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ABSTRACT: After birth dramatic decreases in cardiac malonyl
CoA levels result in the rapid maturation of fatty acid oxidation. We
have previously demonstrated that the decrease in malonyl CoA is
due to increased activity of malonyl CoA decarboxylase (MCD), and
decreased activity of acetyl CoA carboxylase (ACC), enzymes which
degrade and synthesize malonyl CoA, respectively. Decreased ACC
activity corresponds to an increase in the activity of 5�-AMP acti-
vated protein kinase (AMPK), which phosphorylates and inhibits
ACC. These alterations are delayed by myocardial hypertrophy. As
rates of fatty acid oxidation can influence the ability of the heart to
withstand an ischemic insult, we examined the expression of MCD,
ACC, and AMPK in the newborn human heart. Ventricular biopsies
were obtained from infants undergoing cardiac surgery. Immunoblot
analysis showed a positive correlation between MCD expression and
age. In contrast, a negative correlation in both ACC and AMPK
expression and age was observed. All ventricular samples displayed
some degree of hypertrophy, however, no differences in enzyme
expression were found between moderate and severe hypertrophy.
This indicates that increased expression of MCD, and the decreased
expression of ACC and AMPK are important regulators of the
maturation of fatty acid oxidation in the newborn human heart.
(Pediatr Res 64: 643–647, 2008)

The adult heart has an extremely high energy demand
which is met by the oxidation of fatty acids, accounting

for 60–80% of cardiac ATP (ATP) production (1–5). Glyco-
lysis, glucose oxidation, and lactate oxidation are responsible
for the remainder of ATP production (2). Interestingly, cardiac
energy substrate preference differs between the fetal and
neonatal heart. In the fetal heart blood levels of fatty acids are
low (6) and the heart has a low circulatory workload and
meets its energy demands from glycolysis and lactate oxida-
tion (6–8). At birth, major cardiovascular changes occur,
including a reduction in pulmonary vascular resistance and
closure of the ductus arteriosus and foramen ovale. These
changes are coupled to an increase in peripheral vascular
resistance, and an increased workload on the newborn heart.
With circulating substrate and hormonal changes there is a
switch in the energy substrate preference of the heart, from
glucose and lactate metabolism to fatty acid oxidation (6–8).
Although plasma fatty acid levels rapidly rise to levels seen in the

adult immediately after birth (6), newborn rabbit studies have
shown that the heart undergoes a transition from oxidizing glu-
cose to oxidizing fatty acids during the 7 d immediately after
birth (9,10). The time frame responsible for the maturation of
fatty acid oxidation in the human newborn heart is not yet known.
The increase in fatty acid oxidation after birth in the newborn

rabbit heart is related to dramatic decreases in cardiac malonyl
CoA levels (10,11). Malonyl CoA is a potent inhibitor of carni-
tine palmitoyl transferase-1 (CPT-1), the rate limiting enzyme of
mitochondrial fatty acid uptake (12). Acetyl CoA Carboxylase
(ACC), is responsible for the synthesis of cardiac malonyl CoA
(5,10,13–15) (Fig. 1), whereas malonyl CoA decarboxylase
(MCD), is primarily responsible for the degradation of cardiac
malonyl CoA (16). In newborn rabbit and pig hearts, a decrease
in ACC activity and an increase in MCD activity is responsible
for the decrease in malonyl CoA and the subsequent increase in
fatty acid oxidation after birth (10,16,17). The decrease in ACC
activity is attributed to an increase in 5�-AMP activated protein
kinase (AMPK) activity, which phosphorylates and inhibits ACC
(10,17,18) (Fig. 1). AMPK itself is inhibited by insulin (19), and
in the newborn rabbit, a decrease in circulating levels of insulin
after birth (6) disinhibits AMPK, thereby allowing it to phos-
phorylate and inhibit the activity of ACC (19), consequently
decreasing the formation of malonyl CoA, and relieving the
inhibition of mitochondrial fatty acid oxidation. Although circu-
lating levels of insulin also decrease in newborn humans (6), it is
not known what effect this has on the levels and phosphorylation
state of cardiac ACC and AMPK. Thus, the roles of MCD, ACC,
and AMPK in the maturation of fatty acid oxidation in the
newborn human heart have yet to be determined.
Various pathophysiological states such as myocardial hyper-

