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Summary insulin resistancé.In humans, diets high in fat and refined
) _ ) ) sugar hare been associated with the occurrence of insulin
1. The prerdlence of insulin resistance has increaseghgjstancé:? Experimentally dietary interventions such as
dramatically in the past decade and is known t0 Wggh fat and/or high sugar vekeen utilised to iestigate
associated with cardiascular risk. Evidence of an insulin he induction of insulin resistané®!2 In some studies,
resistant cardiomyopath independent of pressure Ornese dietary interventionsvedlowed investigation of the
volume loading influences, is wemerging. cardiac phenotype associated with insulin resistance
2. Cardiac oxidatie dress is often obseed i jependent of the loading effects from hypertension or
coincident with insulin resistance, and there i§pegiry13.14 |nsulin resistance has also been studied in
accumulating evidence that reaetiocygen species BS)  gb/db and ob/ob mice (genetic models of obesity-induced

mediate deleteriousfetts in the insulin resistant heart. It istype Il diabetes) and in the glucose transporter 4 (GLUT4)
established that ROS-modification of signalling proteingnckout mousas-18

can adversely modulate cellular processes, leading t0 Tnhese studies ka keen informaiie in relation to
cardiac growth remodelling and dysfunction. Theharacterising the systemic effects of insulin resistance, and
mechanisms of ROS-induced damage in insulin resistafftention is nav focussed on deloping a more complete
cardiomyopatyt are yet to be fully elucidated. understanding of the insulin resistant myocardial

3. A number of diferent animal models k& keen  phenotype. Clinical studies suggest that the extent of insulin
used to study cardiac insulin resistance including higarsugesistance in the myocardium may be less dramatic than
dietary interventions, genetically modified diabetic miceyat observed in skeletal muscle and adipose tissue, based
and streptozotocin-induced diabetes. Mechanistic studigg ine comparatée reductions in glucose uptakhserved
manipulating  cardiac  antioxidant vils,  either i, these tissue¥:2® However, the myocardial metabolic
endogenously or exogenously in these modelsye hagemand is unrelenting, and glucose supply to support
demor_wstrateql a_role_forCR_S in the cardiac manifestationsgy.itation-contraction coupling (ECC) is highly insulin
associated with insulin resistance. _ _reliant. Restricted \ailability of glycolytic substrate

4. This review summarizes the cardiac specificagsociated with cardiac insulin resistance may confer

characteristics of insulin resistance, the features of Cardiﬁ‘&rticular cardiomyocyte functional vulnerabilitynpaired
metabolism rebleant to ROS generation and@5-mediated myocardial glucose uptekhas been shown to proke

cardiomyogte damage pathays. In vivo studies where a major  cardiomyocyte  metabolic and  structural
combination of genetic and \éronmental variables ke adaptationgl-22

been manipulated are considerethese studies pie This review focuses on describing the features of the
particular insights into the induction and suppression fsyjin resistant myocardium and the potential role fOSR
insulin resistant cardiomyopath in the induction of cardiomyopathin this setting. The

cardiac specific characteristics of insulin resistance are
detailed, and a discussion of cardiac oxigatiretabolism
The predence of insulin resistance has increase@nd ROS-mediated damage patlyw is presented. Finally
dramatically in the past decade and hasveached a mumber of in vivo studies where both genetic and
epidemic leels in mary countriest?2 Cardiovascular €rnvironmental variables are manipulated to demonstrate the
disease is known to be closely linked to insulin resistandgteraction of theseattors in the induction of insulin
and eidence of an insulin resistant cardiomyopatis resistant cardiomyopagtare considered.
emerging® A specific cardiac pathology has been identified. . o . .
in various animal models of insulin resistance and, in sor%é”dence for myocardial insulin resistance
cases, this has been d(_emo_nstrated to be i”depe”de”_bgfdiomyocyte metabolic dysgulation
pressure or volume loading influences. Numerous cardiac
pathologies hae keen linked with oxidatie gres$® and Excitation-contraction coupling is ackel by
there is accumulating evidence that resctikygen species calcium entering the mygte upon depolarisation which
(ROS) hae an important role in the delopment of insulin  triggers a larger amount of calcium to be released from the
resistant cardiomyopagif sarcoplasmic reticulum to initiate myofilament cross-bridge
Both genetic and environmentahctors contribte interaction and myagde contraction. Demand for the
independently and in combination to thevelepment of enegy intermediate AP, to upport ATPases imolved in

