














79

IMPAIRMENT OF BONE-MARROW DERIVED PROGENITOR CELL FORMATION
BY MILD HYPERHOMOCYSTEINEMIA IN MTHFR +/- MICE

Lemarié CA'": Deschenes M-E'; Rozen R?; Schiffrin EL (ernesto.schiffrin@mcagill.ca)’

1. Hypertension and Vascular Research Unit, Lady Davis Institute for Medical
Research-Sir Mortimer B. Davis-Jewish General Hospital, 2. Human Genetics,
Montreal Children's Hospital (both from McGill University), Montréal, QC, Canada

Introduction: Mild hyperhomocysteinemia (H-Hcy) is associated with increased risk
of cardiovascular disease; however, the exact mechanism whereby H-Hcy leads to
vascular damage is unclear. Using a mouse model heterozygous for the gene
deletion of methylene tetrahydrofolate reductase (Mthfr +/-) mimicking mild H-Hcy in
humans, we previously showed that the heterozygous mice present endothelial
dysfunction as demonstrated by reduced endothelium-dependent vasodilatation. We
also showed that there is an additive adverse effect of mild H-Hcy and hypertension
on endothelial dysfunction associated with increased generation of reactive oxygen
species (ROS). Recent studies have shown that cardiovascular risk factors such as
hypertension are inversely correlated with endothelial progenitor cell (EPC) number
and function. We hypothesized that EPC formation would be impaired in Mthfr +/-
mice and would be correlated with the endothelial dysfunction. Methods: Bone
marrow-derived mononuclear cells (BM-MNCs) were obtained by flushing tibia and
femur of wild-type or Mthfr +/- mice. Low-density mononuclear cells were then
isolated by centrifugation on a Ficoll gradient. BM-MNCs (1.5x10°) per ml were plated
on 11 mm cell-culture dishes for 7 days. EPCs were characterized by dual-positive
staining for both AcLDL-Dil and BS-1 lectin and by positive staining for Sca1 and c-
kit. Results: We found that mild H-Hcy reduced the ability of adherent BM-MNCs to
differentiate into EPC (P<0.001 vs wild-type mice). We evaluated the phosphorylation
of p38MAPK, since it is known that its activation down-regulates EPC proliferation
and differentiation. Phosphorylation of p38 was indeed increased by 30% in Mthfr +/-
compared to wild-type mice (P<0.05). We also found that the activity of NADPH
oxidase is significantly higher in EPC from Mthfr +/- compared to +/+ mice.
Conclusion: Taken together, these results showed that mild H-Hcy attributable to
heterozygous Mthfr deficiency impaired EPC formation potentially via a ROS-
dependent mechanism, which may explain in part the endothelial dysfunction of small
mesenteric vessels in this mouse model of human disease.
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REMODELING OF THE UTERINE CIRCULATION DURING PREGNANCY:
DIFFERENTIAL EFFECTS OF HYPERTENSION VS NITRIC OXIDE INHIBITION

Osol G (George.Osol@uvm.edu)

Obstetrics and Gynecology, University of Vermont College of Medicine, Burlington,
VT, USA

Introduction: During pregnancy, uterine blood flow increases >10-fold in humans
and more than 50-fold in the rat through a process of arterial growth, remodeling and
vasodilation. The purpose of this study was to examine the effects of hypertension
and/or inhibition of nitric oxide on uterine vascular remodeling during pregnancy.
Methods: Using an established model of hypertension (NO inhibition with L-NAME)
in nonpregnant and late pregnant rats, comparisons were made to age-matched
nonpregnant and late pregnant controls. A fifth group of animals received hydralazine
along with L-NAME during pregnancy to prevent blood pressure elevation while
maintaining NO inhibition. Results: Pregnancy caused significant axial remodeling
as seen in the doubling of main uterine artery length, and a tripling in the length of
the smaller segmental arteries that connect the main uterine artery to the uterine
wall. Neither parameter was affected by hypertension/NO inhibition. L-NAME
treatment reduced main uterine artery diameter in nonpregnant animals, and
prevented the approximately 50% increase in diameter (circumferential remodeling)
observed in pregnant controls; co-treatment with hydralazine was without effect.
Smaller radial arteries from pregnant animals also underwent circumferential
expansion (+33%); this process was diminished in hypertensive animals and partly
restored by preventing hypertension with hydralazine. Conclusion: Based on the
effects of co-treatment with hydralazine, some of the adaptive changes in vessel
circumference observed in L-NAME-treated animals may stem from hypertension
rather than NO inhibition. Neither hypertension nor NO inhibition had any measurable
effect on arterial elongation, a process that occurs through mechanisms that have yet
to be identified, and that contributes significantly to uterine vascular resistance.



SMALL ARTERY REMODELLING IN HYPERTENSION: CAUSES,
CONSEQUENCES AND THERAPEUTIC IMPLICATIONS

Mulvany MJ (mm@farm.au.dk)

Pharmacology, University of Aarhus, 8000 Aarhus C, Denmark

Essential hypertension is treated primarily with a view to reducing blood pressure,
and not with regard to normalizing the main pathological changes: the peripheral
resistance and the cardiovascular structure. The aim of this presentation is to
suggest that normalization of the latter parameters, in particular resistance vessel
structure, may also be a target for therapy. The evidence for this is first the evidence
for altered structure of the resistance vasculature, an increase in the media:lumen
ratio of the vessels due to inward eutrophic remodelling.! Second the finding that the
abnormal structure can be rectified if the therapy causes vasodilation in the patient
concerned.? Thirdly altered small artery structure appears to have prognostic
consequences.® Fourthly, the cellular mechanisms which may be involved are
becoming clearer, and show that vasoconstriction in itself can cause inward
remodeling, and that this can be prevented by vasodilators.* These considerations
therefore provide clues for strategies that may be able to improve the outcome of
antihypertensive therapy. It is concluded that there is reasonably strong evidence
that a treatment which reduces peripheral resistance in the individual patient will,
apart from reducing blood pressure, also improve the abnormal structure.

