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Summary

AMP-activated protein kinase (AMPK) plays a role in metabolic regulation under stress
conditions, and inadequate AMPK signaling may be also involved in aging process. The aim
was to find out whether AMPK a2-subunit deletion affects heart function and ischemic
tolerance of adult and aged mice. AMPK a2’ (KO) and wild type (WT) female mice were
compared at the age of 6 and 18 months. KO mice exhibited subtle myocardial AMPK a2-
subunit protein level, but no difference in AMPK al-subunit was detected between the
strains. Both al- and a2-subunits of AMPK and their phosphorylation decreased with
advanced age. Left ventricular fractional shortening was lower in KO than in WT mice of
both age groups and this difference was maintained after high-fat feeding. Infarct size induced
by global ischemia/reperfusion of isolated hearts was similar in both strains at 6 months of
age. Aged WT but not KO mice exhibited improved ischemic tolerance compared with the
younger group. High-fat feeding for 6 months during aging abolished the infarct size-
reduction in WT without affecting KO animals; nevertheless, the extent of injury remained
larger in KO mice. The results demonstrate that adverse effects of AMPK a2-subunit deletion
and high-fat feeding on heart function and myocardial ischemic tolerance in aged female mice

are not additive.
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1. Introduction

AMP-activated protein kinase (AMPK) is a heterotrimeric serine/threonine kinase
expressed in most mammalian tissues including myocardium. It acts as a cellular fuel gauge in
response to a depletion of ATP levels (Hardie 2003) and its activation is essential for the
control of whole body energy homeostasis during physiological and pathological stresses such
as exercise, pressure overload, nutritional deprivation, hypoxia or ischemia. Once activated,
AMPK phosphorylates a number of target proteins resulting in a stimulation of ATP-
producing processes and an inhibition of energy-consuming biosynthetic pathways. Increased
glucose uptake, glycogenolysis and glycolysis as well as increased fatty acid transport and
oxidation are the main acute metabolic actions of AMPK aiming at a restoration of cellular
energy balance (for review see Hardie and Carling 1997; Steinberg and Kemp 2009; Wang et
al. 2012; Zaha and Young 2012). In addition, AMPK inhibits protein synthesis, stimulates
protein degradation and promotes autophagy in line with its role in providing fuel during
energy deprivation (Zaha and Young 2012).

Rapid activation of AMPK during myocardial ischemia (Kudo et al. 1995; Folmes et
al. 2009) may help to preserve cardiac function and viability by stimulating glycolytic ATP
production. On the other hand, the AMPK-dependent stimulation of fatty acid oxidation at
reperfusion occurs at the expense of glucose oxidation with potentially harmful consequences
due to acidosis (Liu et al. 2002; Dyck and Lopaschuk 2006). Indeed, a number but not all
studies demonstrated beneficial effects of AMPK against various manifestations of acute
ischemia/reperfusion (I/R) injury (for review see Zaha and Young 2012) and this issue is still
a matter of debate.

Cardiovascular aging and senescence is associated with complex alterations at the

molecular level resulting in unfavorable myocardial biochemical and structural remodeling



and eventually in impaired cardiac contractility and pump function (Lakatta and Sollott 2002;
Ferrari et al. 2003). It has been repeatedly demonstrated that aged hearts are more susceptible
to I/R injury, and their endogenous protective mechanisms activated by various forms of pre-
and postconditioning are attenuated or lost (for review see Boengler et al. 2009). The cause is
obviously multifactorial and still poorly understood (Ashton et al. 2006).

AMPK controls various signaling pathways involved in the aging process (Salminen
and Kaarniranta 2012) and its chronic pharmacological activation has been proposed as a
strategy for delaying aging and extending the lifespan (McCarty 2004). Senescent mice
exhibited significant reduction in both AMPK a1 and a2 isoform activities in left ventricular
myocardium (Turdi et al. 2010) and the stimulation of AMPK a2 activity was blunted in
skeletal muscle of old rats (Reznick et al. 2007). It has been shown that AMPK deficiency
exacerbated cardiac contractile dysfunction in senescent mice (Turdi et al. 2010). In addition,
AMPK has been implicated in the mechanism of pronounced protective effect of caloric
restriction against myocardial I/R injury in aged mice (Edwards et al. 2010). On the other
hand, Gonzales at al. (2004) suggested that the age-associated decline in myocardial hypoxic
tolerance is caused by neither changes in AMPK activity nor blunted AMPK response to
hypoxia.

