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Summary under the age of 50, with the pakence increasing to 43%
. o _for those 70 years or olderMonogenic disease conditions
1. Metabolic .remodellmg in the heart occurs inypich give lise to cardiac ypertroply independent of
response to chronically a_Iteredonhoad and substratg hypertension are well recognised (familiaypertrophic
availability. Recently the importance of the metaboliccargiomyopathies), but the considerable majority of
remodelling processes inherent in thgpértrophic grarth  pypertrophic states are not included within this group of
response (whether primary or secondary)veha®en genetic disorders. The Framingham studynsttbthat gen
recognised. amongst a human cohort free ofyadinically apparent

2. Altered energy demand, shifts in substratg,giojascular disease, left ventriculaggertroply aone
utilisation, and increased oxideti gress are obseed in was associated with a 50% increase in the caratioular

the hypertrophic heart. Both a shifta from carbolydrate sk over a four year follov up period? This relationship
usage (i.e. insulin resistance), and a shift to cai@ite ,ersisted wen dter accounting for the association of
usage (i.e. pressure loading) are associated with d'StU”?%ertropty with hypertension, obesity myocardial
cardiomyogte C&* homeostasis and the viopment of schaemia and valvular heart disease.
cardiac hypertroph _ In healtty populations there is considerablariation

3. A change in the balance of myocardial usage Gf |eft ventricular mass, for which there is novisus
fatty acid a}nd .glucose substrates must entail grege of haemodynamic »planation! This increase in mass is
cellular oxidatve dress. Increasedhrough-put of ap timately linked with a higher incidence of clinicaleats.
substrate will .necessanly anye a egonal |mpalance Population studies sho that anti-typertensie terapies
between reacte ocygen species (@S) production and aggociated with enhanced hypertrophigression achie
breakdown. - more fivaurable outcome$Experimental studies kia dso

4. In addition to a number of enzyme generators Qfemonstrated thatypertroply and hypertension may be
ROS at \arious intracellular locations, the heart alsqjssociated in polygenic disease models. In the rat
contains a number of endogenous antioxidants, to res”é‘ﬁalyses of genetic quantitatitait loci have cemonstrated

steady-state ROS Vels. The balance between OB ot  hpertensie and  hypertrophic  phenotypes are
generation and their elimination by endogenous antioxidag§tiermined by separate gefles.

mechanisms plays a critical role in preserving cardiac Hypertroply, in the context of ypertension, is
function; inappropriate iels of myocardial ROS ligly ,syally interpreted primarily as an adaptiesponse in an
precipitate impairment of myocardial function andfort to normalise mechanical wall stress. More recently
abnormalities in cardiac structure. _ the importance of the metabolic remodelling processes
5. While different metabolic adaptations arejpnerent in the hypertrophic growth response (whether
associated with ypertrophic responses of contrastingprimary or secondary) has been recogniséitered enegy
aetiology there is accumulatingvielence that the joint gemand, shifts in substrate utilisation, and increased
insults of increased production of ROS and disturbett Cayxidative dress are obseed in the hypertrophic heart.
handling in the cardiomyocyte comprise the primary lesioRyhere endocrinological disturbances (such as insulin
These molecular signals operate together in a feedafdw registance) induce alterations in substratlability, the
mode, and hae the capacity to inflict substantial functionalgyient to which metabolic remodelling in the hearwvesi
and structural damage on the hypertrophic myocardium. e hypertrophic process is not yet cleancreased
production of reactie axygen species (ROS) and disturbed
C&* handling are both implicated as causatirolecular
signals mediating the link between altered substrate
Cardiac lypertroply, to a geater extent than utilization and hypertrophic growth responses.
hypertension, is a major independent risk factor predicti
of cardiovascular mortality and morbiditySecondary only
to age, fpertroply is associated with increased occurrence The heart is a ‘promiscuous’ substrate consumer —
of detrimental cardiescular incidents indicae o hat is, opportunistic depending on the types of substrate
structural, electrical, metabolic and mechanical dysfunctiqfat are wailable. The myocardial utilisation of ermgr

at the leel of the cardiomyogte. Left ventricular goyrces, approximately 30% glucose and 65%y facids,
hypertroply exists in about 10% of the general populationefiects usual circulating substratevels. Normally the