1. Heagerty et al. (1993) Hypertension 21:391-397; 2. Mathiassen et al. (2007) J
Hypertens 25:1027-34; 3. Mathiassen et al, J Hypertens. 2007; 25:1021-26; 4.
Eftekhari et al. (2007) J Vasc Res 44:471-82.
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MINERALOCORTICOIDS MODULATE THE COMPOSITION OF THE VASCULAR
WALL IN HUMAN HYPERTENSION: MECHANISMS AND EFFECTS OF
TREATMENT

Schiffrin EL (ernesto.schiffrin@mcgill.ca)

Hypertension and Vascular Research Unit, Lady Davis Institute for Medical Research
and Department of Medicine, Sir Mortimer B. Davis-Jewish General Hospital, McGill
University, Montreal, QC, Canada

Mineralocorticoid-induced hypertension is associated with remodeling of small
arteries in experimental rodent models and in human hypertension. We investigated
the remodeling that occurs in mineralocorticoid hypertension and showed that it was
associated with hypertrophic small artery remodeling and endothelial dysfunction.
Aldosterone in vivo was shown to mediate some effects usually attributed to direct
effects of angiotensin Il. Interestingly, in vascular smooth muscle cells in vitro
aldosterone and angiotensin |l signaled through similar pathways. In vitro
aldosterone enhanced responses to angiotensin Il, and subthreshold concentrations
of aldosterone and angiotensin Il were able to induce responses of c-Src
phosphorylation and generation of NADPH oxidase-derived reactive oxygen species
but not of myosin light chain phosphorylation. In humans with essential hypertension,
treatment with the selective mineralocorticoid receptor antagonist eplerenone was
associated with reduced stiffness of the vascular wall and reduced circulating
inflammatory markers, but no significant change in lumen, media-to-lumen ratio or
cross-sectional area of the media of small arteries. Collagen/elastin ratio was
reduced by eplerenone treatment. In contrast, similar blood pressure reduction with
the beta blocker atenolol had no effect on these parameters but resulted in increased
stiffness of the vascular wall. We conclude that mineralocorticoids modulate the
composition of the vascular wall in human hypertension, and may do so by their
effects on fibrosis and inflammatory mechanisms mediated by various signaling
pathways including the generation of reactive oxygen species, in part by enhancing
effects of normal or even low concentrations of angiotensin |l.
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SMALL ARTERY INWARD REMODELING: ROLE OF TRANSGLUTAMINASES
AND INFLAMMATION

van Bavel E (e.vanbavel@amc.uva.nl); Pistea A; van den Akker J; Matlung H; Bakker
ENTP

Medical Physics, Academic Medical Center, University of Amsterdam, The
Netherlands

Introduction: The caliber of small arteries is tightly regulated to match the required
perfusion capacity. These arteries show inward remodeling in various forms of
hypertension and upon reduction of flow. Such remodeling frequently occurs by
rearrangement of existing wall material (cells, matrix) rather than by proliferation and
synthesis. We aim to unravel the mechanisms involved in such inward remodeling.
Methods: Using in vivo techniques (hypertension and flow restriction models),
cannulated vessels were kept in organoid culture, and cellular and molecular
approaches. Results: We found transglutaminases (Tgases) to be involved in inward
remodeling. These enzymes cross-link lysine and glutamine residues in various
intracellular and extracellular structures, acting as a ‘biological glue’. Evindence for
their role included in vivo and in vitro effects of blocking, upregulation and extrinsic
Tgases. Tgase 2 is the most ubiquitously expressed Tgase. Tgase 2 KO mice had
delayed inward remodeling but still formed cross-links, pointing at the involvement of
another Tgase, the coagulation factor XIll, produced in the wall by macrophages. In
the mesenteric bed, flow resriction caused upregulation of Th1, Th2 and anti-
inflammatory cytokines. The pattern of upregulation was comparable in the low flow
and the compensating high flow branch. Killing macrophages by clodronate
liposomes suppressed inward and outward remodeling, underlining the importance of
inflammation. Conclusion: We conclude that small artery eutrophic inward and
outward remodeling requires an inflammatory response, resulting in plasticity of the
vascular wall, followed by transglutaminase-dependent stabilization of the vessel to a
caliber driven by the vascular tone.