The purpose of the present study was to find out whether AMPK a.2-subunit deletion
would affect heart function and ischemic tolerance of adult and aged mice. As high circulation
levels of fatty acids can contribute to myocardial I/R injury (Lopaschuk et al. 2007) and
AMPK o2-subunit plays an important role in fatty acid uptake (Abbott et al. 2012) and
prevention of metabolic disorders induced by high-fat (HF) feeding (Fuijii et al. 2008), we also
assessed functional changes and the extent of I/R injury in hearts of mice fed HF diet for 6

months at advanced age. We hypothesized that deletion of AMPK a2-subunit, which is the

predominant AMPK a-subunit expressed in mice hearts (Li et al. 2006), will impair heart



function and ischemic tolerance of aged mice and these effects will be further exacerbated by

HF diet.

2. Methods

2.1. Experimental animals

6-month-old (adult) and 18-month-old (aged) whole-body AMPK a2-subunit knock-
out (KO) female mice backcrossed to C57BL/6J mice for more than nine generations (Viollet
et al. 2003; Jelenik et al. 2010) and their wild-type (WT) littermate controls were employed.
Mice were housed in a controlled environment (21°C; 12-h light-dark cycle) with free access
to water and standard chow diet (extruded Ssniff R/M-H diet; Ssniff Spezialdieten GmbH,
Soest, Germany). Some mice were randomly assigned to corn oil-based HF diet from 12" to
18™ month of age. Composition of the diets is given in Table 1 (for further details, see Kuda
et al. 2009). All mice were used in ad libitum fed state. The study was conducted in
accordance with the Guide for the Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH publication no. 85-23, revised 1996). The experimental
protocols were approved by the Animal Care and Use Committee of the Institute of

Physiology of the Czech Academy of Sciences.

2.2. Quantification of AMPK

Mice were killed by cervical dislocation, hearts were dissected and frozen in liquid

nitrogen. The heart lysates were prepared by homogenization in liquid nitrogen. The total

contents of catalytic al- and a2-subunit of AMPK and the phosphorylated form of AMPK



were determined by Western blotting as described previously (Kas et al. 2008; Matéjkova et

al. 2004).

2.3. Echocardiography

The echocardiographic evaluation of the geometrical and functional parameters of the
LV was performed using the GE Vivid 7 Dimension (GE Vingmed Ultrasound, Horten,
Norway) with a 12 MHz linear matrix probe M12L. The animals were anesthetized by the
inhalation of 2% isoflurane (Aerrane, Baxter SA) and their rectal temperature was maintained
within 36.5 and 37.5°C by a heated table throughout the measurements. For the baseline
evaluation, the following diastolic and systolic dimensions of the LV were measured: the
posterior wall thickness (PWTd and PWTs), anterior wall thickness (AWTd and AWTSs), and
the cavity diameter (LVDd and LVDs). From these dimensions, the main functional
parameter, fractional shortening (FS) was derived by the following formula: FS [%] = 100 X

(LVDd - LVDs) / LVDd.

2.4. Isolated perfused hearts

Animals were anesthetized with intraperitoneal injection of thiopental (VUAB
Pharma, Czech Republic). Hearts were rapidly excised and perfused according to Langendorff
under constant pressure of 80 mm Hg with non-recirculating modified Krebs-Henseleit
solution (mmol/Il: 118.0 NaCl, 25.0 NaHCOs3, 4.7 KCI, 1.2 MgSQy, 1.2 KH,PO,, 2.5 CaCly,
0.5 EDTA, 11.0 glucose) gassed with 95% O, and 5% CO, (pH 7.4) and maintained at 37°C.

Coronary flow was measured by timed collection of coronary effluent and normalized to heart



weight. After 20 min of stabilization, the spontaneously beating hearts were subjected to 45

min of global no-flow normothermic ischemia and 60 min of reperfusion.

2.5. Infarct size determination

A 2 ml bolus of 1% 2,3,5 triphenyltetrazolium chloride (TTC) was injected through
the aorta followed by incubation of the heart in TTC for 20 min at 25°C and fixation
overnight in 10% neutral formaldehyde solution. After the right ventricle (RV) separation, the
left ventricle (LV including the septum) was cut perpendicularly to the long axis into 0.5 mm
thick slices. The infarct size (TTC-negative) and the size of the LV were determined from
photographs by a computerized planimetric method using the software Ellipse (ViDiTo,

Slovakia). The infarct size was normalized to the size of the LV.

