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Abstract Cardiovascular disease is the major cause of
death and disability in the world, with ischemic heart dis-
ease accounting for the vast majority of this health
problem. Current treatments for ischemic heart disease are
primarily aimed at either increasing blood and oxygen
supply to the heart or decreasing the heart’s oxygen
demand. A novel treatment strategy involves increasing the
efficiency of oxygen use by the heart. During and following
ischemia, the heart can become inefficient in using oxygen,
due in part to an excessive use of fatty acids as a source of
fuel. One potential strategy to increase cardiac efficiency is
to inhibit this use of fatty acid oxidation as a fuel source,
while stimulating the use of glucose oxidation as a fuel
source, which allows the heart to produce energy more
efficiently and reduces the acidosis associated with ische-
mia/reperfusion, both of which are beneficial to the heart.
Malonyl CoA is a potent endogenous inhibitor of cardiac
fatty acid oxidation, secondary to inhibition of carnitine
palmitoyl transferase-I, the gatekeeper of mitochondrial
fatty acid uptake. Malonyl CoA is synthesized in the heart
by acetyl CoA carboxylase and degraded by malonyl CoA
decarboxylase (MCD). Strategies aimed at increasing car-
diac malonyl CoA levels, such as via inhibition of MCD,
are associated with a decrease in fatty acid oxidation rates,
and a parallel increase in glucose oxidation rates. This is
associated with a decrease in acidosis and an improvement
in cardiac function and efficiency during and following
ischemia. Therefore, targeting malonyl CoA is a novel
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exciting approach for the treatment of cardiac ischemia/
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Introduction

Cardiovascular disease (CVD) is a major health problem
worldwide, and is now the number one killer of people in
the world [67]. The underlying cause for the majority of
people living with CVD is an imbalance between the
oxygen supply and the oxygen demand of the heart, a
condition coined “ischemic heart disease.”

In the last two decades, enormous advances have been
made in the treatment of ischemic heart disease, including
better risk prevention strategies, aggressive lipid lowering
strategies and timely re-introduction of blood flow to the
ischemic myocardium [2]. Current treatment strategies that
increase coronary blood flow and oxygen supply (such as
percutaneous and surgical techniques or the use of vaso-
dilators, antiplatelet agents, anticoagulants or thrombolytic
therapy), or to decrease myocardial oxygen demand (such
as ff-blockers or nitrates) have greatly improved the overall
prognosis of ischemic heart disease patients. However,
there are still a number of patients who prove to be ineli-
gible or unresponsive to conventional treatment. Thus, new
approaches to treat such patients are necessary, one of
these approaches being the optimization of cardiac energy
metabolism.

In the setting of ischemic heart disease, one approach to
optimize cardiac energy metabolism is to either stimulate
glucose oxidation or inhibit fatty acid oxidation [59]. The
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oxidation of one glucose molecule produces more ATP per
oxygen molecule consumed than that of a fatty acid mol-
ecule, which allows the heart to produce energy more
efficiently. Furthermore, stimulating glucose oxidation
either directly, or secondarily due to an inhibition of fatty
acid oxidation, results in improved coupling between gly-
colysis and glucose oxidation, which decreases proton
production and alleviates myocardial acidosis, improving
cardiac efficiency [9, 32-34].

Cardiac fatty acid oxidation can be inhibited in a number
of ways, such as blocking the transport of fatty acids into the
cardiac myocyte, inhibiting mitochondrial fatty acid uptake,
or directly inhibiting the enzymatic machinery of the mito-
chondrial f-oxidative pathway [54, 60]. While there are
existing agents that target all these approaches, this review
will focus on inhibiting mitochondrial fatty acid uptake. A
potent endogenous inhibitor of mitochondrial fatty acid
uptake is malonyl CoA, which inhibits carnitine palmitoyl-
tranferase 1 (CPT 1), the rate-limiting enzyme for
mitochondrial fatty acid uptake. Agents which either mimic
malonyl CoA’s actions on CPT 1, or that increase the myo-
cardial levels of malonyl CoA (by either stimulating malonyl
CoA synthesis or inhibiting malonyl CoA degradation) are
two approaches that have been used to inhibit mitochondrial
fatty acid uptake [21]. This paper reviews the literature on the
regulation of malonyl CoA via both its synthesis and its
degradation, and discusses in detail how the malonyl CoA
axis has been manipulated in animal models to implicate it as
a novel target to treat cardiac ischemia/reperfusion.

