited to submit a
‘LastWord’. Please email your comment,
including a title and a declaration of inter-
est, to jphysiol@physoc.org. Comments will
be moderated and accepted comments will

be published online only as ‘supporting
information’ to the original debate articles
once discussion has closed.
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