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Developmental programming following prenatal alcohol exposure: models and mechanisms of
disease

K.M. Moritz, School of Biomedical Sciences The University of Queensland St Lucia 4067. (Introduced by
Caroline McMillen)

Chronic prenatal»posure to high doses of alcohol can cause a rangevelbgmental abnormalitiesub
whether alcohol causes detrimental effects in the fetuswioigp short term exposure or atwodoses is
somevhat contreersial. Mary women cease drinking upon greang recognition but mancontinue to drink
during prgnang with the pattern of drinkingarying from occasional drinking to routine consumption ofva lo
amount of alcohol on a daily basis. In this study wedthesized that the dose and timing of exposure may be
critical in determining both the short and long terrfe@s of alcohol on fetal delopment and outcomes in
offspring.

Thus, we hee wsed the following three rat models of alcohol exposure to explore the immediate and/or
long term consequences for the fetus and offspring:

1. Highdose binge (HD) in which rats are administered 1mg/kg alcohol (or saline as a control) by oral
gavage on days 14 and 15 of pregmanc

2. Chroniclow dose exposure (CL) in which the dam fas lib access to a liquid diet containing 6%
alcohol (115% calories devied from alcohol) or a control diet throughout pregnanc

3. Periconceptionaxposure (PC) where the dam taaklib access to a liquid diet containing 12% alcohol
((30% calories deved from alcohol) from 4 days prior to mating and then for the first 4 days of
pregnang.

Maximal blood alcohol content &) reached approximately 0.11%, 0.03-0.05% and 0.1% in the HD,
CL, and PC models respeday. Offspring in the HD model were born growth restricted and remained small
throughout lactation but experienced catch up growth after weaning and were of a similar weight to control
animals in adulthood. Animals in the CL group were lighter at day 20 ghang but were of similar weight
to control animals throughout weaning and early adulthood. Animals in the PC were of a similar weight to
controls at day 20 of pgpany and hae yet to be studied as offspring. As adults, both male and female
offspring in the HD group had elated blood pressure (Bp<0.001) whilst BP was normal in the CL group.
Renal function ws altered in the HD offspring with males showing an increase in GER0OQ1) whilst
females showed a decreased GRRO(01). There were alterations in the ability of the CL offspring to
concentrate urine following dehydration. Offspring in both the HD and CL groups had a reduced number of
nephrons in the kidiyg[20-30% reduction compared to controls) wheamgined using unbiased stereololyy
the HD group there were significant changes in gergdating branching morphogenesis in the fetal kidne
whilst apoptosis was elated in the fetal kidneys of animals in the CL and PC groups. This suggests that kidne
development is susceptible to alcohol and that multiple mechanisms may oatatiabthe impairment in renal
development and the subsequenivioephron humberThe dose and timing of alcohol exposure is likely to be
important in determining the subsequent risk of adult onset disease.
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Intrauterine inflammation: effects on fetal lung development
TJ.M. Moss, The Ritchie CestrMonash Institute of Medical Resebr P.O. Box 5418, Clayton, VIC 3168,
Australia. (Introduced by Helena Parkington)

Intrauterine infection or inflammation is common in cases of preterm birth, especially those that occur at
very early gestational ages. Exposure of the fetus to prenatal infection or inflammation is independently
associated with alterations in the risk ovesal neonatal diseases associated with prematurty example,
evidence of exposure to infection/inflammation before birth is associated with a reduction in the risk of neonatal
respiratory distress syndrome (RDS). This life threatening disease, which accountsyfoeoratal deaths, is
believed to be die primarily to a lack of pulmonary sadtant. Theassociation between intrauterine
inflammation and reduced risk of RDS suggests that prenatal inflammation stimulates fetal pulmaaansurf
production. Instudies using sheep weveadown that experimentally induced intrauterine inflammation or
infection (induced by amniotic fluid injection of lipopolysaccharide e lireaplasmas) causes a precocious
increase in pulmonary sadtant in the preterm lungs (Moss al, 2002a; Mosset al, 2008) that improes
preterm lung function, consistent with observations of human preteantsnfThe effects of intrauterine
inflammation appear to result from direct action of proinflamatory stimuli on the fetal lungs €Mals2002b)
rather than by systemic signals, such as stimulation of the fetal hypothalamic-pituitary-adrenal axis and
activation of the classical glucocorticoid-mediated lung maturation pathway (Netsads 2002). These initial
experiments hee focused imestigation of responsible mechanisms on local pulmonary factors that might be
induced by inflammation and stimulate surfactant production.