Supported by the Netherlands Heart Foundation.
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ESSENTIAL HYPERTENSION IS INITIATED IN RENAL MICROCIRCULATION,
FOLLOWED BY INCREASED CONDUIT ARTERY STIFFNESS TO EVENTUATE
IN RESISTANCE VESSELS

Plante GE (Gerard.E.Plante@USherbrooke.ca)'; Farand P'; Struijker-Boudier HAZ
Safar ME®

1. Pharmacology, University of Sherbrooke, Québec, Canada; 2. Pharmacology,
University of Maastricht, Netherlands; 3. Hotel-Dieu Hospital, Paris, France

Experimental and clinical data support the existence of two critical pre-disease morbid
events (PDME) in essential hypertension (EHTA). The human kidneys receive 25% of
cardiac output, the highest relative organ blood flow in the body (ml/min/100 g tissue
proteins). It is likely that even a small reduction (short, but of repeated duration) in the
number of open capillaries in the glomerular or renal tubular mass microcirculation, is
associated with elevation of interstitial pressure and an increase in endothelial permeability
to fluid and macromolecules caused either directly or indirectly by an imbalance in sodium
levels. Because of its limited capacity to expand, due to a relatively rigid capsule,” this organ
is likely to elicit backward elevation of hydrostatic pressure (reflection wave), mainly above
the diaphragmatic section of the aorta. This phenomenon has been demonstrated in the
spontaneously hypertensive rat (SHR), a classic model of EHTA, and found to be bradykinin
B2 (BK-B2) receptor-dependent. Furthermore; 1. selective endothelial renal albumin
leakage is observed in 4wk old rats before elevation of blood pressure,? an event likely
associated with increased interstitial pressure and capillary (collapse) rarefaction (PDME-1);
and 2. in other studies, this phenomenon has been reported to raise the reflection wave in
the thoracic aorta.® The latter stress imposed on large conduit arteries alters the structure
and function of luminal endothelial cells, and increases fluid filtration across this barrier, likely
also additionally into the media with its macromolecular structure (proteoglycans), being
associated with altered vessel wall rigidity.* Of interest, is the recent demonstration of
another BK-B2-dependent phenomenon, whereby contraction of a subpopulation of circular
aortic smooth muscle is increased in the 4wk old SHR.? The above-mentioned events are
well known to be associated with arterial wall stiffness characterized by elevation of pulse
wave velocity (PDME-2). Aging and systemic vascular calcification, particularly in
association with the metabolic syndrome, another essential morbid condition, and with renal
failure, are also accelerated in patients with EHTA. PO4 and Ca®* penetration across the
aortic luminal endothelium represent critical additional features that contribute to arterial
calcification:® in particular when high blood pressure is established, following PDME-1 and
PDME-2. Finally, recent electron microscopic studies support the potential role of the medial
elastic lamina in the aortic stiffness process, because of its circular tissue position,
perpendicular to the direction of blood flow,” as is the arrangement of the vascular smooth
muscle subpopulation referred to above. In conclusion, it is reasonable to propose that non-
invasive approaches to detect both PDME identified phenomena, capillary rarefaction,
measurable by skin capillaroscopy, and large artery stiffness, detected by pulse wave
velocity, should help in the early diagnosis of PDME, and lead to non-pharmacological
and/or pharmacological measures to prevent and/or cure EHTA.

1. J Clin Invest (1968) 7:1696; 2. J Clin Invest (1992) 89:2030; 3. J Am Coll Cardiol
(2001) 37:975; 4. Hypertension (2001) 38:1172; 5. J Hypertension (2004) 22:S200.
6. J Am Soc Hypertension (2007) 1:169; 7. Microvasc Res (2007) 73:95.
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SO WHAT IS WRONG WITH MY MOUSE MODEL?

Matthaei Kl (Klaus.Mathaei@anu.edu.au)

Stem Cell & Gene Targeting Laboratory, Molecular Bioscience, The John Curtin School
of Medical Research, The Australian National University, Canberra, ACT Australia

Introduction: The use of genetically manipulated mice in medical research has
become the premier tool in understanding gene function (and dysfunction) in vivo.
Moreover for some time it has been known that there are a number of limitations that
can affect the outcome. These include strain variation, embryonic lethality,
redundancy, “position effect” and many others.”? Methods: To overcome some of
these problems mice are generated were the target gene is flanked by specific DNA
sequences (LoxP sites) that are recognised by an enzyme (Cre: causes
recombination) that is then capable of removing the DNA between the sites and
thereby inactivating the gene of interest. Ideally a mouse is generated by
homologous recombination in which the gene of interest has a specific exon flanked
by LoxP sites and introduction of the LoxP sites does not interfere with normal gene
function. This mouse is then crossed to another transgenic mouse carrying the Cre
recombinase driven by a tissue specific promoter to allow tissue and temporal
specific deletion. This method is widely accepted as the best currently available to
study gene function. Results and Conclusions: However, more recently totally
unexpected “epigenetic’ effects can be seen in nontransgenic offspring that are
produced from transgenic parents. These animals exhibit the same phenotype as
their transgenic littermates, in the absence of the transgene in their genome.
Surprisingly, they include the deletion of DNA between LoxP sites in animals that do
not carry the gene for the Cre recombinase enzyme. The use of nontransgenic
littermates as controls in transgenic experiments may therefore be inappropriate
without careful comparison to wild-type mice. Moreover this finding has profound
implications for the interpretation of transgenic experiments and suggests that all
transgenic experiments may not be as simple as first thought. Indeed findings such
as these may provide insights into the “inexplicable” results obtained with some
mouse models where the data does not fit the paradigm.