Cardiac energy metabolism in the normal heart
and during ischemia/reperfusion

In the normal healthy heart, almost all (>95%) ATP generated
in the heart arises from mitochondrial oxidative phosphory-
lation (primarily carbohydrate and fatty acid oxidation), with
the remainder derived from glycolysis [35]. Despite gener-
ating more ATP per molecule than carbohydrates, fatty acids
are not as oxygen-efficient, requiring approximately 10%
more oxygen to generate an equivalent amount of ATP [54].
In addition, fatty acids directly inhibit the oxidation of car-
bohydrates [43], due to a build up of fatty acid oxidative by-
products inhibiting mitochondrial pyruvate dehydrogenase,
the rate limiting enzyme in glucose oxidation. This uncouples
glycolysis from glucose oxidation, resulting in an increased
proton production [9, 32-34]. In the aerobic heart, this pro-
duction of protons does not present a problem as the heart has
a sufficient energy supply to deal with it.

During ischemia cardiac energy metabolism is dramati-
cally altered, which can include an increase in glycolysis
rates, which attempts to provide an anaerobic source of ATP
to make up for the reduction in oxidative ATP production.
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Of importance, is that even though overall mitochondrial
oxidative metabolism decreases in proportion to the sever-
ity of ischemia, fatty acid oxidation dominates as the main
source of residual oxidative metabolism [62], which occurs
at the expense of glucose oxidation. This result in an
uncoupling between glycolysis and glucose oxidation,
contributing to the acidosis observed in the ischemic heart,
which reduces cardiac efficiency [9, 32-34].

During reperfusion of the heart following ischemia,
glycolytic rates remain elevated, while fatty acids dominate
as a source of oxidative energy production [32]. These high
rates of fatty acid oxidation can account for >90% of
energy production in the reperfused heart, which inhibits
glucose oxidation via the Randle Cycle effect [43]. Thus,
similar to ischemia, reperfusion of the ischemic heart is
accompanied by an increased production of protons from
glycolysis uncoupled to glucose oxidation that lowers
cardiac efficiency. In this scenario, the accumulation of
protons can be detrimental to the heart, as ATP is being
diverted away from contractile function, in order to restore
ion homeostasis during the initial critical stages of the
heart’s recovery from the ischemic insult [33, 34, 55, 56].

The reason for the excessive use of fatty acids as a fuel
source during and following ischemia can be primarily
attributed to two factors: (1) plasma levels of fatty acids
rapidly increase during and following ischemia, resulting in
the heart being exposed to high levels of fatty acids [30, 36,
40], and (2) subcellular changes occur in the cardiac
myocyte itself, resulting in a decreased control of fatty acid
oxidation [28, 29]. With regard to the second point, cardiac
malonyl CoA levels decrease in the heart due to the rapid
activation of 5’AMP activated protein kinase (AMPK)
during ischemia [as a result of an increase in AMP levels
and activation of the upstream AMPK kinase (AMPKK)],
which persists into reperfusion, resulting in the phosphor-
ylation induced inhibition of acetyl CoA carboxylase
(ACCQ) [12, 16, 28, 29]. Lower malonyl CoA levels relieves
the inhibition of CPT 1, resulting in an accelerated mito-
chondrial fatty acid uptake for subsequent f-oxidation.

As will be discussed, one approach to optimize cardiac
energy metabolism is to increase cardiac malonyl CoA
levels. This inhibits mitochondrial fatty acid uptake, lead-
ing to a subsequent inhibition of fatty acid f-oxidation and
secondary increase in glucose oxidation [16, 32]. This
approach increases the efficiency of oxygen utilization and
cardiac energy production, while preventing the production
of protons and development of acidosis.

