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Periconceptional and early preimplantational undernutrition alters gene expression of metabolic
and gluconeogenic regulating factors in the Vier

S. Lie J.L. Morrison, O. Wyss, S. Zhang and I.C. McMillen, Early Origins of Adult Health Rés@arup,

Sansom Institute for Health Reselarschool of Pharmacy and Medical Sciences, University of South Australia,
Australia.

Introduction: Maternal undernutrition during gestation can result in insulin resistance and glucose
intolerance, leading to the vidopment of type-2 diabetes. Thefesft of maternal undernutrition during the
periconceptional period, haver, has not been widely uastigated. The metabolic master switch, AMP-
Activated Protein Kinase (AMPK) and the master integrator of external signals, peroxisome proliferator
activated receptory co-actvator 1o (PGC-In) play critical roles in Ner metabolism. More importantlythe
capacity of the Vier for gluconeogenesis which is regulated by phosphognolate carboxykinase, PEPCK, is
critical in maintaining glucose homeostasis.

Hypothesis: We typothesise that periconceptional (PCUN) and early preimplantational (PIUN)
undernutrition will result in a decrease in gene expression of the metalgpliatogs, AMPK and PCGel, as
well as an increase in the gluconeogenic regylREPCK in the fetal lier in late gestation.

Methods:Control eves were fed 100% metabolisable energy (ME) from —-45d to 6d after conception.
Ewes in the PCUN group were fed 70% ME from —45d to 6d and ewes in the PIUN group were fed 70% ME
from conception to 6d postconception.véti samples were collected at 136-138d gestation. The MRN
expression of AMPKeal, AMPK-a2, PCG-ti and the mitochondrial and cytosolic forms of PEPCK (PEPCK-

M, PEPCK-C) were analysed using Real Time-P@R.05 was considered statistically significant.

Results:Hepatic mRM expression of AMPKal was decreased in the PIUN singleton compared to the
control and PCUN groups. There was no differenceeher, in the expression of AMPKx2. The expression of
PGC-Tn and the cytosolic form of PEPCK was decreased in the PIUN and PCUN groups compared to the
control group, with no difference in the expression of the mitochondrial form of PEPCK.

Conclusion:Periconceptional and early preimplantational undernutrition may result in aydhgien of
hepatic enayy metabolism and a decrease in gluconeogenesis. The decrease incdAMARNA expression in
the PIUN group may be due to a mismatch between the oocyte and the early enlengy status.
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The effects of chronic moderate prenatal ethanol exposearon @rdiovascular and renal artery
function in adult rats

M. Tjonguet M. Tare! M.E. Probyr? K.M. MoritZ and K.M. Dentort, IDepartment of Physiologivonash
University VIC 3800, Australia andSchool of Biomedical Sciences, University of Queensland, QLD 4072,
Australia.

Maternal alcohol consumption during grany remains common in society toddrenatal exposure to
high levels of alcohol can cause viopmental abnormalities. Thefe€t of more moderate alcohol exposure on
the offspring remains uncleafn adverse environment in early life can increase the risk of caasliolar
disease in adulthood. The aim of this studgswo examine the effects of chronic moderate fetal alcohol
exposure on arterial pressure araseular function in adult rat offspring. Female rats wevenga mmplete
liquid diet containing either ethanol (6% v/v equating to 15% of total calories and a peak blood alcohol content
of 0.03 — 0.05%) or an isocaloric egaent during prgnang. Male f = 6-9) and femalen(= 7-8) offspring
were studied at 1 year of age. Mean arterial pressure (MAP) was recorded under basal conditions and during
restraint stressgia radiotelemetry At post mortemthe kidneys were rerved and the renal interlobar arteries
were isolated. Segments of renal interlobar artery were mounted onto a wire myograph for testing of smooth
muscle and endothelial function. Arteries were bathedanmed, oxygenated physiological saline (PSS). Other
segments of artery were mounted onto a pressure myograph and bathed in GihRISSacontaining 1mM
EGTA, for the assessment of passinall stiffness. Basal MAP and heart rate (HR) were not different between
vehicle and alcohol-treated groups. MAP and HR increased significantly in response to restraint steeas, ho
the increase in MAP was lower in alcohol-treated groups of bo#s ge = 0.001). Constriction of the renal
interlobar artery wked by sngle pulses of perascular nere dimulation was smaller in alcohol-treated
females p = 0.012), but not in the males. Vasoconstrictimoked by angiotensin Il and phstephrine, and
vasodilation @oked by the nitric oxide donor sodium nitroprusside, were not altered with alcohol treatment.
Total endothelium-dependent relaxation and the relaxation due to endothelivettdgperpolarizing &ctor
were not diferent between treatment groups. Interlobar arteries from alcohol-treated females were modestly
more compliant = 0.02), but arterial stihess was not different between treatment groups for the males. In
conclusion, this study demonstrates thanemoderate maternal alcohol consumption, egant to 2 standard
drinks per dayduring pregnangdoes hae lasting effects on the card@scular system of the offspring.
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Gonadotropin-inhibiting hormone (GnlH) regulates spontaneous action potentials in
anorexigenic proopiomelanocortin neurons and orexigenic neuropeptide Y cells

