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Cardiac hypertrophy and oxidative stress are associated with insulin resistancein fructose fed
mice

K.M. Mellor! R.H. Ritchié and L.M.D. Delbridg,! Department of PhysiologWniversity of MelbourngVIC
3010, Australia andHeart Failure PharmacologyBaker IDI Heart & Diabetes InstituteMelbourne VIC 3004,
Australia.

Dietary fructose intad& has increased considerably in recent decades, in parallel with an increase in the
incidence of insulin resistance. Candiscular pathologies are highly paient in diabetic and pre-diabetic
patients yet the impact of fructose on the heart is poorly understood. The aim of this study was to determine the
specific cardiac effects of a 12 week 60% high fructose dietary intervention in C57BI/6 male mice.

Blood pressure was measured by taif cuéthod to establish that the effects of fructose were independent
from hypertension. Systemic insulin sendiyi was estimated by glucose tolerance test and plasma insulin
levels were determined by radioimmunoassigarts were collected for measurement of ventricular weight
index (VWI) and myocardial production of superoxide (lucigenin chemiluminescence). Phosphorylation states
of signalling proteins in myocardial tissue were analysed by western blot and gene expression analysis of
Thioredoxin 2 was performed using real time PCR.

VWI was increased by 22% in the fructose fed me 0.0006) which was associated with \eteed
superoxide production (fructose, 5528 counts/s/mgs control, 489+ 11 counts/s/mgp = 0.049). This vas
not associated with an alteration in myocardial gene expression of the antioxidant, Thioredoxin 2. Fructose
feeding suppressed phosphorylation of Akt and S6 ind&atf a ecific cardiac insulin resistance.
Hypemglycaemia (fructose, 144 0.6 mmol/Lvs control, 12.1+ 0.8 mmol/L) and impaired glucose tolerance
were observed, but were not associated with hypertension or body weight gain. No change in plasma insulin
levels was apparentThis study demonstrates that a 12 week dietary fructose intervention induces cardiac
hypertroply associated with oxidate dress. Fructose-induced insulin resistance is apparent both systemically
and intrinsic to the myocardium suggesting that a specific cardiac insulin resistance may play a role in fructose
induced cardiac pathologies. Importanthese findings were observed in the absenceyof@nme or pressure
loading effects from ypertension or obesityfhis study demonstrates that excess consumption of fructose is
detrimental to cardiac structure and signalling which may represent a primary pathology in insulin resistance.
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Comparison of anoxic tolerance of isolated car diac myocytes from male and femalerats

I.R. Wendt2 M. Vila Petrof 13 C.L. Curl! JR. Belll A. Mattiazz} and L.M.D. Delbridg! Department of
Physiology The University of Melbourn&/IC 3010, Australia?Department of Physiologionash University,
VIC 3080, Australia andFacultad de Ciencias Médicas, Cemtie hvestigaciones Cardiovasculares, UNLP,
Argentina.

There is growing recognition that important cardiac-specific dEferences can impact on cardiac
function, outcomes of cardiescular disease, and the cardiac response to stresses such as istVeimae
recently shown that intae o perfused hearts of male rats are more susceptible to ischemia/reperfusion (I/R)
injury than those of female rats (Beifl al, 2008). C&* overload during early reperfusion has been shown to
play a critical role in cardiac I/R injury and recent evidence has highlight&éc@aodulin-dependent protein
kinase Il (CaMKIl) actvation as a ky factor in cellular apoptosis and necrosis in I/R injMéhether se-
related differences in myocardial €dandling and/or CaMKII aatétion underlie the different vulnerability of
male and female hearts to ischemic damage hasvieg not been directly ivestigated. Thegoal of this study
was to examine whether the enhanced susceptibility to I/R injury of male hearts could be attributable to
differences in cardiac myocyte €aandling and/or CaMKI| activity.