1. Matthaei Kl (2004) Handbook of Stem Cells, Volume 1: Embryonic Stem Cells,
Elsevier Academic Press. pp. 589-598; 2. Matthaei Kl (2007) J Physiol 582:481-88.
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AN ISSUE OF CULTURE: COMPARISON OF VASCULAR ENDOTHELIAL AND
SMOOTH MUSCLE CELL COCULTURE AND THE INTACT VESSEL STATE

Sandow SL (Shaun.Sandow@unsw.edu.au)

Pharmacology, School of Medical Sciences, University of New South Wales, Sydney, Australia

Introduction: Cell culture has been integral for elucidating many fundamental
aspects of the signal transduction mechanisms associated with cellular and tissue
function. In this regard, it is critical that observations from culture be considered with
caution in terms of their relevance to what occurs in intact tissue. For example,
studies of cocultured mouse aortic endothelial and smooth muscle cells have been
useful in elucidating mechanisms that may be involved in vascular endothelial-
smooth muscle (myoendothelial) signaling. However, what does this model
represent? Methods, Results & Discussion: Serial section ultrastructural studies
show that myoendothelial gap junctions (MEGJs) are absent in intact adult mouse
and rat aorta and that they are present in aorta from 14d male mice and in adult
ApoE knockout animals (n=4, each from a different animal; the developmental
observation being similar to the situation in the rat saphenous/femoral artery."?) In
cocultured mouse aortic endothelial and smooth muscle cells, MEGJs occur in
relatively high prevalence.®> The Cx43 make-up of such junctions contrasts with the
presence of Cxs37 and 40 at MEGJs in resistance vessels;* potentially reflecting
differences in the fundamental functional heterogeneity between conduit and
resistance vessels, or perhaps between intact vascular tissue and the (co)cultured
state. In this regard, it is unknown whether the Cx nature of MEGJs in coculture
reflects that of intact developmental and diseased aortic tissue. Of interest, in many
vascular beds the vasodilator endothelium-derived hyperpolarization (EDH)
mechanism is dependent on MEGJs,*® with correlative and concomitant modification
in development, ageing and disease. Indeed, the presence and absence of MEGJs in
aorta shows apparent correspondence with EDH-dependent vasodilation; this
mechanism being present in rat aorta of juvenile’ and disease models
(hypercholesterolemic, diabetic and hypertensive and with altered oestrogen levels),
but absent in healthy adult aorta.>' Conclusion: For use as a model of vascular
MEGJ coupling, cocultured mouse aortic endothelial and smooth muscle contacts
may reflect the state of the juvenile or diseased aorta, but it does not reflect the state
in the normal adult aorta. It is interesting that cocultured mouse aortic endothelial and
smooth muscle cells can form MEGJs and further studies are required to determine if
the cocultured mouse aortic model® reflects a state which occurs in intact tissue.

1. Sandow et al. (2002) Circ Res 90:1108-1113. 2. Sandow et al. (2004) J Physiol
556:875-886. 3. Isakson, Duling (2005) Circ Res 97:44-51. 4. Sandow, Tare (2007)
Trends Pharmacol Sci 28:61-67. 5. Griffith (2004) Brit J Pharmacol 141:881-903. 6.
Feletou, Vanhoutte (2007) Ann Med 39:495-516. 7. Martinez-Orgado et al. (1999) Life
Sci 64:269-277. 8. Wu et al. (1993) Clin Exp Physiol Pharmacol 20:405-412. 9. Endo et
al. (1995) Gen Pharmacol 26:149-153. 10. Kagota et al. (2000) Gen Pharmacol 34:201-
209. 11. Shimamura et al. (2000) J Smooth Muscle Res 36:33-46. 12. Matsumoto et al.
(2004) Can J Physiol Pharmacol 82:175-182. 13. Woodman, Boujaoude (2004) Brit J
Pharmacol 141:322-328. 14. Malakul et al. (2007) Clin Exp Phys Pharm. In Press.
doi:10.1111/j.1440-1681.2007.04811.
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PROSTAGLANDIN D, AND F;a CAUSE RAPID THROMBOXANE SECRETION IN
CULTURED RAT AORTA VASCULAR SMOOTH MUSCLE CELLS

Uracz W (miuracz@kinga.cyf-kr.edu.pl); Uracz D; Ptaskocinska M; Ludew D;
Budzynska R

Jagiellonian ~ University, Collegium  Medicum, Pharmacology, Molecular
Pharmacology, Grzegérzecka 16, Krakéw, Poland

Introduction: Atherosclerotic plaques are found in the circulation in blood vessels
containing smooth muscle cells in their wall. Inflammatory stimuli cause the induction
of cyclooxygenase 2 (COX-2) in endothelial cells. This induction coincides with
synthesis of primarily inflammatory PGs such as prostaglandin D, (PGD,) as well as
prostaglandin Fyq (PGF24). Methods: Using an explant technique we cultured rat
aorta vascular smooth muscle cells (VSMC) up to second passage. To mimic the
effect of endothelial prostaglandins on VSMC gene expression in these cells after
3 hours of stimulation, we used exogenous prostaglandins PGD, and PGFyq (5uM,
Cayman, USA). Subsequently, we used;

a) RT-PCR assay with primers for TXAz-synthase (GenBank accession no
D31798);

b) HRP-chemiluminescence immunoprecipitation of cytosolic proteins were done
according to Santa Cruz Biotechnology Inc. (USA) protocol and with rabbit polyclonal
anti-TXA; synthase as primary antibody (ab39362, abCAM, USA);

C) ELISA (R&D Systems, Inc., USA) to measure the functional gene expression
of thromboxane synthase i.e. thromboxane B, (TXB3) in VSCM supernatants.
Results: We found that exogenous PGD; and PGFy, rapidly induced thromboxane
A, synthase gene transcript and thromboxane A, synthase protein in VSMC. In PGD,
and PGF,, induced VSMC supernatants we detected TXB; (245 + 20 pg ml™). In
unstimulated VSMC no detectable amount of thromboxane synthase transcript and
protein was found and no TXB, was identified in their supernatants. Conclusions:
Primarily inflammatory PGD, and PGF,, induced rapidly thromboxane synthesis in
VSCM in mechanism of local auto/paracrine hormone secretion of these autocoids.
These data suggest that VSMC might be an additional source of thrombogenic
thromboxane A, in vascular wall. Therefore our findings support the hypothesis that
the development of atherosclerotic plaques in blood vessels containing VSMC can be
a result of local production of autacoids.
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MARKERS AND MEDIATORS OF THE VASCULAR COMPLICATIONS OF
DIABETES MELLITUS