2.6. Statistical analysis

Analyses were performed using GraphPad Prism software (version 2005; Graph Pad Inc., San

Diego, CA). A two-way ANOVA (with genotype and experimental conditions as categories)

was carried out to determine significant interactions, followed by a Tukey’s post-hoc

multiple-comparisons test to examine differences between groups. All values are expressed as

means = SEM with p < 0.05 considered as statistically significant.

3. Results

3.1. Basic characteristics



Body weight was significantly higher in aged mice than in adult ones and it was
further increased by HF diet-feeding without any effect of the genotype. Heart weight was
also higher in mice kept on HF diet and the increase was more pronounced in the KO group.
However, no difference among groups was observed in relative heart weight. Aging was
associated with a significant decrease in hematocrit level regardless the genotype or diet

(Table 2).

3.2. Protein expression and phosphorylation of AMPK

Western blot analysis of AMPK in the hearts from standard diet-fed mice (Fig. 1A)
revealed age-dependent decrease in the levels of both al-subunit (Fig. 1B) and a2-subunit
(Fig. 1C). Whereas the level of AMPK al-subunit was comparable to that of WT mice (Fig.
1B), a negligible amount of the a2-subunit was present in the KO mice, independent of age
(Fig. 1C). Phosphorylated AMPK levels were markedly reduced in KO compared with WT

mice and they were also decreased during aging in both genotypes (Fig. 1D).

3.3. Heart function

Echocardiography was used to assess effects of age, diet and AMPK deletion in
separate groups of mice. LVDs significantly increased in response to AMPK deletion in all
groups. Both LVDd and LVDs were significantly larger in the HF diet-fed as compared with
the standard diet-fed aged mice, but this effect reached statistical significance only in the KO
animals. Wall thickness measurements did not show any significant differences among
groups, except for a slight decrease in PWTs in aged KO compared to WT mice fed standard

diet (Table 3).



FS was lower in all groups of KO mice compared to corresponding WT mice and it
was not significantly affected by aging. Feeding HF diet decreased this index of LV systolic
function in WT animals without having a significant effect in KO mice, despite the fact that 3
animals out of 13 in this later group exhibited a marked drop of FS to around 20%. Only a
combination of aging and HF diet resulted in a significantly (p = 0.047) decreased FS in KO

mice (Fig. 2).

3.4. Coronary flow and infarct size

Baseline preischemic coronary flow normalized to heart weight was comparable
among groups regardless the age, diet or genotype, except for slightly but significantly higher
values in aged WT hearts compared to adult ones. Coronary flow at the end of reperfusion
was lower compared with preischemic values in all groups, but the difference was least
pronounced in the aged WT group. AMPK a2-subunit deletion negatively affected the flow
recovery in both age groups kept at standard diet. The HF diet-feeding tended to decrease the
flow at reperfusion, but this effect reached statistical significance in the WT hearts only
(Table 4).

Infarct size was similar in both strains at the age of 6 months. Surprisingly, aging
resulted in a significant infarct size-sparing effect in WT mice that was absent in animals with
AMPK a2-subunit deletion. The HF diet abolished the age-associated improvement of
myocardial ischemic tolerance in WT mice without significantly affecting KO mice.
Nevertheless, the extent of injury was larger in the later group compared to WT animals (Fig.

3).

4. Discussion



The results of the present study provide further evidence for the important role of
AMPK a2-subunit in the regulation of processes associated with heart aging. Aged female
mice exhibited decreased myocardial levels of both AMPK al- and a.2-subunits and AMPK
phosphorylation compared with adult littermates, the later effect being more pronounced in
KO animals. The major finding is that AMPK o2-subunit deletion and HF feeding
significantly impaired both cardiac contractile function and tolerance to acute I/R injury in
aged mice, but the negative effects of these two interventions were not additive to each other.