Introduction - cardiac hypertrophy and metabolic
remodelling

Altered energy demands of the hypertrophic heart
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myocardium produces ver 90% of its ATP by In pressure-loaded ypertroply, the nature of the
mitochondrial oxidatie metabolism (fatty acig@-oxidation mechanical and G&handling deficits vary depending on
and glucose-dered pyruvate oxidationvia the citric acid the model/aetiologybut some common elements can be
cycle) and 10% by anaerobic glycoly8is. identified (see dble 1). Basal cardiomyocyte contractile

In the early stages of ddopment, the usage of function is depressed in the young SHERind there is
carbolydrate substrates by the heart is more m@dyland reduced capacity to modulate contraction size in response
glycolysis plays a more important role in servicing théo altered pacing rafé. In contrast, basal contractile
cardiomyogte energy needs. Metabolic remodelling in théunction is not diminished in myocytes from animals with
mature heart occurs in response to chronically alteregrtic coarctation or chronic angiotensin Il treatmiénif.
workload and substratevalability. In the aortic banded Myocyte load stress often initiates a shift in gene
rat, where a pressure afterload is surgically imposed, andeixpression to foetal patterns, such as tkpre&ssion of a
the genetic spontaneouslygdertensie rat (SHR) strain, slower myosin isoform (from V1 to V3) with Veer ATPase
increased cardiac work is associated with a shift tactivity. Howeve, such changes appear to be model- and
carbolydrate metabolisrf/ In pressure werload and in the species-dependent, and the enerdiciehcy/conservation
SHR, reliance on fatty acid metabolism is decreasedans by this isoform shift may be of minimal value in the
Although insulin-stimulated glucose up&akmy also be human myocardium where this isoform transition igddy
decreased, basal glucose uptakdevated 582 absent’

This shift in metabolic substrate reliance occurring in
load-induced Wpertroply is interpreted as an adami Table 1. Summary comparison of myocardial metabolic
response, consistent with a ‘foetal recapitulation’ ofeatues and cardiomyocyte €ahandling haracteristics
phenotype. Thereversion to ‘foetal’ phenotype is in insulin resistant/diabetic hearts and gssue loaded
considered to be a ‘programmed’ responseyipeitrophy hearts. Hypertrophic responses earassociated with
and has been more broadlydked to describe alterations contrasting metabolic and Ca handling adaptations (see
in cardiomyocyte C& handling and xcitation-contraction text for refeences). Symbols indicate alteratiomsative to
coupling!® Recently as the subtleties of arious respective controls |( decreased,t increased, = not
hypertrophic states kia bkeen more carefullyvaluated, this changed). Whee doservations conflict or @not consistent,
concept of foetal recapitulation is increasingly recognisettiese ag indicated by a solidus (/).
as an versimplified analysis.

There is gidence that the augmented glucose ugptak Cardiac Insulin resistant/ Pressure
associated with aortic banding produces an increase in th@ameter e loaded
rate of glycolysis that is proportionally greater than thedlucose uptak(asal) l !

. . . . . ._glucose uptai (insulin stim) 1 !
increase in glucose oxidation - so-called ‘glycolytic _
uncoupling’™® The adaptie avantage of this situation is 97<°% X !
pling™ p g ; . lycose oxidation 1 !
not apparent, and may not necessarily recapitulate the eailfy acid metabolism 1 L
developmental state. A more subtle understanding af ho giyta level I |
Ca* homeostasis is impacted by shifts in gygoroduction  glut1 level /= /=
and utilisation is beginning to emerge. SR Ca cycling/load ! 1
SR Ca ATPase L= 1
Hypertrophy induction and altered cardiomyocyte C&* contraction kinetics 1= 1=
handling: is there a link with shifts in substrate contraction amplitude L= V=
utilisation? Na-Ca exchange L= tl=