Regulation of malonyl CoA in the heart

As discussed, malonyl CoA is a potent endogenous inhib-
itor of CPT 1, the rate limiting enzyme for mitochondrial
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fatty acid uptake. Thus, an increase in myocardial malonyl
CoA levels result in a decrease in mitochondrial fatty acid
uptake and subsequent fatty acid f-oxidation. As malonyl
CoA has quite a rapid turnover, with a half life of about
1.25 min [44], both the production and the degradation of
malonyl CoA are important determinants of cardiac mal-
onyl CoA levels, and therefore fatty acid oxidation.
Malonyl CoA is synthesized via carboxylation of acetyl
CoA to malonyl CoA by acetyl CoA carboxylase (ACC)
(Fig. 1) [5, 57]. There are two isoforms of ACC in the
heart, o and f, with a predominance of ACCf [57]. This
has led to the suggestion that the malonyl CoA produced by
this isoform is more involved in the regulation of fatty acid
oxidation, as opposed to the high abundance of ACCu in
the liver, where the malonyl CoA produced by this isoform
may be primarily involved in the regulation of fatty acid

During ischemia/reperfusion
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Fig. 1 Malonyl CoA regulation in the aerobic heart and during
ischemia/reperfusion. Malonyl CoA is synthesized via carboxylation
of acetyl CoA by ACC, whereas it is degraded via decarboxylation
back into acetyl CoA by MCD. In addition, ACC is negatively
regulated by phosphorylation via AMPK. Increased production of
malonyl CoA inhibits mitochondrial uptake of fatty acids through
CPT-1, thereby reducing rates of fatty acid f-oxidation. During
ischemia, decreased ATP production and a subsequent increase in
AMP, as well as activation of AMPKK, result in the rapid activation
of AMPK, which phosphorylates and inhibits ACC, resulting in a
dramatic drop in malonyl CoA levels. Following aerobic reperfusion
of the ischemic heart, AMPK activity is sustained, while MCD
activity remains high. This keeps malonyl CoA levels low, allowing
fatty acids to dominate as the main source of oxidative ATP
production

biosynthesis [38]. Studies from our laboratory have con-
firmed the key role of ACCf in regulating cardiac fatty
acid oxidation [47]. The regulation of ACC is under
phosphorylation/dephosphorylation control, with 5’ AMP-
activated protein kinase (AMPK) playing a major role in its
phosphorylation-induced inactivation in the heart (Fig. 1)
[15, 28]. As a result, AMPK has a key signaling role in the
control of cardiac energy metabolism during reperfusion
following ischemia.

Malonyl CoA is degraded via decarboxylation of mal-
onyl CoA to acetyl CoA by malonyl CoA decarboxylase
(MCD) (Fig. 1) [12]. Studies in both rat and mouse have
demonstrated that MCD is very important in regulating
cardiac malonyl CoA levels, and that inhibition of MCD
can increase malonyl CoA levels and limit rates of fatty
acid oxidation, leading to a secondary increase in glucose
oxidation. This decrease in fatty acid oxidation and
increase in glucose oxidation is also associated with an
improvement in the functional recovery of the heart during
ischemia/reperfusion [8, 13, 14, 53]. In addition, peroxi-
some proliferator activated receptor alpha (PPARx), which
is a major transcription factor involved in the regulation of
fatty acid oxidation, has been shown to regulate expression
of MCD [31, 63]. An increase in MCD expression by
PPAR« activation is accompanied by an increase fatty acid
oxidation [19, 31].

Previous work in our laboratory has shown that the high
rates of cardiac fatty acid oxidation observed during
reperfusion of ischemic hearts are due, in part, to a rapid
reduction in malonyl CoA levels, as opposed to direct
alterations in CPT 1 [28]. Furthermore, we have shown that
this reduction in malonyl CoA levels can be explained by
the rapid activation of AMPK during ischemia, which
persists into reperfusion, causing the phosphorylation-
induced inactivation of ACC and decrease in malonyl CoA
levels (Fig. 1) [28]. It has also been suggested that MCD is
a direct target of AMPK, but our laboratory has been
unable to reproduce those findings [48]. In summary, a
decrease in ACC activity via AMPK phosphorylation,
together with a maintained MCD activity, are two major
factors responsible for the rapid decline in cardiac malonyl
CoA levels observed during ischemia/reperfusion.

Targeting malonyl CoA to treat cardiac
ischemia/reperfusion

One approach to increasing malonyl CoA levels in the heart
to inhibit fatty acid oxidation and treat ischemic heart disease
is to target one or more of the enzymes involved in regulating
its production (i.e. ACC, MCD, and/or AMPK). The section
will examine the targeting of each of these enzymes indi-
vidually as potential treatments for ischemia/reperfusion.
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Targeting ACC to treat ischemia/reperfusion injury
in the heart

The literature examining the effects of ACC inhibition on
ischemia/reperfusion injury is limited, as the majority of
literature on ACC manipulation has focused on inhibiting
ACC in the liver and adipose tissue. In lipogenic tissues
such as the liver it has been postulated that inhibiting ACC
to decrease malonyl CoA levels will decrease fatty acid
biosynthesis, thereby preventing the development of hep-
atosteatosis and obesity [7, 38, 41]. To date, there are no
selective pharmacological inhibitors of ACC available, and
if there were, they should be specific for inhibition of the f§
isoform of ACC, which predominates in the heart and is
more tightly linked to the regulation of fatty acid oxidation
[47].