trophy can influence cardiac fatty acid oxidation. In the adult,
myocardial hypertrophy is associated with dramatic changes in
energy metabolism, particularly a switch to a fetal glycolytic
phenotype (20–22). In the newborn pig, myocardial hypertrophy
delays the maturation of fatty acid oxidation due to persistently
elevated malonyl CoA levels, elevated ACC activity, and de-
creased AMPK activity (17). This delay in the maturation of fatty
acid oxidation may result in the newborn heart relying on gly-
colysis as a primary source of ATP, a metabolic shift also
observed in the hypertrophied adult heart (20–22).
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Myocardial hypertrophy can occur in pediatric patients with
congenital heart defects, such as tetralogy of fallot (TOF),
hypoplastic left-heart syndrome (HLHS), atrioventricular sep-
tal defects (AVSD), ventricular septal defects (VSD), or right
ventricular outflow tract obstructions (RVOTO). Whether
myocardial hypertrophy alters the expression of the enzymes
regulating malonyl CoA levels and, thus, the maturation of
fatty acid oxidation in the newborn human heart is not known.
As energy substrate preference is an important determinant

of the hearts ability to withstand an ischemic insult (3,4,23–
25), and the newborn heart is subjected to a mandatory
ischemic period during surgery to correct congenital heart
defects, optimizing energy metabolism represents a novel
therapeutic approach to protect the ischemic heart (23–25).
However, before this potential therapeutic approach can be
used in the newborn, it is important to have a better under-
standing of energy metabolism in the newborn human heart,
particularly the maturation of fatty acid oxidation. The pur-
pose of this study was to determine age-dependent changes in
MCD, ACC, and AMPK expression in small ventricular bi-
opsies collected at the time of cardiac surgery from 26 infants
of varying age. Furthermore, this study examined the influ-
ence of varying degrees of cardiac hypertrophy on the en-
zymes regulating the maturation of fatty acid metabolism in
the newborn human heart. In accordance with previous find-
ings in animal models, we hypothesize that the maturation of
fatty acid metabolism in the newborn human heart will be
manifested as an increase in the expression of cardiac MCD,
a decrease in the expression and/or increase in phosphoryla-
tion of ACC, as well as increased AMPK expression. We
further hypothesize that cardiac hypertrophy will delay the
increase in expression of MCD and AMPK, and thus delay the
maturation of fatty acid oxidation in the newborn human heart.

METHODS

Sample collection. After legal guardian consent, 26 right ventricular myo-
cardial samples ranging from 18 to 200 mg in size were collected from infants
undergoing cardiac surgery for the correction of congenital heart defects. The
samples were obtained from specimens normally resected and discarded as part
of the operative procedure. Surgeries were performed and samples collected at the
University of Alberta Hospital, Walter C. Mackenzie Health Sciences Centre in
Edmonton, Alberta, Canada. Ethical approval was obtained by the University of

Alberta Health Research Ethics Board, file #4876. All tissues were immediately
frozen in liquid N2 and stored at �80°C until used for biochemical analysis.

Immunoblot analysis of MCD, ACC, and AMPK. For biochemical analy-
sis, 25 � 2 mg of tissue was homogenized in buffer containing 0.05 M Tris-HCl,
0.25 M mannitol, 1 mM EDTA, 1 mM EGTA, 50 mM sodium fluoride, 5 mM
sodium pyrophosphate, 1 mM dithiotreitol, 0.1% (vol/vol) Protease Inhibitor for
Mammalian Tissues (Sigma Chemical Co. Aldrich, Oakville, ON), 1% (vol/vol)
Phosphatase Inhibitor Cocktail I (Sigma Chemical Co.-Aldrich, Oakville, ON),
Phosphatase Inhibitor Cocktail II (Sigma Chemical Co.-Aldrich, Oakville, ON),
and 10% (wt/vol) glycerol. Homogenates were cleared by centrifugation and the
supernatant was collected for biochemical analysis. Protein was quantified using
the Bradford method. Western immunoblots were performed as described previ-
ously (16). MCD was immunblotted with an antiMCD antibody (H2-40 antibody
prepared in-house). ACC was immunblotted with a rabbit antiphospho-ACC
(Ser79) antibody (Upstate Cell Signaling Technologies USA, Charlottesville,
VA) or peroxidase-conjugated streptavivdin antibody (KPL, Gaithersburg, MA).
AMPK was immunoblotted with antiPhospho-AMPK (Thr 172) antibody (Cell
Signaling Technology, Inc., Beverly, MA), or antiAMPK antibody (Cell Signal-
ing Technology, Inc., Beverly, MA).