Hearts from 12-14 week old male and female Spragwedyaats were perfused in Langendarfode
with 50 mg/ml collagenase to enzymatically disperse the cardiacytegocThefreshly isolated cells were
loaded with the C# indicator fura-2 and placed in a superfusion chamber on the stage ofestedn
fluorescence microscope. Fura-2 fluorescence (ratio 380/365 nm) and cell shortening (edge detection) were
monitored using an lonoptix system (lonoptix Corporation, Maryland, US?§lls were paced at 4Hz and
subjected to a protocol designed to mimic ischemia and reperfusibowifg establishment of a steady-state
in control solution the cells were superfused with a ‘simulated ischemia’ solution for 20 minefiblloy
‘reperfusion’ with control solution for 30 min. The composition of the control solutias (mM) NaCl (146),

KCI (4.7), NaHPOQ, (0.35), MgSQ (1.05), CaCJ (2), glucose (11), HEPES (10), pH 7.4; while the ‘simulated
ischemia’ solution contained (mM) NaCl (136), KCI (8), N&#®, (0.35), MgSQ (1.05), CaCJ (2), Na-lactate
(10), HEPES (10), pH 6.8. The ‘simulated ischemia’ soluti@s wquilibrated with 100% J\and during the
period of simulated ischemia the superfusion chamber was also maintained in a J@d%sddment. Cells
were studied in either the absence or presence of the CaMKII inhibitor KN@3he KN-93 &periments
cells were pre-treated with KN-93 for at least 15 min prior to use and KN-93 was preghkhti{ball solutions
used throughout the recording period.

Under control conditions the baseline amplitude of thé*Qeansient and cell shortening were
significantly lower in the female myocytes compared to the male ytggcDuring simulated ischemia cell
shortening initially decreased substantiattygether with some diastolic cell lengthening, but thenvered
somavhat with continued exposure to the ‘simulated ischemia’ solution. Upon ‘reperfusion’ with control
solution cells rhibited diastolic contracture and variable ne®g of contractile function. There was a madk
difference in cell mortality during ‘reperfusion’ with only a 33% swalvrate in male cells as compared to
nearly 90% survial in female cells. Among the surviving cells no significanfedénces were detected in
contractile receery or C&* handling between male and female mytes during the I/R protocol. CaMKIl
inhibition attenuated diastolic contracture during ‘reperfusion’ in both male and femalgtes/bat did not
significantly imprae ontractile receery. CaMKII inhibition was, havever, associated with markedly impved
preservation of cell viability during ‘reperfusion’.

These results suggest that male vulnerability to I/R injury may be due to an enhanced susceptibility of
male myogtes to I/R-induced necrosis rather than depressed contractilemeod surviving cells. Enhanced
CaMKII activity in male cardiac mygtes, possibly due to higher steady-state ceff* @aels, may contribte
to their greater vulnerability to I/R damage compared to female cardiac myocytes.

Bell JR, Porello ER, Huggins CE, Harrap SB & Delbridge LM. (2088)erican Journal of Physiology: Heart
and Circulatory Physiology94: H1514-22.
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The Hypertrophic Heart Rat (HHR) exhibits enhanced myocardial PI3-K mediated signallingin
the neonate, but not in the adult

JR. Bell, E.R. Porrello, S.B. Harrap and L.M.D. Delbrigdepartment of Physiologyhe University of
Melbourne VIC 3010, Australia.

Hypertroply of the heart represents a significant carasoular risk, independent of blood pressure. There
is growing appreciation that adult cardiscular disease states may be ‘programmed’ in early life, though the
influence of perinatal grath on the declopment of adult cardiacyipertroply has not been establishedeW
have previously identified a genetic locukvm-1) in the spontaneouslyypertensie rat (SHR) associated with
heart size but not blood pressure, andelibped the Hypertrophic Heart Rat (HHR) as a normotensbdel of
adult primary cardiac ypertroply (Harrap et al, 2002). As phenotypic characterizatiornvealed neonatal
cardiac growth restriction rela# © the control Normal Heart Rat (NHR), this study compared xipeession
and actvation of selected intermediates of growth signalling pathways in young and adult HHR and NHR.

Neonatal (post-natal day 8,=7) and adult (12 week old, = 10) male NHR/HHR were anaesthetized
with halothane inhalation, and hearts excised and immediately placed in liquid nitragdricl®s were
homogenized at 4°C in a HEPES/sucrosfdp using an Ultra-Turrax tissue grindaith samples centrifuged
at 3,000g for 5 minutes at 4°C to rgeothe cytosolic fraction. Equal amounts of protein were subsequently
loaded onto polyacrylamide gels (10%) for SDSsE/Western blot analysis (quantified as refatexpression
units).