A prime candidate for mediating inflammation-induced surfactant production by the preterm lung is
prostaglandin E and/or other arachidonic acid metabolites. Prostaglangiis & fundamental mediator of
inflammation; limited aailable evidence indicates it can induce aatant production in preterm lungs. Our
experiments demonstrate that intrauterine inflammation induggsession of enzymes responsible for
prostaglandin production in fetal lung tissue. Lung tissue analyses from these ganenents hae
demonstrated also that paracrine/autocrine production and/or metabolism of glucocorticoids in fetal lung tissue
may occur in response to inflammation, as a result of inflammation-induced changes in expressfpn of 11
hydroxysteroid dehydrogenase (types 1 and 2). This effect might account for at least some of the changes ir
fetal lung deelopment induced by inflammation.

In order to address the role of glucocorticoid signaling in the response of the fetal lungs to inflammation,
we are inducing intrauterine inflammation in transgenicgmmet mice carrying glucocorticoid receptor
knockout fetuses. Consistent with our studies using sheep, intra-amniotic injection of lipopolysaccharide in
wild-type mice induces lge increases in surfactant protein gene expression in the preterm lungs.
Demonstration of this same effect in the GR kmatkmice would demonstrate this effect is independent of GR
signaling.

The possibility ®ists that there are previously unknown mechanisms of stimulating surfactant production
by the preterm lungs, which might be exploited agehtherapies for preenting respiratory distress syndrome
in preterm infants. Elucidation of the effects of inflammation on the fetal lungs and ahes will allov more
refined approaches to care of preterm infants exposed to inflamnmatitzma
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Early origins of cardiovascular disease: The heart of the matter

K. Wangt K.J. Botting12D. A. Brooks, L. Zhang! L. Rattanatray: S. Zhand, J. Duffield? C. Sutef I.C.
McMillen and J.L. Morrison? Early Origins of Adult Health Resezr Goup, School of Pharmacy and
Medical Sciences, Sansom Institute of Health RebBe8A 901, Australia?Discipline of Physiology,
University of AdelaideSA 01, Australia andVictor Chang Cardiac Resedr Institute Lowy Pa&er
Building, Liverpool Street, Darlinghurst, NSW 2010, Australia.

Cardiovascular disease currently affectgenp3 million Australians. Reduced growth in fetal life together
with accelerated growth in childhood results in an increased riskpdrtension andb0% greater risk of
coronary heart disease in adult life. It is uncleary whanges in gnath patterns in early life lead to a
vulnerability to cardigascular diseaseleft ventricular lypertroply is the strongest predictor of progressi
heart disease and poor cargiscular outcomes in adult life. Pathological ventriculgoertroply begns as an
adaptve response to increase cardiac pump function. Weryvé this response is prolonged it can lead to dilated
cardiomyopatf, heart failure and sudden deathe \Wopose that the mechanisms that support the growth of the
heart when substrate supply is restricted during fetal life are the same as those which are recruited to induce
pathological lpertroply in later life. This may xplain the vulnerability of the heart to thevdl®pment of
cardiovascular disease as the heart ages and is required tayargeertroply in response to ischemic heart
disease or hypertension in order to maintain cardiac outipgulin-like gowth factor 1 (IGF1) has been
implicated in the initiation of ventricularypertroply. In a range of experimental models, IGF1 aeia the
IGF1 receptor (IGF1R) botim vivo andin vitro to increase the size of cardiomyocytes. Recently it has been
shownin vitro that when the IGF1R signalling pathway is blocked, addition of IGF2 results in an increase in the
size of cardiomyoges. This suggests that IGF2 may act to stimulate heart cell growth through the IGF2
receptor (IGF2R), which is interesting as the IGF2R has traditionally been viewed as a receptor which acts to
clear IGF2, rather than as a receptor which is part of a ligand mediated growth pathway.