Sample selection. As myocardial hypertrophy can decrease fatty acid oxida-
tion in a manner proportional to its severity (26), samples were stratified based on
the severity of hypertrophy. Hypertrophy was categorized as mild, moderate, and
severe by the pediatric cardiac surgeon performing the corrective procedure by
taking into account lesion type and patient age. When available, quantification of
right ventricular wall thickness was performed via M-mode/two dimensional
echocardiography, in either the long- or short-axis view, leading edge to leading
edge at the equivalent level of the left ventricular papillary muscles at end-
diastole. In instances where echocardiographic records were not available, hy-
pertrophy was categorized solely according to lesion type and patient age.

Data analysis. Due to the large sample size, 3 gels were run for each
enzyme of interest (MCD, P-ACC, ACC, P-AMPK, and AMPK). The pos-
sibility exists of slight variations in titers of the primary and secondary
antibodies used in western immunoblotting. Consequently, the logarithm for
all raw values was taken to account for any skewedness in the data (Figs.
2–4). Normalization for the mean � SD for each group was performed to
eliminate slight differences between individual gels, thereby allowing direct
comparison. This provided a sample size of 26, with samples obtained from
infants ranging in age from 0.2 to 10 mo. Age-dependent changes in enzyme
expression were determined by linear regression analysis. Where appropriate,
results are expressed as means � SEM. Differences in the expression of
MCD, ACC, and AMPK between clinically moderate and severe hypertrophy
were estimated by the Mann-Whitney U-test. Results were considered signif-
icant at p � 0.05. All statistical analyses were performed using GraphPad
InStat version 3.0 (GraphPad Software, San Diego, CA).

RESULTS

Patient demographics. A total of 26 right ventricular biopsies
(10 samples from female patients and 16 samples from male
patients) were obtained from newborn children 5 d (0.2 mo) to 10
mo of age undergoing surgical correction for either, VSD, HLHS,
AVSD, TOF, or RVOTO (Table 1). These samples were used to
assess age-dependent changes in the expression of MCD, as well

Figure 1. Regulation of fatty acid metabolism in the heart. ACC is inacti-
vated upon phosphorylation by P-AMPK. Active ACC catalyzes the carbox-
ylation of acetyl CoA to malonyl CoA, which inhibits the rate-limiting
enzyme in mitochondrial fatty acid uptake, CPT-1. MCD catalyzes the
decarboxylation of malonyl CoA to acetyl CoA, removing the inhibition of
CPT-1, (a) active form, (i) inactive form, (�) stimulates, (�) inhibits.

Figure 2. Normalized expression of MCD in right ventricular myocardial
tissue from infants 0.2–10 mo of age (n � 26) showing an age-dependant
increase in the expression of MCD (r � 0.42, p � 0.03). Inset shows
representative western immunoblots.
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as the age-dependent changes in the expression and phosphory-
lation of ACC and AMPK. All patients had some degree of
myocardial hypertrophy. Patients with RVOTO were generally
found to have severe hypertrophy (Table 1). A sub-group of
patients (n � 5 per group) of similar age (median age � 3.5 mo)
with either moderate or severe hypertrophy were chosen to
characterize the effects of myocardial hypertrophy on the expres-
sion of MCD, ACC, and AMPK (see below).
Age dependent changes in MCD expression. The effects of

age on the expression of cardiac MCD, the enzyme responsi-
ble for the decarboxylation of malonyl CoA to acetyl CoA
were first assessed. A significant (p � 0.03) age-dependant
increase in expression of MCD was observed (Fig. 2), imply-
ing that as the infant matures, an increase in the expression of
MCD likely decreases malonyl CoA content, and conse-
quently disinhibits CPT-1, resulting in permissive effects on
myocardial long-chain fatty acid oxidation. However, due to
limited sample availability the levels of malonyl CoA in
ventricular biopsies were not measured in this study.
Age-dependent changes in ACC expression and phosphor-

ylation. The effects of age on the expression of cardiac ACC
were next assessed. Although the heart expresses both a 265 kD
and 280 kD isoform of ACC, the 280 kD isoform predominates,
and we were unable to detect the 265 kD isoform by western
immunoblotting. There was a significant (p � 0.002), age-
dependant decrease in the expression of ACC (Fig. 3), implying