_ _ o Extracellular C& influx through the wltage
Cardiomyogte shortening and force+ generation ISyctivated channels (L-type) has beenwshdo be increased,
controllgd by t.he \ailability of freg ca o permit  gecreased and unchanged in various experimental middels.
contractile myofilament cross-bridge interaction.ifiitiate  £nnanced expression of a foetal typé'Gannel (Ttype)
contraction, voltage sensiti C2* channels gte the influx has been reported in some models ypertrophy® but in
of extracellular C& (primarily L-type, possibly some SHR, nett myogte C&" current density (L & T type
i 4 Sl .
contritution from Ftype). This Ca" directly actvates cpannels combined) is not increagedEvidence that
myofilaments and is the trigger to release gearflux of yaceliular SR yeling of C&* is altered in warious
Qa2+ from intracellular sarcoplasmic re'tlculum (SR) Storeﬁypertrophic conditions is relasly consistent. A number
via the SR release channels. The main meansve#ring ot models (but not all) shw sowed re-sequestration of
myoplasmic C#& to effect relaxation is through asti C&' into the SR by the SR @a ATPae during
pumping of C&" into the SR by the CaATPase. SOMe rg|axationt4 1521 There are conflicting datagading C&*
Ca*is also remmeq from t.he cell by the spdlum—cal_mum transfervia the sodium-calcium exchanger ipgertroply.22
exchanger generating an iavd current. Active exrusion In the normal myocardium, about 60% of cardiac
+
of Ca&" across the sarcolemma membrane angheny ependiture is directly used in powering the
mitochondrial upta& dso occurs, bt these mechanisms areqqniractile machinery with a relady large 15% allocated
of minimal quantitatie sgnificance in a normal contraction to the cyclic SR C% pumping®23 In cardiomyocytes there

cycle. is evidence to suggest that glycolysis is a preferential
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source of ATP for membrane associated pumps - found to be functionally impaired, the reports relating to
particular SR C&# ATPase?* Operation of the SR pump is contractile function and operation of the sodium-calcium
also kneovn to be particularly sensit o cellular ATP exchanger are less consistent.e Whave showvn that
levels. This ATPase requires 85-90% of the free gyeof cardiomyogtes of STZ-treated rats exhibit delayed timing
ATP hydrolysis per reactionycle and is allosterically of contraction parameters and alterec?*danetics. The
regulated by the cytosolic °/ADP ratio. SR CH extent to which this impacts function is frequgnc
pumping and recirculating may be especially vulnerable ttependent, and is most apparent when dynamic pacing
limiting sarcolemmal glucose transport. The ‘glycolyticprotocols are implementéf. In vitro studies of cultured
uncoupling’ obsered in pressure loadegertrophy! (see rodent cardiomyocytes confirm that exposure to high
above) may actually be an adap# pocess to protect extracellular glucose iels, simulating the yperglycaemia
supply for the SR pumg’dycolytic ATP needs. associated with insulin resistance, results in impaired

Although the cellular mechanisms which linkglucose uptake. Furthermore, these studigs Haown that
pressure-loaded ypertroply with ultimate contractile this impaired glucose uptek drectly impacts
failure are not clearimpaired C& homeostasis, altered cardiomyogte excitation contraction-coupling. Mygte
C&* channel expression, elted diastolic C# levels and glucose uptai reduction is correlated with reduced SR
depressed SR function are implicated in that pathdib&y Ca&*-ATPase actiity, diminished capacity to cycle &a
The transition from compensated to decompensatedck into the SR, and delayed relaxafibrRaticularly
hypertroply in the pressure-loaded situation may at leastompelling in demonstrating the link between glucose
partially depend on a critical rele¢i reduction in the uptale ad C&*' handling was the finding that
availability of glycolytically-derved ATP supplied to the cardiomyogtes isolated from the myopathic hearts of
SR C&" ATPase — this ipothesis has yet to be directlystreptozotocin treated rats retain abnormakcitation
evduated. contraction-coupling characteristias vitro.3? Whether the

o ) SR C&"-ATPase deficit can be directly attributed to a

Alter_ed substrate availability , Ca®* handling defects and glycolytic shortage of GLUT4-deréd ATP is yet to be
cardiac hypertrophy demonstrated.