Introduction
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Figure 1. Altered cardiomyocyte metabolism and excitation-contraction coupling in the insulin resistant myocardium.
The predominant cardiac metabolic substrates gucose and fatty acids. In insuliesistancethe insulin receptor (IR)
stimulated PI3K/Akt mediated-GLUT4ftrslocation to the sarcolemma is imgalr Consequentlglucose uptag is sip-
pressed and theris a $ift away from glycolytic metabolism increasing reliancegeoxidation (3-oxid) of fatty acids for
enegy substrate — in particular to support myofilament cross lerifiiPase activity Decreased glycolytic AP may specif-
ically impair energy supply for the saplasmic reticulum (SR)TA&Rase (SERCAZ2). End-products from glycolysis and
B-oxidation feed into the tricarboxylic acid cycle (TCA) and electron transport chain (ETC), producing ATéleasing
free electrons whitcan form ROS in the mitochondria. Other smag of ROS @NADPH oxidase (Nox2 isoform) and per
oxisomal metabolismATP deprivation and ROSwerproduction impact calcium handling ando#ation-contaction cou-
pling, altering the e-uptale of @alcium into the SRia SERCA?2a in insulin resistant states (see text for further details).
RGOS influence on aainscriptional egulation is indicated, and includes hypertrophy induction. Insidsistance-conferred
up-regulation and down-ggulation are indicated by circled (+) and (=) filled symbols respectively.

cross-bridge ycling (force production) and electrochemical Glucose uptak is pedominantly mediatedia the
homeostasis (NaK* ATPase) is substantial and comprisesubiquitous glucose transporter GLUT1 (under basal
about two-thirds of the cardiomyyte ATP usagé® Under conditions) and by the insulin-stimulated GLUT4 (Figure
normal conditions, myocardial production ofTRA is 1). Glucose is an important substrate supporting both
predominantly fromB3-oxidation of ftty acids (60 - 90%). oxidatve ad non-oxidatte metabolism in the
The remaining 10 - 40% of &% production is sourced from cardiomyogte. In insulin resistant states, where glucose
glucose oxidatiod*?® It is well-established that " uptake via GLUT4 is impaired, glycolytic activity is
production from glucose is morefiefent thanp-oxidation limited.?233Type Il diabetic §b/db)mice exhibit decreased
of fatty acids, producing 40% moreTR per oxygen myocardial glucose oxidation and increasedtyf acid
molecule consumet?’ There is some evidence thatoxidation associated with reduced cardidicieingy in the
cardiomyogte calcium handling, and consequentlyisolated working heatf?? Type | diabetic streptozotocin
contractility, is highly-reliant on cytosolic glycolytic AP (STZ)-treated rats, in which glucose umalk imited by
production?® The sarcoplasmic reticulum calciunTRase low circulating insulin, exhibit mardly decreased
(SERCA2a) dnes the re-uptak of alcium into the myocardial glucose oxidatio:34In these STZ-treated rats,
sarcoplasmic reticulum, to ackiee relaxation (Figure 133 the insulin-sensitising agent, vanadyl, increased
This pump alone has been estimated to require 159 Bf Asarcolemmal GLUT4 \ailability and restored glucose
produced by the cardiomygte ?° Thus a small reduction in oxidation demonstrating that glucose uptakd oxidation
ATP availability to SERCA2a would be expected toveaa are closely linked?