An increasing evidence suggests that AMPK activity can slow down aging process
and extend the lifespan. AMPK is involved in a complex network of signaling pathways that
control a number of cellular events helping to maintain energy balance under various stress
conditions and the loss of AMPK responsiveness may contribute to age-related metabolic
disturbances (Salminen and Kaarniranta 2012). However, reports concerning changes of
AMPK expression and activity during aging and senescence are rather controversial. For
example, Reznick et al. (2007) observed the loss of AMPK activation in skeletal muscle by
AICAR or exercise in aged rats without any change in the expression of AMPK al- and a.2-
subunits. Similarly, aging impaired phosphorylation of AMPK a-subunit in rat skeletal
muscle but not the expression of either al- or a.2-subunits (Qiang et al. 2007). In contrast, an
increased AMPK activity with aging was observed in cultured human fibroblasts (Wang et al.
2003). Whereas the basal activity of AMPK al-, but not a2-subunit, was higher in livers
from old mice compared to young animals, hypoxia-induced activation was blunted with
aging (Mulligan et al. 2005). Concerning the heart, neither basal activity of AMPK «al- and
o2-subunit, nor its stimulation by AMP was afected by age in mice (Gonzales et al. 2004),
and no effect of aging on AMPK phosphorylation was found in human atrial tissue (Niemann

et al. 2013). On the other hand, recent reports showed that aging or senescence did not affect
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murine myocardial AMPK expression, but it decreased its phosphorylation and activity as
well as the specific activities of both AMPK al- and AMPK oa2-subunits (Turdi et al. 2010;
Aurich et al. 2013). In the presents study, we found significant decreases in protein levels of
both a-subunit isoforms and phosphorylated AMPK indicating its reduced basal activity in
the hearts of aged mice that was futher attenuated in animals with a2-subunit deletion.
Although the reason for these differences is unclear, our data are in line with the view that
AMPK function is likely compromised in aged hearts.

Despite the fact that AMPK is highly expressed in the myocardium, its role in the
pathogenesis of heart dysfunction associated with aging has not been fully understood. Our
echocardiographic data clearly show that the left ventricular systolic function in both adult
and aged KO mice was lower compared to WT animals as indicated by a decreased fractional
shortening. This observation is in agreement with the study of Turdi et al. (2010), who
demonstrated that the impairment of calcium handling and contractility of myocytes isolated
from aged murine hearts was more pronounced in transgenic animals overexpressing a
dominant negative AMPK a2 subunit (kinase dead). Moreover, aging-induced contractile
defects were attenuated by treatment with the AMPK activator metformin. These data suggest
that AMPK deficiency may contribute to age-induced cardiac dysfunction. It likely involves
oxidative stress, impaired intracellular calcium handling and disrupted mitochondrial function
(Turdi et al. 2010), but the complex mechanism remains to be elucidated.

The majority of studies that investigated an impact of aging on intrinsic cardiac
tolerance to I/R injury demonstrated its impairment with advanced age, possibly as a
consequence of enhanced oxidative stress (for review see Boengler et al. 2009). Our
observation of a reduced infarct size in female WT mice aged 18 months compared to their
younger littermates can be, therefore, considered rather surprising. However, available

evidence shows not only that aging is not always associated with exacerbated I/R injury
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(Azhar et al. 1999; Peart et al. 2007) but also that myocardial ischemic tolerance can improve
with aging or senescence. For instance, several studies demonstrated infarct size reduction in
aged rats (Sniecinski and Liu 2004), mice (Gould et al. 2002; Boengler et al. 2007; Przyklenk
et al. 2008) or guinea-pigs (Rhodes et al. 2012). These discrepancies may be, in part, due to
marked differences in the age of animals used in various studies often regardless their sex.
Our preliminary observation that the infarct size reduction is absent in 18-month-old male
mice (Slamova at al. 2012) points to an important role of sex. Interestingly, Willems et al.
(2005) reported biphasic changes in the extent of myocardial injury caused by I/R in mice that
suggest a decreasing tolerance with aging and increasing tolerance with senescence; the
developmental profile of these changes differed between males and females. It seems,
therefore, that a certain sex-related window may exist during the aging process when intrinsic
protective mechanisms are more active allowing the heart to better survive acute I/R insult
than at younger stages. It has been proposed that aging-associated cardioprotection may be
linked to an attenuation of mitochondrial calcium overload (Rhodes et al. 2012) but the
underlying mechanism is unknown at present. Although in the present study the AMPK 02-
subunit deletion did not significantly worsen the extent of myocardial injury in young
animals, the absence of infarct-sparing effect of aging in KO mice suggests that the AMPK
pathway plays a role in this phenomenon.