Jenkins AJ (jenkinsa@medstv.unimelb.edu.au)

Medicine, University of Melbourne, St. Vincent's Hospital, Fitzroy, Vic., Australia

Diabetes mellitus may be complicated by micro- and macrovascular damage, the
earliest manifestation of which is thought to be endothelial dysfunction, resulting in a
leaky, pro-inflammatory, pro-coagulant, stiffer blood vessel with reduced dilatory
capacity. In spite of improved glycaemic, blood pressure and lipid control the
vascular complications of diabetes still occur at unacceptably high rates, and earlier
predictors of those at especially high risk and additional therapeutic targets are
required. Markers and potential mediators of diabetes complications are being
studied in cross-sectional and prospective analyses of groups of patients with Type 1
diabetes and healthy control subjects. In complication-prone patients relative to their
complication-resistant peers there were higher levels of inflammation, oxidative
stress, insulin resistance, and tissue AGE burden. Levels of the nitric oxide inhibitor
asymmetric dimethyl L-arginine (ADMA), which is emerging as a cardiovascular risk
factor, were increased in diabetic patients with vs. without complications. Vascular
elasticity was significantly lower and vascular resistance higher in those with
complications, and poor vascular health was related to increased tissue levels of
Advanced Glycation End-Products (AGEs). Similar results are seen in Type 1
diabetes. In model vascular cell systems diabetic lipoproteins and AGEs have been
demonstrated to induce pro-inflammatory and vasoconstrictory changes, and HDL
has impaired vasoprotective effects. Clinical observations and related laboratory
based studies using model vascular systems may facilitate understanding of the
mechanisms of diabetic vascular complications and additional therapies.
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ENDOTHELIAL DYSFUNCTION AND DIABETIC MICROVASCULAR DISEASE:
THE DEMISE OF NO ALONE OR DOES EDHF ALSO CHANGE?

Triggle CR (triggle@ucalgary.ca)'?*; Aljofan M"; Cheng Z-J?; Pannirselvam M>; Li Y?;
Hollenberg M>; Ding H"?

1. School of Medical Sciences, RMIT University, Melbourne, Victoria, Australia; 2.
Weill-Cornell Medical College, Qatar, Education City, Doha, Qatar; 3. Pharmacology
& Therapeutics, University of Calgary, Calgary, Alberta, Canada

Introduction: Endothelial dysfunction, as defined by a reduced vasodilator response
to either an endothelium-dependent vasodilator, or an impaired flow-mediated
vasodilation, is an early indication of the high incidence of cardiovascular disease
that is associated with diabetes. Hyperglycaemia in particular has been associated
with the development of diabetes-associated vascular disease and thus the acute
effects of glucose were explored in the current study. Methods: First and second
order small mesenteric arteries (SMA) were isolated from C57, db/db and TallyHo
diabetic mice for studies of acetylcholine or bradykinin-mediated vasodilatation. The
effects of high glucose on mouse microvascular endothelial cells (MMECSs) in culture
were also investigated. Results: Normal endothelial function was evident in SMA
from db/db until post 8 weeks of age after which endothelial dysfunction developed
rapidly in association with elevated levels of blood glucose. In an acute model
(diazoxide-induced) of hyperglycaemia endothelial dysfunction was seen within 4
days of glucose elevation. A decrease in the bioavailability of NO was the primary
contributor to the development of endothelial dysfunction; however, evidence that the
pharmacological properties of EDHF may change in diabetes was provided by data
indicating that iberiotoxin significantly inhibited both the acetylcholine- and
bradykinin-mediated contribution of EDHF to maximum relaxations in SMA from
db/db, but not control, mice. The data from studies with MMECs indicate that
exposure to glucose levels equivalent to those seen in 12-16 week db/db mice (40
mM) rapidly induces changes in expression of p22phox, eNOS and SOD1 and 3.
Sepiapterin not only improved endothelium-dependent vasodilatation in SMA from
diabetic mice, but also prevented glucose-induced changes in MMECs.
Conclusions: Glucose-induced changes in endothelial function are linked to an
uncoupled eNOS, enhanced NADPH oxidase and decreased SOD activity. Although
the contribution of EDHF to endothelium-dependent vasodilation is maintained in
diabetes, at least in the db/db mouse, the properties of the EDHF-mediated response
appear to be modified.
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ENDOTHELIAL DYSFUNCTION AND VASCULAR DISEASE: EDCF REVISITED

Vanhoutte PM (vanhoutt@hkucc.hku.hk)