Although pharmacological inhibitors of ACC in the
heart have not been studied, mice deficient for ACCp
(ACCp—/—) are available, and have been shown to have
significantly elevated rates of fatty acid oxidation [1]. This
would be expected if malonyl CoA levels were decreased.
A recent study in these mice showed the expected reduc-
tion in cardiac malonyl CoA levels and triglyceride
content, but curiously showed an unexpected elevation in
cardiac fatty acid oxidation and glucose oxidation rates, as
well as an improved insulin-stimulated glucose uptake
[17]. Coupled with its beneficial effects on enhancing
insulin sensitivity in muscle and the liver, the authors
concluded that ACC inhibition represents viable treatment
strategy for obesity and its associated conditions. However,
it should be noted in this study that the reported glucose
oxidation rates are 10-20 fold lower than what is normally
reported in the literature [26, 33, 37, 47], and the reported
change in fatty acid oxidation rates were minimal. More-
over, it is surprising to not observe an increase in oxygen
consumption in hearts from ACCf—/— mice if both
glucose and fatty acid oxidation were increased simulta-
neously. Because, obesity itself is a risk factor for the
development of ischemic heart disease [23-25], and
because elevated rates of fatty acid oxidation may have
detrimental effects on cardiac recovery during reperfusion
[28, 33, 34, 49, 59], it would be of interest in future studies
to examine the effects of ACCf deletion on ischemia/
reperfusion injury in hearts from ACCf—/— mice.

Targeting MCD to treat ischemia/reperfusion injury
in the heart

Recent studies from our laboratory have shown that MCD
is a key regulator of cardiac fatty acid oxidation, and that
inhibition of this enzyme is a viable target for the treatment
of ischemia/reperfusion injury [13, 14]. Employing novel
inhibitors of MCD, we have shown that inhibition of MCD
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in isolated working rat hearts significantly increases mal-
onyl CoA levels [13]. This is associated with a significant
decrease in fatty acid oxidation rates, resulting in a sig-
nificant increase in glucose oxidation rates. The increase in
glucose oxidation was accompanied by a significant
decrease in proton production during ischemia. These
metabolic effects induced via inhibition of MCD result in a
significant improvement in cardiac functional recovery of
aerobically reperfused ischemic rat hearts. In an in vivo pig
model of demand-induced ischemia, MCD inhibition also
results in an increase in cardiac malonyl CoA levels and
glucose oxidation rates [13, 53]. Moreover, this is accom-
panied by a significant reduction in myocardial lactate
production and a restoration of left ventricular regional
wall function. Last, a third study from our laboratory
investigated the effects of chronic MCD inhibition using a
whole body MCD deficient mouse model [14]. Although
hearts from these animals had a significant increase in
malonyl CoA levels, isolated aerobic working heart per-
fusions demonstrated no changes in glucose and fatty acid
metabolism compared to wild type control hearts. This may
have resulted from a significant up-regulation in the mRNA
of a number of different PPAR« target gene transcripts,
such as pyruvate dehydrogenase kinase 4 and CPT 1.
Nevertheless, when hearts from the MCD deficient mice
were subjected to an ischemia/reperfusion protocol, a sig-
nificant improvement in the recovery of cardiac power and
function was observed. This improved recovery was
accompanied by a significant increase in glucose oxidation
rates, such that glucose oxidation became the major source
of cardiac ATP production. In an in vivo ischemia model,
involving temporary occlusion of the left anterior
descending artery, we have also shown that hearts from
MCD deficient mice also have a marked reduction in
infarct size compared to wild-type mice [61].