In pressure-load inducedyjpertroply the substrate G| T4 deficiency is a sufficient stimulus to induce
usage shift to increased carlgdrate metabolism is hypertrophy

obsened in response to increased work demand. In
contrast, in the insulin-resistant heangpértrophic gravth To investigate the impact of reduced
is also frequently presentubin this situation is associated GLUT4-mediated glucose uptak se&eral animal models
with an impaired capacity to dedr carbotydrate substrate have teen produced in which GLUT4 expression is
to the cardiomyocyte. genetically suppressed. Global GLUT4 deletion (whole

Cardiac glucose uptekis nmediated by the glucose body) produces a marked cardiagpértroply (2.5 fold
transporters GLUT1 and GLUTZ GLUT1 is the increase in cardiac weight inde Coincident uprgulation
responsible for basal ‘housedping’ glucose uptake, while of GLUT1 in these mice presexd myocardial glucose
GLUT4-facilitated glucose uptakis increased by both uptale, albeit in the coni of marked systemic
insulin and ®ercise. Thereis evidence that in both endocrinologic disturbanc€3* In a cardiac-specific
hypertrophic states, demandadim and substrate-limited, GLUT4-'knockout’ model, a more modesypertroply has
reduced GLUT4 xpression plays a pathological role (sedoeen described, 1.3-1.4 fold cardiac weight xnelevation)
Table 1). with normal plasma glucose and insulindes 3°

Altered expression of cardiomyocyte GLUT Our own irvestigations of a neel genetic model in
transporters are observed in the hypertrophic myocardiumhich the cardiac &fcts of moderate and marked GLUT4
Experimentally the enhanced myocardial basal glucosdeletion can be examinedveapovided important insight
uptale induced by acute haemodynamic loading igto the relationship between GLUT4 expression and the
associated with an elgtion of the GLUT1/GLUT4 induction of cardiac ypertroply. In this model, where the
transporter ratio and diminished insulin stimulate@RE-LOX binary gene xcision system was used to create
uptake?”?® In the human, information about GLUT either a cardiac muscle specific ‘knockdown’ (15% wild
transporter epression in the compensategpbrtrophic type GLUT4 leel) or ‘knockout’ (<5% wild type
state is lacking, but in failure an increased GLUT1/GLUT&LUT4level), we demonstrated a ‘dose’ relationship
ratio has been reportéd. Streptozotocin (STZ)-induced between leel of GLUT4 expression and degree of cardiac
diabetic cardiomyopathin rodents is associated with ahypertrophy® (see Figure 1)Both the knockdown and the
50% reduction in GLUT4 mRA and protein gpression, knoclkout animals hae dmilar systemic conditions,
and a parallel impairment of glucose transport. including hyperinsulinaemia, ypeglycaemia (insulin-

Altered C&* handling is obserd in cardiomyogtes stimulated) and normal mean arterial blood pressure. W
of insulin resistant and diabetic hearts (see Table 1). Mdsund that gen when myocardial GLUT4 lels were
studies hee focussed on streptozotocin-induced models afignificantly reduced to just 15% of wild type, only a
hypertrophic cardiomyopayhwith a number of discrepant modest cardiac ypertroply was observed. When cardiac
findings reported. While the SR €auptale is mnsistently GLUT4 expression keels were reduced beloa ‘threshold’
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level of 5% of that seen in wild type animals, a dramatidRole of ROS in the induction of abnormal cardiac
hypertroply (85% increase in cardiac weight index) andjrowth

fibrosis was eident. This finding is consistent with the ) )