The adaptation of the fetal heart to a period of reduced substrate supply and decreased body growth ha
critical consequences for heart health in later life because at birth, the human heart contains most of the
cardiomyogtes it will have for life. The growth of the heart in earlyvdopment initially occurs through the
division and hence proliferation of mononucleated cardiogtggcwhich then undergo differentiation to form
binucleated cardiomyocytes. These cells are unablevidedand heart growth then predominantly occurs
through an increase in the size of the binucleated cardiomyocyyesrifloply). In a sheep model of
intrauterine gravth restriction (IUGR), induced by restriction of placental growth, wee hHavestigated the
proliferation and growth of cardiomygies and the pattern of differentiation of mononucleated to binucleated
cardiomyogtes in the fetal heart. $\havefound that heart massas maintained relat to fetal body mass,ub
that there was a relgt increase in the size of binucleated cardiomtexin the heart of the IUGR sheep fetus.

In addition, the lav birth weight lamb has increased relatileft ventricular weight at 21d of age.eVijropose
that in response to a poor substrate supply in the fetus, the IGF1R signallingyppthys a proteate ole in

the heart through its anti-apoptotic and angiogenic actiorsddt' suggest that once up-regulated, the IGF2R
signalling pathway mediates cardiomyocyygértroply. This is a nwel and significant hypothesis as it places
the IGF2R, rather than the IGF1R, signalling pathway asyarkchanism underlying the changes in heart cell
growthin uterowhich may contribute to a later vulnerability of the heart to pathological hypeytroph
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Maternal diets rich in fat programme obesity, hypertension and altered sympathetic nerous
system activity in adult offspring

JA. Armitage?L.J. Prior,? S.L. Burké and G.A. Head,'Department of Anatomy and Developmental Biology,
Building 76 Monash University\ellington Road, Clayton, VIC 3800, Australia akeuropharmacology
Laboratory Baker IDI Heart and Diabetes InstityteO Box 6492 St Kilda Road Central, MelbourngC

8008, Austalia. (Introduced by Janna Morrison)

The predence of obesity and related disease are rising rapidly worldwide. The majority of Australian
adults are werweight or obese and the cangdecular and metabolic consequences are predictedvioHgh
financial and social costs. Adult risk factors, genetic predisposition and socioecoactwois &ll contribute to
the deelopment of obesity and obesity related hypertensiaveher there is compelling evidence that the early
life environment also contriltes to disease progression. This process is termedlddenental programming”
and it is hypothesized that maternal dietary imbalance ignprey results in fetal and neonatal adaptations
including redistribution of blood fl, dtered oganogenesis and gngh in response to altered nutritional
awailability later in life (Barker 2001; Armitage aylor & Poston, 2005). Maternal obesitgaternal essential
fatty acid depwation (Weisingeret al, 2001), or high fat consumption in greang can programme obesity and
hypertension in the offspring (Khaet al, 2003). This programmed obesity related hypertension has been
associated with dysfunction of the periphe@daulay metabolic and renal systems (Armitagéal, 2004). W\
hypothesized that the hypertension and obesity seeifspriolg of fat fed mothers was associated witlvaésl
sympathetic new activity and altered ypothalamic responses to peripheral appetite controlling peptides and
hormones including leptin and ghrelin, and@eped an animal model to test the hypothesis.