that as the heart matures, a decrease in ACC expression likely
decreases the synthesis of malonyl CoA. As ACC can be phos-
phorylated at serine-79 and inhibited by AMPK, we also mea-
sured the levels of P-ACC using a phospho-specific antibody.
There was no age-dependent change in the extent of ACC
phosphorylation. This indicates that the synthesis of malonyl
CoA and maturation of fatty acid oxidation is most likely regu-
lated by the extent of ACC expression, and not the state of ACC
phosphorylation in the newborn human heart.
Age-dependent changes in AMPK expression and phosphor-

ylation. To further investigate this, the effects of age on the
expression of AMPK were next assessed. There was a significant
(p � 0.04) age-dependent decrease in the expression AMPK
(Fig. 4). There was no age-dependent change in the extent of
AMPK phosphorylation (activation) as determined by normaliz-
ing P-AMPK to the total amount of AMPK detected in each
ventricular biopsy sample.
Effects of myocardial hypertrophy on the expression of

MCD, and the expression and phosphorylation of ACC and
AMPK. All ventricular biopsy samples in this study displayed
varying degrees of cardiac hypertrophy (Table 1). The limited
number of ventricular biopsy samples classified as clinically mild
(n � 1) and moderate-severe hypertrophy (n � 2) precludes any
statistical analysis of possible changes in the expression of MCD,
ACC and AMPK. As such the effects of hypertrophy on MCD,
ACC and AMPK expression were limited to ventricular biopsy

Figure 3. Normalized expression of ACC in right ventricular myocardial
tissue from infants 0.2–10 mo of age (n � 26) showing an age-dependant
decrease in the expression of ACC (r � �0.66, p � 0.002). Inset shows
representative western immunoblots.

Figure 4. Normalized expression of AMPK in right ventricular myocardial
tissue from infants 0.2–10 mo of age (n � 26) showing an age-dependant
decrease in the expression of AMPK (r � �0.41, p � 0.04). Inset shows
representative western immunoblots.

Table 1. Demographic data of patients included for the study of
the effects of age on the expression of MCD, and the expression

and phosphorylation of ACC and AMPK

Age
(mo)

Degree of
hypertrophy

RV wall
thickness (mm) Sex

Clinical
condition

5.5 Mild 3.7 F VSD
0.2 Moderate NA M HLHS
2.0 Moderate 4.1 M AVSD
3.0 Moderate 4.1 F AVSD
3.5 Moderate 4.6 M VSD
4.5 Moderate 4.3 M TOF
6.0 Moderate 5.2 F VSD
6.0 Moderate 4.6 F HLHS
9.0 Moderate 4.8 M RVOTO
3.5 Severe 4.7 M RVOTO
3.5 Severe 4.1 M RVOTO
3.7 Severe NA F RVOTO
4.0 Severe 4.3 M RVOTO
4.5 Severe 5.9 M RVOTO
5.0 Severe 4.2 F RVOTO
5.0 Severe NA F RVOTO
6.0 Severe 4.0 M TOF
6.0 Severe 5.2 M RVOTO
7.0 Severe NA M RVOTO
7.0 Severe 4.6 M RVOTO
7.0 Severe 4.9 M RVOTO
7.5 Severe 4.5 F RVOTO
9.0 Severe 4.6 F RVOTO
10.0 Severe NA M RVOTO
0.6 Moderate–Severe 4.9 M RVOTO
0.8 Moderate–Severe 4.8 F RVOTO

Myocardial hypertrophy was assessed and classified according to patient
age and lesion type as well as via echocardiographic analysis and categorized
as ranging from moderate to severe.
F, female; M, male.
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samples classified as either clinically moderate or severe hyper-
trophy. The expression of MCD, ACC, and AMPK was assessed
in two groups (n � 5 per group) in the 2–6 mo age range with
either clinically moderate or severe hypertrophy (Table 2). No
difference in the expression of MCD, ACC, or AMPK was
observed between moderate and severe hypertrophy. However,
there was a significant (p � 0.03) decrease in the ratio of
P-AMPK (active) to total-AMPK in patients with severe hyper-
trophy versus patients with moderate hypertrophy (Table 3).