Pharmacology, University of Hong Kong, Hong Kong, China

Endothelial cells can initiate contraction (constriction) of the vascular smooth muscle
cells that surround them. Such endothelium-dependent, acute increases in contractile
tone can be due to the withdrawal of the production of nitric oxide, to the production
of vasoconstrictor peptides (angiotensin Il, endothelin-1), to the formation of oxygen-
derived free radicals(superoxide anions) and/or the release of vasoconstrictor
metabolites of arachidonic acid. The latter have been termed endothelium-derived
contracting factor (EDCF) as they can contribute to moment-to-moment changes in
contractile activity of the underlying vascular smooth muscle cells. To judge from
animal experiments, EDCF-mediated responses are exacerbated by aging,
spontaneous hypertension and diabetes. To judge from human studies, they
contribute to the blunting of endothelium-dependent vasodilations in aged subjects
and essential hypertensive patients. Since EDCF causes vasoconstriction by
activation of the TP-receptors on the vascular smooth muscle cells, selective
antagonists at these receptors prevent endothelium-dependent contractions, and
curtail the endothelial dysfunction in hypertension and diabetes.
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EFFECTS OF EXERCISE ON ENDOTHELIAL FUNCTION IN THE DB/DB TYPE 2
DIABETIC MOUSE

Ghosh S; Moien-Afshari F; Khazaei M; Laher | (ilaher@interchange.ubc.ca)

Pharmacology and Therapeutics, University of British Columbia, Vancouver, Canada

Introduction: In many instances, cardiovascular complications associated with
diabetes will already have begun by the time a diagnosis is made. Diabetes is a
strong risk factor for the development of atherosclerosis in the coronary, carotid and
peripheral arterial vasculatures. Endothelial dysfunction is one of the earliest events
that occur in the development of diabetic cardiovascular disease. Lifestyle changes
are the initial steps in management of diabetes, a strategy supported by many clinical
studies showing that lifestyle changes such as weight loss and regular exercise are
frequently as effective as pharmacological treatment. Although lifestyle changes are
frequently prescribed, little is known of the cellular mechanisms by which vascular
benefits occur. Methods & Results: Our studies in the coronary artery and aorta of
the db/db mouse examined the hypothesis that weight loss and exercise
independently produced unique molecular mechanisms. Five week old male control
(WT) and diabetic (db/db) mice were divided into the following groups (n=7-10):
sedentary or exercise (low-level: no weight loss or moderate-level: ~10% weight
loss). Exercise, regardless of any accompanying weight loss, improved endothelial
function in both the coronary artery and aorta. Moderate-intensity exercise lowered
body weight and increased mitochondrial MnSOD while the low-intensity exercise
upregulated Cu/Zn SOD. Both exercise protocols improved NO bioavailability without
altering the hyperglycemic status or lipid profiles in db/db mice. The total and
phosphorylated (Ser1177) endothelial nitric oxide synthase (eNOS) protein
expression levels were also equally improved by both levels of exercise, as were
markers of whole body oxidative stress (plasma 8-isoprostane) and tissue oxidative
stress (nitrotyrosine immunostaining or protein carbonyl levels in the aorta).
Conclusion: Exercise reverses diabetic vascular endothelial dysfunction
independent of changes in body weight or metabolic parameters. Our data suggests
that upregulation of SOD and eNOS expression, coupled with an improved NO
bioavailability mediates exercise induced improvements in endothelial dysfunction in
type 2 diabetes.

Supported by the Heart and Stroke Foundation of Canada.
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ACTIVATION OF ENDOTHELIAL Ca*-ACTIVATED POTASSIUM CHANNELS
CAN IMPROVE ENDOTHELIAL FUNCTION IN ARTERIES FROM DIABETIC RATS

Plane F (fplane@pmcol.ualberta.ca / Francesplane@gmail.com)

Pharmacology, University of Alberta, Edmonton, Canada

Introduction: Resistance artery diameter is a primary determinant of blood flow and
blood pressure, and is thus highly regulated. Vascular endothelial cells play a critical
role in this process by influencing the contractile state of the surrounding smooth
muscle cells via release of diffusible factors, such as nitric oxide (NO), and by direct
electrical coupling of endothelial and smooth muscle cells via myoendothelial gap
junctions. Endothelial dysfunction, manifest as an inability of blood vessels to dilate
appropriately, is central to the pathophysiology of cardiovascular diseases which are
the principal cause of morbidity/mortality in diabetic patients. Activation of endothelial
Ca**-activated potassium (Kca) channels plays a key role in endothelium-dependent
modulation of resistance artery diameter mediated by both NO-dependent and -
independent pathways. We have tested the hypothesis that activation of endothelial
intermediate conductance Kca channels (IKca) by 1-ethyl-2-benzimidazolinone (1-
EBIO) can improve endothelium-dependent relaxation to acetylcholine (ACh) in
arteries from Streptozotocin-treated (STZ) diabetic rats. Methods: Rats were given
STZ (100 mgkg™; i.v.) 8-14 days before sacrifice. Plasma glucose measurements
using blood from the tail vein were used to confirm diabetic and only animals with
blood glucose levels >20 mmol "' were used. Basilar and mesenteric arteries were
mounted in a wire myograph as previously described.” Results: Relaxations to ACh
(1 nM-30 pM) were significantly depressed in both basilar and mesenteric arteries
from diabetic STZ rats (n=5-6). In contrast, endothelium-dependent relaxations to 1-
EBIO (1-300 uM) were maintained in the same vessels indicating that endothelial K¢,
channels remain functional. Quantitative RT-PCR showed no differences in
expression of message encoding IKca1 or SKca1-3 in basilar and mesenteric arteries
from STZ rats versus controls. These findings together indicate that alterations in
expression of Kca channels cannot account for reductions in relaxation to ACh in
arteries from STZ rats and suggest changes in their activation. Application of a low
concentration of 1-EBIO (5 yM) significantly enhanced ACh-evoked relaxations in
both basilar and mesenteric arteries from control rats and restored ACh-stimulated
responses of arteries from STZ rats. In the presence of 1-EBIO, ACh-evoked
relaxations of basilar arteries were blocked by L-NAME indicating that activation of
endothelial K¢, channels may restore NO production in this vessel. In contrast, ACh-
evoked relaxations of mesenteric arteries in the presence of 1-EBIO were only
partially attenuated by L-NAME indicating that activation of endothelial K¢, channels
may restore both NO-dependent and —independent relaxation in this vessel.
Conclusion: These data indicate that activation endothelial K¢, channels may
significantly improve endothelium-dependent relaxation in arteries from STZ-treated
diabetic rats, Thus, these channels may represent a novel target for the development
of therapeutic strategies to abrogate the multiple consequences of endothelial
dysfunction in diabetes.