While the inhibition of fatty acid oxidation in the heart
improves function in the setting of ischemic heart disease,
others have postulated that the inhibition of fatty acid
oxidation in peripheral tissues, such as the muscle and
liver, will exacerbate insulin resistance and type 2 diabetes
[7, 42, 66]. This is of potential importance, as a significant
number of patients with ischemic heart disease are also
obese/type 2 diabetic. From a clinical viewpoint, oral
delivery of MCD inhibitors for the treatment of ischemic
heart disease would be most practical. However, this would
also affect peripheral tissues such as the skeletal muscle,
and could cause insulin resistance. Surprisingly, a recent
collaboration by our laboratory and that of Debbie Muoio
and colleagues has shown that this is not the case [27].
Obesity and insulin resistance induced by a high fat diet are
actually associated with elevated rates of incomplete fatty
acid oxidation, as opposed to impaired fatty acid oxidation
[27]. We also demonstrated that the MCD deficient mouse
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is protected from obesity induced insulin resistance, which
is associated with a reduction in incomplete fatty acid
oxidation rates. Furthermore, our most recent work has
shown that hearts deficient for MCD following chronic
high fat feeding have a marked preservation of insulin-
stimulated glucose metabolism, and no signs of cardiac
dysfunction ex vivo and in vivo (unpublished data).

As mentioned earlier, MCD is a target gene of PPAR«
[31, 63], and in previous studies we have shown that hearts
from PPAR« deficient mice have a reduced MCD expres-
sion and increased malonyl CoA levels [6]. These animals
subsequently have lower rates of fatty acid oxidation,
increased rates of glucose oxidation, and exhibit improved
recovery of cardiac power during reperfusion following
ischemia, whereas PPARwa over-expressing mice hearts
have an opposite metabolic profile and a decreased
recovery of cardiac power under identical conditions [49].

Targeting AMPK to treat ischemia/reperfusion injury
in the heart

Since its initial discovery in 1988 by Grahame Hardie [52],
AMPK has become a protein with wide interest among
many laboratories, due to its ability to regulate energy
metabolism in times of stress. AMPK activation has a
number of effects on cardiac energy metabolism, which
includes an increase in glucose uptake and glycolysis, as
well as an increase in fatty acid oxidation. The increase in
fatty acid oxidation is due to AMPK phosphorylation and
inhibition of ACC, which leads to a decrease in malonyl
CoA levels in the heart [28, 29]. In 1995, we showed that
AMPK is rapidly activated during ischemia, leading to a
phosphorylation and inhibition of ACC [28]. This is
accompanied by an increase in fatty acid oxidation and a
decrease in cardiac function and efficiency during reper-
fusion of hearts following ischemia. However, whether this
AMPK stimulation of fatty acid oxidation contributes to
ischemic injury is controversial. A number of groups have
proposed that ischemic-induced stimulation of AMPK is
beneficial, due to an increase in glucose uptake and gly-
colysis, which can provide an anaerobic source of ATP for
the energy starved heart [3, 4, 45]. However, an AMPK-
induced decrease in cardiac malonyl CoA levels and
increase in fatty acid oxidation can decrease glucose oxi-
dation, which has the potential to increase proton
production and decrease cardiac efficiency [28]. We
therefore hypothesized that AMPK inhibition would benefit
the heart during ischemia/reperfusion by lowering malonyl
CoA levels and fatty acid oxidation rates, thereby
increasing glucose oxidation and preventing myocardial
acidosis. However, despite this it has been reported that
hearts from mice expressing a dominant negative (DN)
AMPKo2 with nearly a complete loss of myocardial

AMPK activity recover worse during reperfusion following
a low-flow ischemic insult [46]. Hearts from the transgenic
DN-AMPKo2 mice are also unable to increase glucose
uptake during low-flow ischemia/reperfusion, and have
increased rates of apoptosis as determined via TUNEL
staining. However, these DN-AMPKo2 transgenic mice
have significant left ventricular dysfunction in the normal
setting, which may explain why they did not recover as
well during ischemia/reperfusion. Moreover, there were no
changes in cardiac metabolism between wild type and DN-
AMPKGe2 transgenic mice, which suggests that there may
not have been changes in malonyl CoA levels from the
hearts of these animals. In a recent study, we found that if
hearts from DN-AMPKu2 transgenic mice were perfused
with high levels of fatty acids and subjected to ischemia,
heart function recovered to a greater extent, which was
associated with an increase in glucose oxidation [22]. As a
result, there is still confusion as to whether AMPK inhi-
bition or stimulation is beneficial in the setting of ischemia
and reperfusion.