marked impact on the remd of calcium from the Increased glycolysis is obsex in association with
cytoplasm, contribting to a prolonged relaxation phase angressure-gerload induction of cardiac yipertroply.2%:35
diastolic dysfunction. Indeed, impaired SERCA2a functioffhus, it could be »xpected that in insulin resistant hearts,
may play a direct causal role in diastolic dysfuncfiéti®®>  the switch way from glycolytic production of ATP might
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have a anti-hypertrophic effect. On the contrargnd unpublished data). Interestinglywo gudies hae shown
paradoxically increased cardiac gmth is a common that, despite deleterious systemic effects, the reperfusion
manifestation of insulin resistance. There is accumulatingjury following ischemia is less magk in fructose-fed
evidence that ROS play an important role in thiswgho rats#®4° The mechanism behind thisfegt is unclearlt is
response in insulin resistant hearts through induction of tpessible that chronic metabolic adaptations in insulin
proto-oncogenec-fos and stimulation of the mitogen- resistant cardiomyopathmay blunt the acute impact of

activated protein kinase (MAPK) signalling pathwai}sé ischemic insult. This could represent a form of pathology-
) _ ) conferred short-term cardioprotection, albeit in the odnte
Cardiac structural remodelling and dysfunction of a longer term functional demise. In non-insulin-resistant

In genetically-manipulated models  of insulinhearts’ the means by which acute ischemic preconditioning

resistance, cardiac structural remodelling is an eal unFs.theOS?xtent of reperfusmn. m;uryvohves R.)S
pathologic manifestation. Mice with cardiac-specifi .edlatlon?’ ' Takgn togethey these fmdmgs are consstgnt
deletion of the GLUT4 gene exhibit a substantial increa th .the (Erc])ntent|tc>hn tEat (BlB pIayf art1h|mporta}pt role. Itn ¢
in cardiac weight inderelative o controls, demonstrating S apmgd_ € Ppathophysiology 0 € Insulin resistan
that cardiac growth is pathological when cardionyyec myocardium.
glucose uptak is suppressed’ The cardiac ypertroply in  Reactive aygen species and cardiomyocytes
this model is associated with a marked deficit in contractile
performance at the whole hearvde'® Some models of Cardiac-specific oxidative metabolism
type Il diabetes hwever have not observed evidence of o ] )
cardiac lypertroply a the whole heart lesl. Despite a Exgess RS are implicated in a number of cardiac
2-fold increase in body weight, thb/db mouse does not Pathological process#s— yet ROS are also neccessary
exhibit alterations in heart weight releti © wild-type mediators of normal cellular functiéd.Myocardial FOS
littermates?238 A mismatch between body and heartvtio act as imp_ortant second messengers in signe_llling pathw
is apparent and oume loading from obesity does not!n healtly tissue, appropriate ROSvi#s are maintained by
induce global cardiac hypertroph this model. endogenous antioxidant systems which neutralise or
Studies where insulin resistance has been induced $§¥énge the ROS to minimise oxidati camage
dietary manipulation he reported inconsistent findings in Oxidative gress occurs when production 0DR is eleated
relation to cardiac growth. Recent studiesehebsened no and/or the leel of antioxidants is decreased and this
change in heart weight in fructose-fed rats and mice, withPglance is disturbed. _ _
duration of dietary inteention ranging from 2 to 8 The most common forms of@S in the myocardium
weeks®4l In contrast, Delboscet al., 2005 and @re superoxide ‘Q,), hydrogen pe[omde (30,),
Thirunavukkarasuet al., 2004 previously reported left Peroxynitrite (ONOO), and lydroxyl (OH"). Superoxide
ventricular typertroply after only 3 weeks of fructose IS p_roduced by.the one-electron reduc_t|on pf oxygen and is
feeding in Sprague Ddey and Wistar raté243Tissue mass @ Nghly reactve molecule. The rapid dismutation of
changes reflect the sum ofesfts on myocyte ypertroply, superomde_to j_fdrogen peroxide by superomde d.lsmutase
myogte loss and fibrotic infiltration. The releai (SOD) maintains the concentration in the picomolar
contritutions of each of thesadtors to tissue remodelling "@nomolar range> Unlike wiperoxide, HO, can freely
may not be easily inferred from gross tissue measur&£0Ss lipid membranes and is relaly more stable. D,
Whole heart measurements may not detect smaWtgro acts as an important signalling molecule and is maintained
alterations and measurements of cardiongg@dimensions N theé nanomolar range by catalase, an antioxidant that
may be a more informae index of growth in this setting. Metabolises LD, to form oxygen and ater®® Superoxide
Chesset al. investigated the déct of an 8 week high &S0 rapidly reacts with nitric oxide (NOto form
fructose dietary inteention superimposed on pressureperoxymtnte, an oxidant which is resp9n_3|ble for .|an|ct|ng
overload hypertroply using transverse aortic constrictionfurther structural damage through lipid peromdaﬁbn..
(TAC).* Fructose-fed sham mice shed no evidence of Thus, the capacity to produce and eliminate ROS in
altered heart gmeth, but fructose accentuated théCr Subcellular domains by strgie and sufficient enzyme