J.S. Jacobi, H.A. Coleman, A. Sali, H.C. Parkington, M.A. Cpwarid 1.J Clarke, Department of Physiology,
Monash UniversityClayton, VIC 3800, Australia..

Enegy homeostasis and reproduction are intimately related and the mechanisms for such a close
connection are the subject of considerable attentiometAw, our understanding of the neurobiological basis
for this phenomenon is still incomplete. Neuropeptide Y (NPY) is a potexigerethat is produced by cells in
the arcuate nucleus of the hypothalamus. In the same nucleus xpedissethe proopiomelanocortin (POMC)
gene that produces melanocortins which are anorectic. Gonadotropin-inhibiting hormone (GnlH) peptide is a
recently disceered inhibitory regulator of reproduction that is released by neurons localized in the dorsomedial
nucleus of the hypothalamus, which is a nucleus with a roleguatng appetite and energy balance. It has
been reported that central injections of GnlH increase fooddritalirds and rats. Since GnlH neurons\ide
input to subsets of NPY and POMC cells, the aim of this study was to determine the effects of GnlH on the
electrical activity of these appetite regulating neurons of the arcuate nucleus.

We wed mice in which NPY or POMC genes were tagged with a transgene for renilla and green
fluorescent protein. Mice were Kkilled, the braiasarapidly remeed into an ice slurryand 250pum thick
coronal slices were cut. Slices were mounted in a recording chamber on the platform of an upright microscope
and continuously superfused with artificial cerebrospinal fluid (aCSF) at 32°C. XpFé3sing cells were
identified using epifluorescence, and patch electrodes were positioned using infrared DIC atgtieslamp
recordings of spontaneous action potentialvagtivere made in whole-cell current-clamp mode or in cell-
attached mode.

GnlH inhibited the firing rate of POMC cells. Since these cells are anorexigenic this inhibition may be
involved in the increase of food in@knduced by GnlH. The GnlH regulation of NPY cells was more comple
In one group of NPY cells, GnIH inhibited spontaneous action potential activity and this effect was associated
with a clear perpolarisation of the membrane potential. Another group of NPY cells showed no effect of
GnlIH. The combined presence of bleck of glutamatergic and GArgic receptors decreased spontaneous
action potential activityunder these conditions, GniNaked an hcrease in action potential activity.

In conclusion, these data indicate that GnlH, in addition to having an important rolguiatirey
reproductve function, is also a significant regulator of the appetiteggnexpenditure system within the
hypothalamus.
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Maternal overnutrition during the periconceptional period and gender influences insulin
signalling and glucose handling in lambs after birth

L.M. Nicholas! L. Rattanatray; S. McLaughlirt S.E. OzannéB.S. Muhlhauslet,D. Kleemar? S. Walke? J.L.
Morrisont and 1.C. McMillent 1Sansom Institute of Health ResgaUniversity of South Australia, SA 5000,
Australia, 2Institute of Metabolic Science-Metabolic Resbdmboratories, AddenbrookeHospital,
Cambridg, (B2 0QQ, United Kingdom anurretfield Reseath Centre, $uth Australian Reseah and
Development InstitutsSA 00, Australia.

The increased pvalence of @erweight and obesity amongst Australians aged 18 years and older is
reflected in an increase in the number ohven who are entering greany obese (Callaay, O'Callaghan &
Mcintyre, 2009; Ryan, 2007; LaCoursieze al, 2005). Maternal obesity before greany is associated with
an increased risk of obesity and metabolic disease in the offspring (Ca¢dlaslo 2003). Hav the liver
responds to insulin is an important conitifr to the bodyg aility to maintain normal glucoseues throughout
life (Postic, Dentin & Girard, 2004)Little is known, hevever, about the impact of maternal obesity or the
impact of dieting before conception onvhthe liver of her offspring responds to insulin in order to maintain
glucose homeostasis. The present studssiigated whether maternal obesity during the periconceptional
period {.e. before and just one week after conception) resulted in changes in the expression of insulin signalling
molecules and genes that control glucose output invlredi postnatal lambs. This study alswéstigated the
effects of dietary restriction invernourished and normally nourished ewes on these measures of hepatic insulin
sensitivity in the offspring.