hypothesis that a presen component of GLUT4-mediated ROS haveemeged as causa gents in a number
glucose uptad is vital for normal myocardial growth and ©f pathological processes in the heart.viiied ROS are
function. The possibility that glycolytic support of the SRMPplicated in the deslopment of cardiac ypertroply,
Ca&*-ATPase relies on GLUT4-demd glucose is reperfusu_)n injury remodellmg_and h(_arclrtaﬂure?'8 Th(_ese
intriguing. Impaired CH-homeostasis with sustainedSPecies include the superoxide anion ,(}Ononradical
elevation of C&* levels is known to constitute a geth ~©Xidants such as hydrogen peroxide ,@) and
induction signal in the cardiomygie3” Our findings in the Peroxynitrite. (ONOQ), as well as the hydroxyl radical
knockdavn and knockut models provide strong support(*OH. primarily derved from *0Q,).3%%% Superoxide and _
for the contention that GLUT4 deficignbas a causate hydrogen peroxide are the most abundant of these species.

role in the induction of cardiac hypertroph Peroxynitrite and 5D, are formed een under normal
physiological conditions,via the reaction of superoxide

A GLUT4KD with nitric oxide (NOe) and the dismutation of superoxide
(by superoxide dismutase, SOD), respehti In sufficient

80 -1 ® cLutako concentrations, these ROS pose a risk of damage to cell
c membranes (phospholipids), proteins, lipids and ADN
Q w “ Evidence that ROS mediate thgpkrtrophic response has
© = 40 1 been demonstrated both in the intact héantivo and in
fr" g l‘ cardiac myogtesin vitro, whether in response to stretch or
A ‘A“‘ other hypertrophic stimuli such as angiotensin 1l or
% =~ 0 +——Mmp— r b endothelin-°43  This increase in ROS triggers
4 9 14 19 cardiomyogte expression of the proto-oncogents-one
of the first indicators of ypertroply.*14>ROS dso actvate
HW/BW (mg/g) members of the mitogen-adted protein kinase (MAPK)

family (ERK1/2, p38MAPK and JNK), protein kinase C,
Figure 1. GLUT4 expression levels in GLUT4 ‘knockout’  phosphatidyl inositol 3-kinase, B, and calcineurin,
and ‘knockdown’ mice (lox** and lox**/cre'") inversely ~ which are implicated in the hypertrophic respdfiéé We
related to cardiac weight index (CWI, mg/g). A threshold have recently demonstrated that the superoxidgraing
effect, whee 3% GLUT4 epression associated with 80% actions of tempol are associated with suppression of the
increase in CWI. (Adapted from Kaczmarczyk éfjal. cardiomyogte grawth response to angiotensin Il and
endothelin-1*? Taken together these observations suggest
Undoubtedly caution is required in comparin that hypertrophic stimuli, including both cardiac hormones

: ) ; : : : r mechanical stretch, result in increasedelle of
different aetiologies, and the contrasting endocrlnologlcgardiom ovte FOS. This increase triqoers awttion
milieux in the \ariousin vivo andin vitro model systems yoy ) 99

discussed abe reed to be taken into accoum.hypertrophlc signal transductiong@APK actwvation and

; . . . ... _induction of cfosg), ultimately leading to increased

e o e eeaares, oo s Eucomyogte proien_ syness, yperuophic gene
yp P €S IS app L (?E<pression and increased cardiomyocyte volume.