induced hypertrophobserved in control-fed animaté. localization allevs for relatvely short range and fefctive
Altered cardiomyocyte contractility and calciumCe!l signalling processes. Signallingeo-activation, and/or

handling has been observed imperimental models of Structural oxidatie camage, potentially occurs when
insulin  resistancé®#546 Calcium re-uptai& into the increased RS p_rodyctmn is not dealt with adequately by
sarcoplasmic reticulum a8 slowed in sucrose-fed rats€ndogenous antioxidant systems.

suggesting that the SERCA pump may be limited B¥y A
supply®! At the whole heart legl, in vivo echocardiography
measurements showed that a high sucrose diet decreased |n the cardiomyocyte, an important source @iRis
fractional  shortening and  ejection  fractin. the one-electron reduction of ,Oto superoxide by
Cardiomyogtes isolated from GLUT4-® mice ehibit nicotinamide adenine dinucleotide phosphateADRH)
reduced etent of shortening and reduced rates ofxidase, using NDPH as the electron don®t®® This
shortening and lengthening (Domenighetet al., enzyme is located in the sace membrane and makes a

Regulating ROS in the cardiomyocyte
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significant contribution to &S production, especially in and chronic oxidatie dress in cardiac insulin resistance.
chronic pathologic staté88° The heterodimeric structure Oxidative dress in the insulin resistant myocardium is
of NADPH oxidase comprises a catalytic solh, Nox, associated with lipid peroxidation of membrane-bound
which has 5 known isoforms (Nox1-5). These differ in theistructural components by@S such as peroxynitrité.’®
tissue distribution and kinetics of ROS formatf3§2Nox2 Membrane lipid peroxidation can adversely affect operation
is expressed in cardiomygtes®%4and is often upgulated of key ion transport systems, and modify membrane fluidity
in states of oxidate gress®’ Angiotensin Il is a potent in a manner which constrains membrane macromolecular
activator of NADPH oxidase in the heart and can play amobility.”®
important role in mediating oxidag dress in cardiac A role for ROS in mediating ypertrophic gravth
pathology?46° signalling has also been established. Exogenous oxidants
Mitochondria provide another significant source otan actiate mitogen-actiated protein kinase (MAPK)
cardiomyogte ROS — particularly in situations of acutepathways in vitro leading to promotion of cellular
stress. In the mitochondria, superoxide i from growth/”7° In cultured adult rat cardiomygtes, direct
electrons leaking from the electron transfer chain reactimgpplication of HO, has been shown to increase
with O,. This non-enzymatic reaction is kmo to occur phosphorylation of xracellular signal-regulated kinase
predominantly at Compke111.56 High concentrations of (ERK) 1/2, an effect which could be completely abolished
intra-mitochondrial SOD catalyse the formation oby application of a ROS seenger’® This study also
hydrogen peroxide from superoxide and maintaidemonstrated that ERK1/2 upregulaton induced by
superoxide at b concentrations within the mitochondfiz. a,-adrenoreceptor stimulation as attenuated by pre-
Following myocardial indirction, this source of ROS maytreatment with a ROS seanger or with NADPH oxidase
be involved in mitochondrial damage and dysfunctién. inhibitors. Similarly hypertrophic responses in neonatal rat
Other sources of ®S in the heart include cardiomyogtes are largely attributed to superoxfen
xanthine/xanthine oxidase, uncoupled nitric oxide synthaséyo administration of antioxidants has also beermshto
cyclooxygenase isoforms arfifoxidation of fatty acid§® affect the extent of myocardial guh in a number of
Peroxisomal production of J@, senes to detoxify cellular rodent models of induced cardiac hypertrypptf0.81
toxins and other peroxida# netabolism, but a small o o ) )
fraction can escape to participate in other oxwati Role_for oxidative gress in insulin resistant
reaction$® PeroxisomalB-oxidation of long chain dity ~cardiomyopathy
acids can also release electrons to form ROS (Figufe 1).
There is emerging evidence that this patinis uprgulated d