Marked hypertroply was observed in adult HHR heartswager, no changes in the phosphorylation
status of Akt (1.14: 0.09vs1.00+ 0.05, HHRvsNHR, p = ns), GSK3 (1.14+ 0.12vs1.00+ 0.12,p = ns) or
ERK1/2 (1.03t 0.04vs1.00£ 0.04,p = ns) were observed/$ NHR). Total calcineurin expression was similarly
unchanged (1.12 0.10vs 1.00+ 0.10,p = ns). In contrast to the adult, neonatal HHR hearts were smaller than
NHR controls. This ws associated with an increase in Akt phosphorylation £.853vs0.99+ 0.07,p =
0.029), and a decrease in phosphorylation of both BJB36+ 0.06vs1.00+ 0.17,p < 0.01) and ERK1/2
(0.82+ 0.04vs 1.00+ 0.05,p < 0.01). Calcineurin expression was unchanged (8.9809vs1.00+ 0.05,p =
ns).

These differential actities are consistent with augmented PI3-K mediated ‘physiologicaltgro
signalling in the neonatal HHR. These findings indicate that where there is a genetic pre-disposition for
hypertroply, transient growth signalling perturbation in the neonate is observed and may represent an important
modeling @ent in determining the occurrence of adult hypertsoph

Harrap SB, Danes VR, Ellis JA, Griffiths CD, Jones BElbridge LM (2002).Physiolajical Genomics9:
43-8.
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M echanisms maintaining kidney tissue oxygenation during renal ischaemia in anaesthetised
rabbits

R.G. Evang,S. Michaels,G.A. Eppel S.L. Burle? G.A. Head J.F. Carroll® and P.M. O’Connof,
1Department of Physiologivonash UniversityMctoria 3800, Australia?Baker IDI Heart and Diabetes
Institute Melbourne Mctoria 8008, Australia?Department of Integrative Physioladyniversity of North &as
Health Science Centedfort Worth, Bxas 76107, USA arftDepartment of Physiologivedical Collge d
Wisconsin, MilwaukeaMsconsin 53202, USA.

We haverecently shown that the kidpndas a remarkable ability to maintain stable tissue oxygen tension
(PO, in the face of changes in renal bloodafl(RBF) within the physiological range (O'Conner al, 2006;
Leonget al, 2007). According to the ceentional viev of kidney oxygenation, maintenance of homeostasis of
kidney oxygenation is thought to be acthee dmost eclusively through the ‘flov limited’ nature of kidng
oxygen consumption @,). That is, because most oxygen consumption by kidissue is attributable to
sodium reabsorption, which in turn alsoves reabsorption of other solutes, renaD)/ often varies in
proportion with glomerular filtration rate and thus RBEoweve, this mechanism could only completely
maintain homeostasis of kidnexygenation if there is no mis-match between changes in renal oxygeerydeli
(DO,) and VO,. Therefore, we ivestigated the potential for percentage oxygen extraction by the yitne
increase during renal ischaemigerin the absence of reduced tissue,PO

Rabbits were anaesthetised with pentobarbitone (90-150 mg plus 30-50 mg/h) and artiéiniiliyed.
Catheters were placed in the ear arteries and renal vein and a transit-time ultraseyndbiowas placed
around the renal arterfpO, and VO, were calculated from the oxygen content of rereadous and/or arterial
blood and RBFCortical tissue PQwas determined by fluorescence optode. Urine was collected from the
catheterized ureteFor electrical stimulation of the renal nerves (RNS, 15), the renal nerves were sectioned
cranially and placed on stimulating electrodes (O’Comt@l, 2006). For renal arterial infusion of angiotensin
Il (n=12), a catheter was placed in the renal artery (Letrad, 2007).

The figure shows responses to RNS and angiotensin Il infusion.

Renal Nerve Stimulation ~ Angiotensin Il

0 Baseline alues are within each panel. RNS caused frequdapendent
Ng_zo_ i reductions in RBF (-44 4% at 2 Hz) and DQ(-49 + 4%), but a smaller
85 l reduction in \O, (-30 + 7%). Angiotensin Il reduced RBF (-373%) and

& 401 T DO, (-38+ 3%), but not \D, (+10+ 10%). Despite mis-matched changes in

60 J3.64 £ 0.28mL Opimin 4 423030 DO, and VO, cortical tissue PQdid not fall. Percentage oxygerteaction
30 - increased 1.4-fold during 2 Hz RNS and 1.8-fold during angiotensin II.
04 1 mm Renal venous Pgfell by -5.7+ 1.7 mmHg during 2 Hz RNS and by -112

2.0 mmHg during angiotensin Il infusion. Neither renahous blood PCO

0.435 0,058 m_ oymin | 0519+ 0,035 NOT PH changed in response to these ischaemic stimuli.