from carbolydrate usage (i.e. insulin resistance), and a shi

to carbohydrate usage (i.e. pressure loading) are associat@@cellular sites of ROS production
with disturbed cardiomyocyte €ahomeostasis and the
development of cardiac hypertroph ROS in the heart and vasculature are dedifrom a
The resolution of this anomalyvolves consideration number of intracellular enzymatic sources. These sources
of the subcellar metabolic adaptations which accompan include NADPH  oxidase, mitochondrial — oxidaé
shift in the enagetic gearing of the cardiac myde. A phosphorylation, nitric oxide synthase (NOS), xanthine
change in the balance of usage afityff acid and glucose oxidase, cyclooxygenase, cytochromg Rnd -oxidation
substrates must entail agiee of cellular oxidate gress. of fatty acids?®#448The sites of these enzymatic sources of
Increased through-put of wansubstrate will necessarily ROS within the cell is not heever restricted solely to the
involve a egonal imbalance between ROS production angytoplasm. At the cell membrane, NADPH oxidase
breakdevn. The role of elested levels of ROS as the catalyses the one electron reduction gft® produce *Q
central lesion in a ariety of hypertrophic phenotypes,using NADPH as the electron donom the in the
intimately linked with disturbed cardiomyge C&* cardiovascular system, this enzyme is continuouslyvacti
handling, requires elucidation. That these timeostatic & low leve even without stimulation}®#°but it is not knavn
signalling systems ka te capacity to feed fomvd Whether constituie ativity is different in normal and
together culminating in  progressi hypertrophic hypertrophic hearts. NADPH oxidase comprises &w

myocardial damage is of particular significance. sarcolemmal subunits, gp9% (or Nox2) and p22'*%, and
the gtosolic subunits p40°% pa7PhoX and p6PM°% On

stimulation, p47°* is phosphorylated, and theytosolic
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complex migrates to the cell membrane to interconnect wittmplications in the diabetic heart

the membrane subunits and the regulatory G protein Racl ) )
to become an asct ezyme, releasing «Q Noxl and As outlined abwe, the normal adult mammalian heart

Nox4 are homologues of gp¥® that can form an ac relies on a balanced combination afty acids and glucose
NADPH oxidase with the other suits in its placé®3? utilisation for mitochondrial energy production (generation
Whilst NADPH oxidase is predominantly gaded as a ©f ATP)*°* In diabetes hwever, the heart shifts its
sarcolemmal enzyme, there is somvidence of additional Substrate usage to rely almost entirely on fatty acid
subcellular localisation of both gp¥®* and p22"*in the oxidation to generate ATP and glucose utilisation is
vicinity of the endoplasmic/sarcoplasmic reticulffBoth ~ Severely limited (see @ble 1)>° Although this predominant
complx | (also known as ADH:ubiquinone reliance of the diabetic heart oattly acid oxidation does
oxidoreductase and ADH:coenzyme Q reductase) andProvide myocardial generation of TR this comes at
comple 111 (ubiquinol:cytochrome ¢ oxidoreductase) of the3|g_n|f|c_:ant cost, asafty acid omdaﬂ_on is less efficient than
mitochondrial electron transport chain generatg «® a ©Xidation of glucose by the mitochondffa.We have
by-product of energy (ATP) producti§fS! In certain recently demonstrated that in animal models of type 1
pathoplysiological settings (associated with insufficient Ldiabetes, eleted myocardial generation of superoxide is
aminine substrate and/or cadtors such as the pteridineConcomitant with molecular a”d_mOfPhO'OQ'Cﬂ'd@“C§ 507f
BH,), uncoupling of oxygen reduction and gmine Myocardial lypertroply and fibrosis (Figure 20
oxidation by NOS results in sDgeneration rather than Furthermor_e,_ both type 1 d|a_bet|c and insulin resistant
NO+24 |soforms of NOS include those found in theh€arts exhibit maed upregulation of gp91°* and Nox1

cytoplasm (eNOS, iNOS and nNOS) in addition to subunits of NADPH oxidase. Myocardial remodelling
mitochondrial isoform. mtNO&+52 (hypertroply, fibrosis) accompanies thi$>® Endogenous

B-oxidation of fatty acids by both mitochondria @ntioxidants are also downregulated in the diabetic Aart.