DISCUSSION

This study investigated the effects of age and myocardial
hypertrophy on the expression of cardiac MCD, as well as
expression and phosphorylation of cardiac ACC and AMPK.
There was an age-dependent increase in the expression of MCD
in ventricular biopsy samples obtained from pediatric patients
ranging from 0.2 to 10 mo of age. In contrast, there was an
age-dependent decrease in the expression of ACC and AMPK
without any age-dependent effects on the phosphorylation of
either enzyme in the newborn human heart. There was no effect
of hypertrophy (severe hypertrophy versus moderate hypertro-
phy) with regards to the expression of MCD, or the expression
and phosphorylation of ACC. Although there was no difference

in the expression of AMPK between severe and moderate hyper-
trophy, the phosphorylation of AMPK was reduced in the setting
of severe hypertrophy. These data suggest that alterations in the
expression of MCD, ACC, and AMPK likely underlie changes in
malonyl CoA content (not assessed in this study), particularly as
it relates to the maturation of fatty acid oxidation in the newborn
human heart as it ages. Furthermore, these data suggest that
alterations in AMPK phosphorylation (hence activation), but not
AMPK expression may account for differences in the extent of
maturation of fatty acid oxidation observed in differing degrees of
myocardial hypertrophy in the newborn human heart.
Examination of MCD expression revealed an age dependent

increase after birth. This increased expression likely regulates
the maturation of fatty acid oxidation, as the increase in MCD
content may increase the degradation of malonyl CoA and
thus disinhibit CPT 1, the rate-limiting enzyme of mitochon-
drial fatty acid oxidation. This is supported by previous
findings in the newborn rabbit heart, where there is a dramatic
reduction in malonyl CoA content between 1 and 7 d of age
that coincides with a 10-fold increase in fatty acid oxidation.
MCD activity itself does not appear to change in the face of
differences in fatty acid delivery to the newborn heart (27).
Although we were unable to determine MCD activity in
ventricular biopsies due to the limited nature of the samples,
previous studies have demonstrated that MCD activity increases
as the newborn heart increases in age (11). Although that study
did not assess MCD expression (11), it does lend support the
possible importance of changes in MCD expression underlying
changes in MCD activity to thus regulate malonyl CoA content
and the maturation of fatty acid oxidation in the newborn heart.
In contrast to MCD expression, there was an age-dependent

decrease in the expression of ACC. Changes in ACC activity
have been demonstrated to contribute to the maturation of
fatty acid oxidation in hearts obtained from both newborn
rabbits (1 and 7 d of age) (9,17,28), as well as hearts obtained
from newborn pigs (14 d of age) (9,17,28). As we did not
observe any age-dependent alteration in the phosphorylation
of ACC (indicative of ACC inhibition), the data in this study
suggests that in the newborn human heart the synthesis of
malonyl CoA and maturation of fatty acid oxidation is not
regulated by ACC activity, but is rather regulated by the extent
of ACC expression. Examination of AMPK revealed an age-
dependent decrease in expression, without any age-dependent
effect on phosphorylation (thus, activation) in the newborn hu-
man heart. Although this result contrasts with previous findings
(19), in which AMPK expression increases during the course of
maturation of fatty acid oxidation in hearts from newborn rabbits
(1 and 7 d of age), it is consistent with the lack of an age-
dependent effect on ACC phosphorylation observed in this study.
As AMPK contributes to the acute and rapid regulation of ACC
activity via reversible phosphorylation and inhibition, these re-
sults further support that after birth the regulation of malonyl
CoA content as it pertains to the maturation of fatty acid oxida-
tion in newborn human heart is accomplished via expressional
changes in both MCD and ACC.
The expression of MCD, ACC, and AMPK in a select group

of patients of similar age revealed no differences between mod-
erate and severe hypertrophy. Hypertrophy was categorized ac-

Table 2. Demographic data of patients with moderate and severe
myocardial hypertrophy selected for the assessment of the effects
of hypertrophy on the expression of MCD, and the expression and

phosphorylation of ACC and AMPK

Age (mo) Sex Clinical condition

Group A: moderate hypertrophy* 2.0 F AVSD
3.0 F AVSD
3.5 M VSD
4.5 M TOF
6.0 F HLHS

Group B: severe hypertrophy† 2.0 F RVOTO
3.5 M RVOTO
3.5 M RVOTO
4.0 M RVOTO
5.0 F RVOTO

Myocardial hypertrophy was assessed as described under the section
“Methods.” Values for age represent mean � SEM.
* F:M ratio: 3:2; age: 3.8 � 1.5 mo. (median age: 3.5 mo).
† F:M ratio: 2:3; age: 3.6 � 1.1 mo. (median age: 3.5 mo).