1. Allen T, Iftinca M, Cole WC, Plane F (2002) J Physiol 545:975-86.
Supported by CIHR.
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RISK FACTORS, OXIDATIVE STRESS, ENDOTHELIAL CELL DYSFUNCTION
AND SENESCENCE
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Introduction: Risk factors for cardiovascular diseases (CVD) promote endothelial cell
(EC) dysfunction. We hypothesized that an unbalanced redox environment contributes to
EC dysfunction by promoting reparative EC turnover: this would lead to premature
replicative senescence. The accumulation of senescent EC would gradually lead to
endothelial dysfunction and favour atherosclerosis. Methods: In wild type (WT) and
severely dyslipidemic (DL) mice developing atherosclerosis with age, we tested the effects
of a chronic treatment with the polyphenol catechin (30 mg/kg/day) either from the age of
3-12 mths (primary prevention) or from the age of 9-12 mths (secondary prevention) on
the endothelium-dependent dilation, gene expression and endothelial splenocyte
adhesion. We also investigated the molecular pathways of senescence of ECs in
resistance arteries isolated from coronary artery by-pass graft (CABG) surgical patients.
These patients have at least 3 risk factors for CVD, including dyslipidemia, hypertension,
diabetes, obesity or smoking. Result: A chronic antioxidant treatment had beneficial
effects in WT mice. This vasculo-protection was better when the treatment was initiated at
9mths of age which contrasts with the harmful effects of this late secondary preventive
approach in DL mice. That is while primary prevention minimized plaque formation,
protected the endothelial function and limited splenocyte adhesion, late secondary
prevention was deleterious. Endothelium-dependent dilations were impaired and
splenocyte adhesion increased. In human EC, the longer the history of the CVD, the
earlier EC entered senescence in culture. In addition, initial short telomere length predicted
an early replicative senescence. Senescence nonetheless, was associated with a rise in
oxidative stress markers such as HNE, a marker of lipid peroxidation, and caveolin-1
expression, which over-expression induces stress-induced senescence (SIS). Telomere-
driven replicative senescence was, however, not observed in smokers: rather, SIS was
involved. These patients underwent CABG ten years younger than the non-smoker
patients, and telomere length was dissociated from the kinetic of senescence. Antioxidant
capacities were lost in EC from these patients in contrast to non-smoker patients.
Conclusions: In the absence of risk factors for CVD, the endothelial dysfunction that
develops with age is reversible. In contrast, DL hastens this dysfunction and can be
prevented by catechin. This approach is however deleterious in secondary prevention and
may explain the lack of success of antioxidant therapies in the clinical setting. ECs from
patients undergoing CABG surgery have a significant antioxidant reserve and the time-
dependent accumulation of damages has led to reparative EC turnover and consequently
to the attrition of the telomeres, driving replicative senescence rather than SIS. Only in
smokers did we demonstrate a total loss of the antioxidant reserve and consequently, SIS.
Our results demonstrate that the redox environment is an important regulator of EC
function. We propose that un-buffered bursts of free radical release lead to the build up of
damages and it is only in the extreme conditions associated with smoking that perturbs the
redox balance enough to become toxic and lead to stress-induced senescence, which is
associated with a 10 yr premature loss of coronary flow.
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SIMULTANEOUS IN VIVO DETERMINATION OF TISSUE PERFUSION,
ARTERIAL BLOOD PRESSURE AND PERIPHERAL VASCULAR RESISTANCES
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Introduction: The dynamic determination of peripheral vascular resistances requires
simultaneous determination of organ perfusion and systemic arterial blood pressure
(BP). We developed a new Nuclear Magnetic Resonance (NMR) method to measure
systolic and diastolic BP in small animals and we combined this method with the
measurement of tissue perfusion by NMR-Imaging with Arterial Spin Labeling
technique (NMRI-ASL). This allowed the calculation of local peripheral resistance in
vivo exclusively from data sets acquired non-invasively. As a first example of
application, we measured the vascular resistances in skeletal muscle of type-2
diabetic mice. Methods: Experiments were performed on a Bruker Biospec 4T NMR
system using a custom-developed setup adapted to small animal investigations. The
NMR method to determine systolic and diastolic BP is based on the
sphygmomanometric principal: The caudal artery of the investigated rodent was
subjected to an external pressure from an air cuff applied to the tail base. Arterial
inflow signal was collected by single-slice dynamic NMR angiography and analyzed
by reference to air pressure in the tail cuff. In rats, our method was compared to
three standard techniques: one indirect by tail air cuff, two invasive by carotid
catheterization, acutely, and with chronic telemetry. Tissue perfusion quantification in
gastrocnemius muscle of rats or mice was performed with a NMR sequence
combining fast imaging with ASL". It uses magnetically-labeled blood water as an
endogenous tracer to quantify perfusion. Results: Correlations between NMR and
standard arterial pressure values from 30 comparisons (in mmHg) was:
Pnvr=0.98XPstangarat3, R?=0.94 with a bias of 5£2 mmHg (P<0.05). As an example of
application, comparisons of hemodynamics parameters in calf of 10wk old male
diabetic (C57BI6 db/db’) and control (C57BI6 db/db*) mice are given in Table.