(short-medium length) and peroxisomes (long to very long,

containing 14-24 carbon chain lengths) also generdBs R Heart to body weight LV superoxide generation
At i 34 ratio (HW:BW) *

as a by-product of respiration, although the process in_ X 400

peroxisomes is relagly inefficient, generating little if an 2 *°| L (

metabolic fuel®53 In the peroxisomes, the first oxidation= 301

w
S
S

mg, % control)

step is catalysed by WlcCoA oxidase, and in this reaction 2 *°| —— o0

electrons are passed directly tg, @rming HO,. ATP is = *° s

not formed in peroxisomes (in contrast to mitochondria§ 241 > 1004 T

where acyl CoA dehydrogenase is employed) and the??] 2

enepy is dissipated®53 The predominant enzyme sources 2°° sham Dichetes 0 Sharm Diabetes

(and their subcellular localisation) of O in the
myocardium are at presentgeeded to comprise oxidat LV gene expression of B-myosin LV gene expression of atrial

phosphorylation (in the mitochondria), AMPH oxidase heavy chain (B-MHC) natriuretic peptide (ANP)
(cytoplasm) and uncoupled NOS (mitochondrial and - g | : 159 T
cytoplasm)3844 with a lesser contriltion from xanthine £ ( 12 (

oxidase and P450 cytochrome oxidase. Where a substrafe® |
usage shift by the heart results in increased peroxisoma |
B-oxidation, it is likely (but not fully resolved) that &£

increased peroxisomal ROS production may also be ogz—

cellular significance. oy y—T—\

In addition to a number of enzyme generators©SR O ham

at various intracellular locations, the heart also contamsggure 2. Induction of diabetes with streptozotocin is

number of epdoge_nou; antioxidants, to resfmct sFeady—st ciated with enhanced myocardial growth and con-
ROS levds, including isoforms of superoxide dismutasé->

(MnSOD, CuznSOD), catalase and glutathione peroxidascec?mltant upregulated ROS signalling.
Localisation of these antioxidants includes tlytoplasm
(CuznSOD, catalase, glutathione peroxidase), mitochondria  High levels of fatty acid B-oxidation, both by
(MnSOD, glutathione peroxidase) and peroxisomes (whighitochondria and peroxisomesviaeen implicated in the
contain catalase, MnSOD, CuzZnSOD and glutathionexidative gress evident in the diabetic he2friand indeed
peroxidasé*“853The balance betweer(FS generation and peroxisomal proliferation accompanies the acceleration of
their elimination by endogenous antioxidant mechanisnmeroxisomal fatty acid B-oxidation in the diabetic
plays a critical role in preserving cardiac functionmyocardiumf® An increase in steady statedks of ROS is
inappropriate leels of myocardial ®S likely precipitate an important, early manifestation of diabetes, and is
impairment of myocardial function and abnormalities irtonsidered to mediate manf the \ascular complications
cardiac structure (remodelling, fibrostéy4 of this common, debilitating disea®eWe have provided
interesting preliminary evidence (ak® that the cardiac
complications specific to the diabetic heart are aitaible

o ©
L L

ANP:18s (fold control)
w

0

Diabetes Sham Diabetes
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to increased steady-statedls of ROS®7581t is timely then Conclusion

to propose theypothesis that a switch in substrate usage _ )

(from a combination of glucose and fatty acids, to almost ~ Elevated ROS and defewt G#* handling are co-
exclusively fatty acids) such that the means by which theonspirators, inflicting both early and Iate_ stage damage on
heart generates energy is altered, leads toateld the substrate-challenged myocardium. Although

myocardial lgels of ROS and triggers myocardial gvth. hypertrophic responses of contrasting aetiology are
In support of this hypothesis, we vea cbsened that associated with different metabolic adaptations, there is

myocardial grath induced by a high fructose diet is@ccumulating evidence that the joint insults of increased
preceded by increased myocardial superoxide generatigipduction of ROS and disturbed Lehandling in the

(Delbridge and Ritchie, unpublished observations). cardiomyogte comprise the primary lesion.These
molecular signals operate together in a feed-forward mode,

ROS and altered C&* handling — a close relationship and hae the capacity to inflict substantial functional and

between cardiac gowth and myocardial function structural damage on the hypertrophic myocardium.
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