Consistent with the view that high intake of fatty acids may cause cardiac lipotoxicity
(Lopaschuk et al. 2007), here we show that feeding WT mice with HF diet for 6 months
during aging decreased LV fractional shortening and impaired ischemic tolerance compared
to their age-matched littermates fed standard diet. These results support a number of the
previous reports indicating HF diet-induced cardiac contractile dysfunction (Ouwens et al.
2005; Relling et al. 2006; Turdi et al. 2011; Guo et al. 2013) and exacerbation of I/R injury by

increased levels of fatty acids (Lopaschuk et al. 2007; Thakker et al. 2008). However, it
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should be mentioned that other reports failed to demonstrate cardiac lipotoxicity and
dysfunction following long term exposure to HF diet (Nascimento et al. 2011; Brainard et al.
2013) and this issue remains controversial. Besides the source of diet, the age of animals
likely plays a role due to the inability of old myocytes to adapt to high fatty acid load (Aurich
et al. 2013). In the present study, switch to HF diet took place at the age of 12 months when
reproductive function of female C57BL/6J starts to cease (Felicio et al. 1984) in association
with neuroendocrine and hormonal changes that may also influence effects of the diet.

It has been shown that AMPK a2-subunit activity is important in the regulation of
fatty acid uptake in HF diet-fed mice (Abbott et al. 2012). A limitation of our work is that we
could not measure AMPK subunits activity in aged mice fed HF diet. However, earlier studies
have demonstrated that HF diet decreases myocardial AMPK phosphorylation status and
activity (Guo et al. 2013; Lindholm et al. 2013), these effects being more pronounced with
advanced age (Aurich et al. 2013). In addition, AMPK o2-subunit deficiency exaggerates
insulin resistance (Fujii et al. 2008), cardiac contractile dysfunction and impaired intracellular
calcium handling (Turdi et al. 2011) induced by HF diet-feeding in middle age mice. In our
experiments, the LV systolic dysfunction and ischemic intolerance in mice on HF diet was
more pronounced in KO compared to WT group. However, these unfavourable effects of the
HF diet did not reach statistical significance on the background of AMPK a2-subunit deletion.
The reason for the absence of additive effects of HF diet and AMPK deficiency is unclear, but
it can be related to the fact that both heart function and ischemic tolerance of aged KO mice
fed standard diet were already compromised compared to WT animals, whereas any notable
effect of AMPK deficiency itself was not observed in the study of Turdi et al. (2011) on
younger mice. Alternatively, the defect in AMPK function may be apparent only under the
conditions promoting lipogenesis, i.e. in the animals fed standard diet when activation of

AMPK can increase fatty acid oxidation to preserve intracellular energy status, whereas
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AMPK inactivation likely remains silent when lipogenesis is heavily suppressed in response
to HF diet-feeding. Our previous results on the functional significance of AMPK in the liver

support the later possibility (Jelenik et al. 2010).

5. Conclusions

Here we demonstrate that aging resulted in significant AMPK downregulation and
improved ischemic tolerance of female murine hearts. Global genetic ablation of AMPK a2-
subunit or long-term feeding HF diet similarly resulted in cardiac dysfunction and abolished
the anti-ischemic protection. However, the effects of AMPK o2-subunit deletion were not
further potentiated by HF diet. Our findings support the view that AMPK activity plays a role
in normal heart aging, suggesting this kinase as a potential target for cardioprotective

interventions.
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Table 1
Macronutrient composition and energy content of diets and fatty acid coposition of dietary

lipids.

Standard High-fat

diet diet

Macronutrient composition (% diet, wt/wt)

Lipid 3.4 35.2

Carbohydrate 55.3 35.4

Protein 19.3 20.5
Energy density (kJ/g) 16.3 22.8
Fatty acid composition (g/100g)

SFA 18.4 22.1

MUFA 17.8 28.5

n-6 PUFA 57.9 47.7

n-3 PUFA 6.0 1.8

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty

acids.
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Table 2

Weight parameters and hematocrit in adult and aged AMPK a2” and wild-type mice fed

standard or high-fat diet.