in insulin resistance, and may play a role in the induction ggnalling. High sugar dietary intervention studies in animal

i F 18
OX|dat|Meh$reEs. i tioxidant late int il models hge cemonstrated that myocardial and renal tissues
ROS n hea tryt_lssues, an |to>.<|_an S reau ate in rgc? Yabre more susceptible to damage YR due to impaired
cncentrations, maintaining a vie required. 11 o ninyidant  status  in - states  of systemic insulin
normal cellular signalling yet pventing excess RS

levati d oxidatie & E tiantioxidant resistancé*®? In fructose and sucrose-fed rats, the
clevdlion and oxidaue damage. Enzymat@ntioxidants - .qities of a range of antioxidant enzymes intricular
include superoxide dismutase, catalase, glutathio

id 4 thioredoxi quct N [ﬁgsue, (e. superoxide dismutase, catalase, glutathione
peroxidase, - an loredoxin - reductase. - Non-enzymayt yijase, and glutathione reductase) are significantly

antioxidants in the hear}1 include vitar_nins C A qnd E, the gduced, and increased lipid peroxidation is ole#%7483
are h(wev.er less poteri! T.he_glutathlone p(_:‘rOX'd.ase.""ndDeroscet al, 2005 demonstrated in Spraguevidey rats
thloredoxm.reductase antioxidant systems awehed in that production of ROS in the aorta, cardiomgtes and
the COnersion of HO, to 0.2 and H%O and are t_he polymorphonuclear cells was e#ed within 1 week of a
predominant rg.ulato.rs of mltocho_ndnal andytsolic 60% fructose dietary inteention, suggeste d fructose-
H,0, concentrations in the myocarditith. induced oxidatie gress*? However, this study vas not well
Mechanisms of oxidative dage controlled for diet composition (the high fructose dietsw
not specifically matched to the control diet for non-
There is accumulating evidence thakcessve carbolydrate components). Myocardial insulin resistance in
production of ROS perturbs cellular signalling padyes GLUT4-KO mice was obseed to be associated with
and interferes with calcium handling in cardiomytes. upregulation of NADPH oxidase subunit isoforms, Nox1
ROS can modify ley tiol groups of signalling and ion and Nox2¥” Interestingly NADPH oxidase-devied
transport proteins interfering with their normal functién. superoxide production as similar to controfé yet
The L-type calcium channel is subject to oxidation B peroxisomal metabolism was upregulated, potentially
and channel activity has been wimoto be regulated by elevating peroxisomal HO, production® These studies
antioxidant treatment:"2Key thiols on SERCA2a proteins suggest that an early increase @R generation may be
are also susceptible to oxidation aimdvivo antioxidant involved in the initiation and delopment of insulin
theray has been shen to restore SERCA2a function in resistance, and furthenestigation is warranted.
diabetic cardiomyoges’® These oxidatie reactions hee
important implications for calcium handling during acute

A number of studies va ught to directly link the
elopment of cardiac insulin resistance t@&mediated

30 Proceedings of the Australian Physiological Society (2@09)



K.M. Mellor, RH. Ritchie & L.M.D. Delbridge

Table 1. Summary of studiesinvestigating in vivo antioxidant modulation of insulin resistant cardiomyopathies.

Inter vention Antioxidant Insulin resistance induction Antioxidant modulation Ref
Akt Cardiac Contractile Calcium
signalling growth function handling

Metallothionein  High sucrose diet + - + + 33

Transgenic

overexpression Catalase High sucrose diet = ? + + 69

Streptozotocin + = + + 68
a-Lipoic acid High fructose diet ? - ? ? 66

Exogenous
administration Tempol GLUT4-KO ? - ? ? 27
High fructose + AC ? - ? ? 32

Abbreviations: GLUT4-K (glucose transporter 4 knockout mous&CT{transverse aortic constriction).