Female New-Zealand White rabbits were fed either a control (3.5% fat) or high fat diet (HFD, 48.5% f
for 3 weeks prior to mating and throughout gestation and lactation. After weaning, all offspring were fed a
calorie controlled 3.5% fat diet. At 4 months of age all rabbits were instrumented with intracevgtmaar
(icv) cannulae and renal nerdectrodes under isoflurane anaesthesia (fetiat, 2010). The central ear artery
was aatheterized and arterial pressure, heart rate and sympatheticactdrity recorded under basal conditions
and in response to a stressful stimulus; a jet of air blowing at 100 L/asiminected at the face for 10 minutes.
The cardi@ascular and renal sympathetic nemesponses to increasing doses of leptin (recombinant murine
leptin Peprotech USA, 5-100ng dedied icv) and ghrelin (human ghrelin Auspep, Melbourne 1-5 nMol, icv) on
separate days. Body weightgvsimilar between groups,vever HFD offspring (n = 9) had heavier visceral
white adipose tissue compared with controlspfing (n = 8,p < 0.05). Rabbits from fat fed mothers
demonstrated greater mean arterial pressure (p#4).05) tacchycardia (+11%, < 0.05) and eleated renal
sympathetic actity (+17%, p < 0.05) compared with control offspring. The cardiscular and sympathetic
responses to acute stress were similar between groups. Interedithglygh icv administration of ghrelin
reduced the pressdactycardic and RSH response to stress in both groups, this reduction in stress responses
was érogated in offspring of fat fed rabbits, compared with contrpls @.05).

Maternal high &t feeding during pognangy and suckling results in the dgopment of obesity related
hypertension in the offspring. Our results indicate thatadel renal sympathetic activity is associated with the
hypertension and that perturbations of the leptin and ghrelin systems in the hypothalamus may underlie the
phenotype. Further understanding of which hypothalamic nuclei are affected are the subject of ongoing work.
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Early life environments and programming of the vascular phenotype
M. Tare, Department of Physiologivonash UniversityVIC 3800, Australia.

Disturbances in the early life environment cawehdife long repercussions on cardéscular health.
Perturbations during critical times invd#opment including fetal and early postnatal life can influence arterial
structure and function, predisposing to cavescular disease. 8\avestudied the effects of a variety of early
life challenges on vascular function. Challengesstigated include vitamin D deficiepncseveal different
models of intrauterine growth restriction, prenatal glucocorticoid or alcohol exposure, and the lactational
ervironment. The striking finding to emerge from thierlwis that the nature of vascular dysfuncticihibits
regional heterogeneity Vascular mechanisms that aregtted include endothelial function, neuromuscular
transmission, smooth muscle reactivity and walfreefs. Ofthese mechanisms, weveafound that a change in
wall stiffness is generally the most consistent indicator that there has been an exposure to an early life insult.
Intrauterine growth restriction causes stiffening of the coronary arteries of the fetal sheep. Alcohol exposure in
the fetal sheep causes stiffening of arteries across the Boohe insults can alsowg fise to functionally
opposing responses in different vascular beds. ikstance, maternal alcohol ineakesults in endothelial
vasodilator dysfunction in coronary arteries agdrfunction in the mesenteric arteries of fetal sheep. Changes
in vascular function that persist into adulthood increase the risk of easdidar diseaseSeven year old sheep
exposed to tw days of prenatal glucocorticoids early in gnang had significantly increased coronary artery
stiffness. Agedats exposed to vitamin D deficignduring early life had persistent alterations in renal artery
function including altered wall stiffness and augmented megcollar constriction. The early postnatal
ervironment can also influence vascular function. Changes in the lactatimralnement can either rescue or
aggraate disturbances inascular function caused by prenatal insults. Although not tested in all models, there
appears to be sexual dimorphism in the nature atahieof vascular dysfunction, with males tending teeha
worse outcomes than females. In conclusion,adety of early life insults can induce adaptations in the
developing vasculature that may cause lasting alterations in function. Persisterasciolaw dysfunction into
adulthood will increase the risk of cardéscular disease.
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