Adding to this controversy, a recent study in AMPKo2
subunit deficient mice showed that while AMPKo?2 defi-
ciency accelerates the appearance of contracture during
ischemia, there is no effect of AMPKo2 deficiency on
reperfusion recovery of these hearts, suggesting that
AMPK inhibition is not detrimental in the heart [65]. This
study utilized glucose-only perfusions, and thus high rates
of fatty acid oxidation would not present a problem during
ischemia/reperfusion. It is possible that the benefit of
reducing the extremely high rates of fatty acid oxidation
during reperfusion may have been masked in this study.

Another study investigating the beneficial effects of
adiponectin during ischemia/reperfusion injury observed a
reduced phosphorylation of AMPK at its activating threo-
nine 172 residue in an adiponectin deficient mouse model
48 h after a 30 min ligation of the left anterior descending
coronary artery (LAD) [50]. This study showed that inhi-
bition of AMPK prevented the anti-apoptotic effects of
adiponectin on cardiac myocytes subjected to hypoxia/
reoxygenation. Nonetheless, the anti-apoptotic effects of
AMPK were studied only in culture, and the beneficial
effects of adiponectin during reperfusion following LAD
ligation were also proposed to be explained via cyclooxy-
genase II (COX-II) dependent mechanisms.

Interestingly, a recent study showing the beneficial
effects of short-term caloric restriction (CR) on cardiac
ischemia/reperfusion observed that short-term CR
increased plasma adiponectin levels and reduced infarct
size [51]. However, inhibition of AMPK or use of an
adiponectin antisense transgenic mouse strain prevented
the observed cardioprotection. Unfortunately, these studies
were limited due to the absence of fatty acids from the
perfusate in their ischemia/reperfusion protocol, and the
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AMPK inhibitor used (i.e. adenosine [9-D arabinofurano-
side] as an AMPK agonist is very nonspecific) [11]. In
addition, other pathways, such as the aforementioned
COX-II pathway, may also be contributing to the cardio-
protective actions of adiponectin observed during short-
term CR.

AMPK can also be inhibited via insulin administration,
and a number of studies have examined the role of glu-
cose—insulin—potassium (GIK) for the treatment of acute
myocardial infarction [18, 58, 64]. Our initial hypothesis
was that insulin would benefit the aerobically reperfused
ischemic heart via inhibition of AMPK, thereby reducing
fatty acid oxidation rates. This would increase glucose
oxidation rates, preventing myocardial acidosis and
improving functional recovery. To our surprise, we dis-
covered that fatty acids in the perfusate interfere with
insulin’s ability to inhibit AMPK, and although insulin
still was able to reduce fatty acid oxidation, a greater
stimulation of glycolysis than glucose oxidation actually
increased proton production and worsened functional
recovery during reperfusion [20]. Therefore, it is unlikely
that the beneficial effects of insulin during reperfusion
involve an inhibition of AMPK, and it is possible that our
results can explain the lack of mortality improvement
with GIK for patients experiencing an acute myocardial
infarction (AMI) during the recent multi-centre CREATE-
ECLA trial [39]. In fact, results from a recent study
suggest that GIK may actually increase mortality in the
early post AMI period [10].

Due to the mixed results of the discussed studies, we
believe that there is insufficient evidence to state that
AMPK activation is beneficial or harmful during cardiac
ischemia/reperfusion. What is needed to reconcile these
differences is more in-depth studies using in vivo ischemia/
reperfusion models to investigate the effects of AMPK on
myocardial function, as well as the need for actual mea-
surements of cardiac malonyl CoA levels in these systems.

Summary

Optimization of energy metabolism represents a potential
exciting novel approach for the treatment of cardiac
ischemia/reperfusion. An example of this approach
includes increasing cardiac levels of malonyl CoA, a potent
endogenous inhibitor of fatty acid oxidation, secondary to
its inhibition of CPT 1, the gatekeeper of mitochondrial
fatty acid uptake. Inhibition of MCD is one effective
approach to increase cardiac malonyl CoA levels. MCD
inhibition can improve functional recovery of the heart
during ischemia/reperfusion injury, which can be attributed
to an increased glucose oxidation and a decreased proton
production. Thus, targeting the malonyl CoA axis
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represents a potential exciting new avenue to explore for
the treatment of patients suffering from ischemic heart
disease.
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