Symbols ‘+' (increase) and ‘-* (decrease) indicate the modulating effect of antioxidant influence on the induced insulin
resistant state.

Symbol ‘=" indicates no effect of antioxidant.

Symbol *?” indicates that no information igadlable (.e. measurement/experiment not undertaken).

Antioxidant manipulations and insulin resistant Transgenic mice fed a high sucrose diet for 12 weeks did
cardiomyopathy not ehibit reduced peak shortening or calcium transients

o o o evident in the sucrose-fed wildtype mice. Interestingly
In vivo investigations targeted to defining the role Ofoverexpression of catalase did not impeo insulin-

ROS in mediating cardiopathology in insulin resistant stateg;jmulated cardiomygte glucose upta®® These studies
have sed seeral different approaches combininggyemonstrate that antioxidants can rescue the contractile

contrasting paradigms  of - genetic andviemmmental gysfunction and signalling abnormalities associated with
manipulations (Table 1). Experimental stgis ivolving  ngylin resistance, providing further evidence 0OR
overexpression of cardiac antioxidants, or administration Qfolvement in insulin resistant cardiomyopgath

exogenous antioxidants, in the caxttef insulin resistance Administration of &ogenous o-lipoic acid, an

have identified mechanistic links between insulin resistancgntioxidant with glycolytic-enhancing propertiesasvused
and ROS in the heart. Studies utilisinge@xpression of {5 jnvestigate the interaction between antioxidants and
the cardiac antioxidants metallothionein and catalase ha.5rdiac  metabolic dysregulation in fructose-fed rats.
demonstrated that antioxidants play an essential role in t&-ﬁipoic acid treatment eleted myocardial free fatty acid
signalling and contractile dysregulation associated With 5 metabolic shift consistent with a switchwénds
insulin _reS'Sta”_CéG-’BL_‘ _ _ _ increased reliance ofi-oxidation of fatty acids. Protein
Tissue insulin  resistance is characterised Bypression of myocardial antioxidants, whicassmarkdly
downregulated actity of the insulin/IGF-1 signalling gepressed in fructose-fed ratsasvattenuated in part by
pathway involving ~diminished — stimulation  of  the o_jinoic acid*® These findings suggest a mechanistic link
phosphoinositide 3-kinase (PI3K). The protein kinase Alfatyeen glycolytic dysregulation and oxidatiress in the
(also termed PKB) is a downstream PI3K phosphorylatiofhntet of insulin resistance, ub further ivestigation is
tamget. Insulin-stimulated Akt phosphorylation leads tqequired to fully elucidate this interaction.
translocation of GLUT4 to the sarcolemma (Figure 1). In models of insulin resistance where cardiac

!nsulin resist_ance in th_e myocardium (and ir_l othe_r tissueﬁ}pertroply is gpparent, antioxidant inteewtion studies
is characterised by impaired PI3K/Akt signalling ang,ze een informatie in relation to the link between
GLUT4 translocatior¥* Depressed insulin-stimulated Akt ~ardiac growth and ®S in insulin resistant states.
phosphorylation observed in STZ and sucrose-diet induceq yT4.KO mice exhibit 61% increase in cardiac weight
cardiomyopathies can be offset by transgeniggec (heart weight: body weight) relas © controls. This

overexpression of endogenous antioxidants (catalase @I associated with eleted levels of myocardial Nox1 and
metallothionein). In cardiomyocytes of wildtype animals gjgx2 (NADPH oxidase isoforms). Administration of

high sucrose diet was obsed/to reduce peak shorteningiempol (a radical svanger) in drinking vater for 4 weeks
and_to slav contraction anq relaxation kinetics. 'mpa_'redsignificantly rgressed the cardiagpertroply by half (to a
calcium handling as evidenced by smaller calciumegrdiac weight indevalue of 30% greater than contrdf).
transients and slower decay of intracellular calciumzpesset al., 2008 used a similar intervention tovéstigate
Metallothionein transgenic mice on a high sucrose diet diffe pypertrophic and metabolic impacts of fructose feeding
not havever exhibit ary of these deficité® In a related o, ressure \erload-induced cardiac ypertroply.*
study from the same group, cardiac-specific catalagfinough no increase in heart growth was evident in