Table 3. Effects of myocardial hypertrophy on the expression of
MCD, and the expression and phosphorylation of ACC and AMPK

Enzyme
Moderate

hypertrophy
Severe

hypertrophy p

MCD 213.79 � 29.59 194.71 � 14.40 �0.99
ACC 162.56 � 4.43 161.33 � 3.64 0.69
P-ACC 159.90 � 11.43 154.63 � 4.45 0.69
P-ACC:ACC 0.99 � 0.09 0.96 � 0.03 �0.99
AMPK 119.55 � 5.64 129.81 � 6.21 0.31
P-AMPK 182.36 � 12.21 150.86 � 9.47 0.10
P-AMPK:AMPK 1.53 � 0.10 1.17 � 0.08 0.03*

The expression of MCD, ACC and AMPK (arbitrary density units) was
determined by densitometric analysis of western immunoblots of ventricular
biopsy samples from patients with moderate hypertrophy (n � 5) and patients
with severe hypertrophy (n � 5). Values represent means � SEM.
* Indicates significance at the p � 0.05 level estimated using a Mann-

Whitney U-test.
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cording to patient age and lesion type after ventricular biopsy, at
which point right ventricular wall thickness was not influenced
by in vivo cardiac hemodynamic and pressure parameters. Al-
though a previous report describes a delay in the maturation of
fatty acid oxidation in the hypertrophied newborn (up to 21 d of
age) pig heart due in part to maintenance of ACC activity and
decreased expression of the AMPK catalytic �-subunit (17), the
lack of available ventricular biopsy samples without any degree
of hypertrophy precluded such an assessment in the present
study. Interestingly, the expression and extent of AMPK phos-
phorylation did not differ between moderate and severe hyper-
trophy per se, however, there was a significant decease in P-
AMPK when normalized to the total amount of AMPK detected.
This may suggest that the degree of hypertrophy can influence
the phosphorylation and thus activation of AMPK. However, this
effect of hypertrophy must be interpreted with caution as this
difference, although statistically significant, may not be physio-
logically relevant as it arises due to nonsignificant changes in
both total and phosphorylated AMPK between moderate and
severe hypertrophy (Table 3).
Study limitations. Due to the nature of available ventricular

biopsy samples (i.e. right ventricle), we were limited to assessing
only the expression of MCD, ACC, and AMPK, as well as the
phosphorylation of ACC and AMPK in the newborn human
heart. Therefore, whether the expressional changes observed can
be extrapolated to the left ventricle, and as such, whether these
changes occur at the whole heart level remains unknown. Our
previous report examining the maturation of fatty acid oxidation
in the newborn pig heart (21 d of age) reveals that there is no
difference in the content of malonyl CoA, or the activities of
either ACC or AMPK in the setting of volume overload hyper-
trophy between the right and left ventricles (17). However, there
are currently no published reports characterizing possible differ-
ences in the regional expression of MCD, ACC, and AMPK
between the right and left ventricles, as such this issue remains to
be addressed. The limited quantity of available ventricular biopsy
samples also restricted this study to assessing only the expression
of MCD, ACC, and AMPK, as well as the phosphorylation of
ACC and AMPK in the newborn human heart. As such, we were
unable to directly characterize any age-dependent effects on the
activity of each enzyme. With regards to AMPK expression and
activity, there are two distinct catalytic �-subunits (�1 and �2).
Previous studies have demonstrated that hypertrophy differen-
tially affects the expression and activity of each catalytic subunit
(28). As the AMPK-� antibody used in this study does not dis-
criminate between�1 and�2 isoforms, it precludes insight regarding
expressional changes between the catalytic isoforms in the presence
of either moderate or severe hypertrophy. Furthermore, as all ven-
tricular biopsy samples in this study displayed some degree of
hypertrophy, there was no ideal “control” group for comparison.
In conclusion, this study has shown an age-dependent increase

in the expression of MCD, as well as an age dependent decrease
in the expression of ACC and AMPK in right ventricular
biopsy samples obtained from infants undergoing surgery to
correct various congenital heart defects. As there were no
age-dependent changes in the phosphorylation of ACC and
AMPK, it suggests the levels of expression, and not activity may

be important regulators of the maturation of fatty acid oxidation
in the newborn human heart in the presence of varying degrees of
hypertrophy.
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