Donor eves were randomly allocated to one of 4 treatment groups. The CC growyedeceintrol diet
of 100% metabolisable energy requirements (MER) for 4 months before conception. The CR gruep aecei
diet of 100% MER for 3 months followed by a restricted diet (70% MER) for 1 month. Ewes in the HH group,
which is our model of maternal periconceptionarautrition, was gernourished [(180% MER) for 4 months.

The HR group, which is our model of dietary restriction in therrmurished ewe, as werfed for 3 months
followed by a restricted diet of 70% MER for 1 month. After conception, single embryos were transferred into
non obese 'recipient’'vees at 6-7 days after conception. Ewes lambed normally and tissues includingrthe li
were collected at 4 months of age for analysis.

There was a lowempg0.05) abundance of insulin signalling proteins Akt2, pAkt and pFoxO1 in the HH
group and this effect was ameliorated in the HR group. Interestixgisession of the gluconeogenic enzyme
PEPCK (mitochondrial form) and BHSD1 mRM was lower <0.05) in the HH group and this effecasv
also abolished in the HR group. IN addition, expression of yt@salic form of PEPCK mRAN was laver
(p<0.05) in CR, HH (male lambs) and HR groups.

In conclusion, periconceptionalvenutrition appears to program decreased expression of insulin
signalling molecules in thevier of the offspring which could contribute to the emergence of insulin resistance in
later life. In contrast, periconceptionalep- and under-nutrition dferentially suppress the mitochondrial and
cytosolic forms of the major gluconeogenic enzyme in ther livhich may protect the lamb from the
consequences of poor insulin signalling in the immediate term.
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The role of regulator of calcineurin 1 (RCANL1) in the regulation of glucose homeostasis

H. Peiris! D. Mohanasundararf,). Brealey,® C. Jessup;® T. Coates?® M. Pritchard* and D. Keatingd,
Molecular and Cellular Neuroscience Group, Department of Human Physiology ane ®erntieuroscience,
Flinders University Adelaide SA $00, Australia’Central Northern Adelaide Renal ancafisplantation
Service Royal Adelaide Hospital, North Terrac@delaide SA D00, Australia?’Surgical PathologyElectron
Microscopy Unit, Royal Adelaide Hospital, North Terragdelaide SA 00, Australia,“Department of
Biochemistry and Molecular Biologionash UniversityVIC 3800, Australia andSchool of Medicine,
University of AdelaideAdelaide SA 00, Australia.

Reyulator of calcineurin 1 (RCANL1) is a gene located on chromosome 21 ame iexpressed in the
brains of Down syndrome (DS) patients. Our lab has previously shown that RCAN1 regxbmgeses in
adrenal chromaffin cells. As the incidence of diabetes is 5-10 times greater in the DS population we are
investigating the effect of increased RCAN1 expression and its possible role in the pathogenesis of diabetes.
Transgenic mice with a wersal oser-expression of RCAN1 were generated for this studyvivo studies
indicate that transgenic micewop age-dependent diabetes characterized by increased fasting blood glucose
levels of 5.80.3 mmol/L (n=9) at 60 days old compared to+0.2 mmol/L (n=9) in age-matched wild-type
mice (<0.05). Glucose tolerance, measured by injecting 2mg glucose/g body weight, is also reduced in
transgenic mice, with glucose@lues reaching peakvds of 27.51.4 mmol/L (n=5) after 60 minutes compared
to 1%1.3 mmol/L (n=5) in wild-type micepk0.01). Immunohistochemical analysis of pancreatic isletaled
that transgenic mice i@ a 0% reduction in islet area (n=4) at 100 days. Electron micrgsatglysis reeals
that transgenic mice i@ a 4% increase in empty secretary vesicles (n=3) at 120 days. Transgenic mice also
have dgnificantly decreased fasting blood insulin values at 120 days (n=6) when compared to age-matched
wild-type mice. In islets of transgenic micepeession of genes such as those mutated in hereditary forms of
monogenic type 2 diabetes (MODY) and others relate3-tell surviva and insulin production were
downregulated. Our findings highlight a va role of RCANL1 in regulating glucose homeostasis, isleivtjrp
secretary vesicle loading and insulin release. Additionadpression of RCANL increased 2.5 folok(.05)
when islets werex@osedin vitro to 16.7 mM glucose for 6 days. This along with our previous findingsdao
the exciting proposition that RCAN1 may bedtved in thef-cell failure and hypoinsulinemia that occurs in
the later stages of type 2 diabetes.
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