transgenic mice were used tovestigate the effect of this f,ctose fed sham mice, th&\T surgery induced a lger
antioxidant on sucrose-induced contractile dysfunction.
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increase in heart weight: tibia length ratio in fructose fed treatment options.J. An. Coll. Cadiol. 2008;51:

mice relatve © darch fed mice (55% and 22% 93-102.
respectiely). Administration of tempol attenuated the4. DhallaNS, Temsah RM, Netticadan Role of oxidatve
cardiac lypertroply obsened in both groups to control-diet stress in cardiwescular diseasesJ. Hypertens.
sham leels. In addition, Delboset al.,2005 demonstrated 2000;18: 655-73.
that cardiac weight indewas significantly correlated with 5. Takimoto E, Kass B. Role of oxidatve gress in cardiac
myocardial superoxide production in fructose-fed #ats. hypertroply and remodeling.Hypertension2007;
These studies provide evidence that cardiggeftrophic 49: 241-8.
remodelling in insulin resistant states is closely linked with. Ritchie RH. Evidence for a causal role of oxidati
levels of myocardial ROS and may be wdn by ROS stress in the myocardial complications of insulin
activation of growth signalling pathways. resistanceHeart Lung Circ.2009;18: 11-8.

) 7. Andreassi MG. Metabolic syndrome, diabetes and
Conclusion atherosclerosis: Influence of genedeonment

interaction Mutat. Res2008;

Beck-NielsenH, Pedersen O, Lindsk HO. Impaired
cellular insulin binding and insulin sensity
induced by high-fructose feeding in normal subjects.
Am. JClin. Nutr. 1980;33: 273-8.

. Faeh D, Minehira K, Schwarz JMet d. Effect of
fructose oerfeeding and fish oil administration on
hepatic de neo lipogenesis and insulin sensgity in
healtly men.Diabetes2005;54: 1907-13.

10. Daidoff AJ, Mason MM, Daidson MB et 4d.

Sucrose-induced cardiomyde dysfunction is both

preventable and neersible with clinically releant

treatments. Am. J Physiol. Endocrinol. Metab.

2004;286 E718-24.

11. Feillet-CoudrayC, Sutra T Fouret G et d. Oxidative
stress in rats fed a high-fat high-sucrose diet and
preventive dfect of polyphenols: holvement of
mitochondrial and ND(P)H oxidase systems&ree
Radic. Biol. Med2009;46: 624-32.

12. HuangBW, Chiang MT, Yao HT, et d. The effect of
high-fat and high-fructose diets on glucose tolerance
and plasma lipid and leptinués in rats.Diabetes
Obes. Metab2004;6: 120-6.

13. D'Angelo G, Elmarakby AA, Pollock DM et 4.
Fructose feeding increases insulin resistandenbt
blood pressure in  SpragueiMay rats.
Hypertensior2005;46: 806-11.

Clinically, insulin resistance and cardascular
disease are frequently linked, with cardiac dysfunction ar?d
diabetes coincidentA specific cardiac pathology has been
identified in \arious animal models of insulin resistance,
and can occur independently of hemodynamic loadin
influences. There isvielence to suggest that cardiomyte
excitation-contraction coupling and agior calcium
handling may be particularly reliant on insulin-dependent
glucose upta& and glycolytic metabolism. Studies with
diabetic rodent models .. STZ-treated, db/db,
GLUT4-KO, high sugar diet) @ povided insight into
altered metabolic and functional performance in the insulin
resistant myocardium. There is also evidence that an early
increase in BS production in the insulin resistant
myocardium may be imlved in the initiation and
development  of  cardiomyopagh ROS-mediated
hypertroply induction and structural modification oy
transporter proteins wolved in ecitation contraction
coupling has been obsed. In vivo experimental studies
demonstrate that increased antioxidant végti can
ameliorate the delopment of insulin resistant
cardiomyopati. More detailed cellular functional and
mechanistic imestigations are required to fully elucidate the
complx role of ROS in mediating insulin resistant
cardiomyopatl, and to assist in deloping tageted
cardioprotectie interventions.
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