N0-274t47mmbg 4 27.4£38 We @nclude that during mild renal ischaemia, induced by RNS or
angiotensin Il infusion, reductions in D@re not matched by reductions in
VO, But tissue hypoxia does not occhecause the kidiyeextracts a greater

proportion of DQ, even in the absence of an increase in the, B@dient
between arterial blood and tissuee Weculate that increased percentage
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oxygen (the Bohr effect) within renal peritubular capillaries, so increasing
delivery of oxygen to tissue. There is also a theoretical basis for diffusional shunting of oxydecrdase
during renal ischemia (Evaes al, 2008), which should increase dadiy of oxygen to tissue.

Evans RG, Gardiner BS, SmithWi) O'Connor PM. (2008) American durnal of Physiology — Renal
Physiologydoi:10.1152/ajprenal.90230.2008

Leong C-L, Anderson WPO'Connor PM, Evans RG. (2007American Journal of Physiology — Renal
Physiology292: F1726-33.

O’Connor PM, Kett MM, Anderson WIEvans RG. (2006 American Journal of Physiolly — Renal Physiotry
290: F688-94.
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Computational modelling of oxygen transport in the whole kidney

B.S. Gardinet R.G. Evang,PM. O’Connor and D.W Smith,'* 'Department of Civil and Environmental
Engineering The University of Melbournéelbourne VIC 3010, Australia?Department of Physiology,
Monash UniversityMelbourne VIC 3800, Australia®Department of Physiologivedical Collge d Wsconsin,
Milwaukee W, USA and*Faculty of EngineeringComputing and Mathematics, University of Western
Australia, Perth, VA 6009, Australia.

The traditional viev is that oxygen homeostasis is acke in the kidng by matching changes in renal
oxygen delrery with proportionate changes in kidgnexygen consumption (@,). We haveamassed\adence
that this viev of oxygen r@ulation is incomplete (Enset al, 2008), and that the parallel architecture of the
renal vasculature facilitates dynamic regulation of kydaeygenation by enabling oxygen shunting between
arteries and e&ins, such that a significant portion of oxygen in renal arterial blood bypasseg tsdne. ©
integrate this ne evidence into the carentional model of renal oxygen homeostasis and so elzekeper
understanding of the processegolmed, we hge devdoped a computational model of the parallel-branched
vessel architecture for vessel sizes between 10:4%(0n radius).

In our model the renal vasculature is represented by eight compartments of -catneter systems
connected in series. That is, within each compartment an artery and a vein are in parallel configuration with
opposing fluid velocities. These compartments correspond directly todfaga vessel dimensions at eight of
the eleen Srahler orders (branchue in vasculature) identified by Nordslettehal., (2006) in their structural
analysis of the renal vasculature. Furtheleccount for the intimate association of the arteries amasvat each
branch leel (the vein is often seen to wrap around the artery) we use a concentric tube with an artery running
down the centre of a vein. The MWar-Stoles equation is used to describe bloowvfio each vessel and the
reaction-advection-difision equations are used to model oxygen transport within and betesssisy These
equations are numerically sel¥ within each compartment and information on oxygen concentration is fed
forward to the neighbouring branch. The binding of oxygen to haemoglobin is included in the modeDas is V

| o | Renal As shown in the Figure, our computational model is able
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5 10 15 -40-20 0 20 40 RBF for wide range of combinations oyto RBF. That is the
Haemoglobin Renal Blood Flow matching of changes in & and RBF required by the
(mg/dL) (% resting) corventional model of renal oxygen regulation is relaxed by

oxygen shunting to alle for a wider range of combinations of
VO, and RBF.
In summarythe computational model of the parallel countercurrent renal vasculaturevevecirdoped
has allowed us to integratevesl complex processes wolved in oxygen transport in the mammalian kigne
This model is able to reproduce existing experimental data and has provided a platform for testing and
formulating hypotheses andwopment of a ne understanding of renal oxygen regulation.

Evans RG, Gardiner BS, Smith W) OConnor PM. (2008) American Journal of Physiody,
doi:10.1152/ajprenal.90230.2008.
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