n BW () HW (mg) HW/BW (mg/g) Hematocrit (%)
Adult WT 8 213 +0.6 100.6 +3.6 4.741+0.143 472+0.7
AdultKO 11 214 +04 97.7 £3.6 4583+0.173  46.6+0.7
Aged WT 11 244 +0.7° 1032 +9.8  4375+0.310 404+0.8"
Aged KO 14 246 +03" 1079 +3.6  4.393+0.128 40.7+0.9 "

Aged WT HF 11

Aged KO HF 11

333 £1.7 7 1385 £527 4291+0324 423+14°

351 +25°F

1623 +4.0 % 437140355 404+18"

BW, body weight; HW, heart weight; HW/BW, relative heart weight; KO, AMPK «2”" mice;

WT, wild-type mice; HF, high-fat diet; n, number of animals. VValues are means + SEM; " p <

0.05 vs. adult; " p < 0.05 vs. standard diet; * p < 0.05 vs. WT.
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Table 3

Heart rate and echocardiographic parameters of adult and aged AMPK o2~ and wild-type mice fed standard or high-fat diet.

n  HR (beat/min) LVDd (mm) LVDs(mm) AWTd (mm) PWTd (mm) AWTs (mm) PWTs (mm)
Adult WT 7 508+ 12 340+04  1.98+0.06 0.75+0.04 0.71+0.03 1.15+0.04 1.17+0.04
AdultKO 10 516+8 3.67+0.06 242+005% 0.73+0.01 0.70+0.02 1.12+0.02 1.11+0.03
Aged WT 10 539+9 3.42+0.08 204008 0.74+0.02 0.75+0.02 1.18£0.02 1.19+0.03
Aged KO 15 561 +38 3.66+0.07 248+0.07% 0.73+0.02 0.73+0.03 114+0.02 1.12+0.02*
Aged WT HF 10 525+ 14 3.74+0.04 245+0.06 0.79+0.03 0.80+0.02 1.19+0.02 1.18+0.03
Aged KOHF 13 542+10 408+0.107% 290+0.147* 0.78+0.02 0.81+0.03 1.16+0.02 1.15+0.03

KO, AMPK o2 mice; WT, wild-type mice; HF, high-fat diet; HR, heart rate; LVDd, diastolic cavity diameter; LVDs, systolic cavity diameter;

AWTd, diastolic anterior wall thickness; PWTd, diastolic posterior wall thickness; AWTS, systolic anterior wall thickness; PWTs, systolic

posterior wall thickness; n, number of animals. Values are means + SEM; T p < 0.05 vs. standard diet; * p < 0.05 vs. WT.
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Table 4

Coronary flow before ischemia and at the end of reperfusion in isolated perfused hearts of

adult and aged AMPK a2 and wild-type mice fed standard or high-fat diet.

Coronary flow (ml/g/min)

n  Preischemic Reperfusion
Adult WT 8 133+1.0 102+0.6
Adult KO 11 132+0.6 8.1+0.5°%
Aged WT 11 178+137 16.1+13"
Aged KO 14 152+04 101+097F
Aged WT HF 11 15.0+16 88+097
Aged KO HF 11 133+09 85+1.4

KO, AMPK o2”" mice; WT, wild-type mice; HF, high-fat diet; n, number of hearts. VValues are

means + SE; ~ p < 0.05 vs. adult; " p < 0.05 vs. standard diet; * p < 0.05 vs. WT.
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Legend to Figures

Figure 1

Representative blots (A) and myocardial protein levels of AMPK al-subunit (B), AMPK o2-
subunit (C) and phosphorylated AMPK (D) in adult and aged AMPK ¢2”" (KO) and wild-type
(WT) mice fed standard diet. Values are means = SEM; n =7 - 10 in each group; * p < 0.05

vs. adult; ¥ p < 0.05 vs. WT.

Figure 2
Left ventricular fractional shortening in adult and aged AMPK a2 (KO) and wild-type (WT)
mice fed standard or high-fat (HF) diet. Circles indicate individual experiments. Values are

means = SEM; n = 7 - 15 in each group; * p < 0.05 vs. WT.

Figure 3

Myocardial infarct size expressed as percentage of the left ventricle (LV) in adult and aged
AMPK o2” (KO) and wild-type (WT) mice fed standard or high-fat (HF) diet. Circles
indicate individual experiments. Values are means £ SEM; n = 11 - 16 in each group; * p <

0.05 vs. adult; " p < 0.05 vs. standard diet; * p < 0.05 vs. WT.
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