Table. Arterial BP’ Calf systolic BP | diastolic B | mean BP | tissue perfusion | wascular resistances
mUSCIG_ perfUSI()n rirHyg ralmin' 100g" | mmHg. min. 100g. el
determined by NMR and b [ . G b oag” 13.4152"
calculated vascular —12

resistances at rest in db/db | =iy | | B | B b R
mice vs. control. *P<0.04, Student test

Conclusion: We were able to measure non-invasively local tissue perfusion, systemic
BP and determine the corresponding vascular resistances in small animals during the
same NMR examination. As an in vivo application, we showed that peripheral vascular
resistances were increased in the skeletal muscle of type-2 db/db mice, as expected
according to a previous study®. This new NMR method can be used to explore
dynamically and non-invasively microcirculation control in various rodent models.

1. Raynaud JS et al. (2001) Magn Reso Med 46:305-311; 2. Bagi Z et al. (2005)
Arterioscler Thromb Vasc Biol 25:1610-16.
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MODEL SYSTEMS RELEVANT TO DIABETES COMPLICATIONS:
INVESTIGATING THE EFFECTS OF LIPOPROTEINS AND ADVANCED
GLYCATION END-PRODUCTS (AGES) ON OXIDATIVE STRESS
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Despite advances in treatment, vascular complications remain a major cause of
increased morbidity and premature mortality in diabetes. Patients with diabetes often
have small, dense, more atherogenic low-density lipoprotein (LDL) particles, elevated
triglycerides and low levels of vasoprotective high-density lipoproteins (HDL), all of
which may promote CVD. Diabetes also increases the levels of circulating molecules
that can adhere to the vascular wall and are pro-inflammatory. Altered adhesion
between leukocytes and the vascular endothelium in diabetes may be an early event
in vascular damage. Endothelial permeability is regulated, in part, by the actin
cytoskeleton of the cell, which is involved in integrin signalling, and plays a major role
in determining the mechanical properties of living cells, enabling them to migrate,
divide or maintain shape. Vascular endothelial dysfunction and damage are
recognized as initiating atherosclerotic events, with endothelial cell dysfunction
possibly occurring due to changes in NAPDH oxidase and eNOS due to
hyperglycaemia. Oxidative stress is also thought to promote CVD, diabetic
microvascular complications and aging. Prior to clinical trials of novel therapeutics ex
vivo, in vitro and mechanistic studies are appropriate. Atomic Force Microscopy
(AFM), intracellular ROS and NADPH responses in vascular cells are relevant test
tools. Ongoing studies investigate the effects of HDL, LDL and AGEs on cultured
vascular endothelial cells. To investigate whether lipoproteins influence vascular
ROS generation, cultured aortic endothelial cells were exposed to well-characterized,
purified (modified and unmodified) human lipoproteins and in vitro AGE modified
albumin. Intracellular ROS was measured using 2’,7’-dichlorofluorescence diacetate
(DCF-DA) fluorescence and analysed using a microplate reader. Isolated LDL,
oxidized LDL and HDL, did not induce ROS, however, HDL admixture with LDL and
oxidized LDL suppressed ROS generation. Albumin, a known anti-oxidant
suppressed ROS generation but AGE-modified albumin increased ROS. NADPH
oxidase activity was accessed through NADPH-stimulated superoxide using
lucigenin-enhanced chemiluminescence. To analyse cytoskeletal characteristics of
endothelial cells, cultured cells (passages 3-8) were treated with actin disrupting
chemicals, cytochalasin D, lutrunclin A and jasplakinolide, and imaged on the AFM.
Cells were also stained with phalloidin and analysed on a confocal microscope to
further observe effects of actin filament disruption by the treatment chemicals.
Treatment of cultured cells with cytochalasin D and latrunculin A caused a
concentration-dependent decrease in F-actin with phalloidin staining. AFM images
demonstrated loss of cytoskeletal structure. Investigating the expression of various
markers of oxidative stress, endothelial dysfunction and cytoskeletal rearrangement
will improve understanding of the biochemical/biophysical events underlying CVD
and facilitate development of novel therapeutics.
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CHRONIC ANTIOXIDANT THERAPY PREVENTS MOUSE CEREBRAL
ENDOTHELIAL DYSFUNCTION ASSOCIATED WITH DYSLIPIDEMIA AND
IMPROVES COGNITIVE FUNCTIONS
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Introduction: In the cerebral circulation, the endothelial dysfunction observed in
cardiovascular diseases has been associated with an excess in free radical formation,
especially superoxide. We hypothesized that a chronic treatment with the antioxidant
catechin would prevent endothelial dysfunction and improve cognitive functions in
dyslipidemic mice. Method: We used 3 and 6 month-old male severely dyslipidemic
mice (LDL receptor knockout and expressing the human apoB-100; DL). Catechin (30
mg/kg/day) was added in the drinking water from the age of 3 months. The Morris
water maze test was used to evaluate the learning and memory functions. Posterior
cerebral arteries (mean diameter 110 ym) were isolated and pressurized at 60 mm Hg
in a pressure myograph containing an aerated physiological salt solution (12% O, 5%
CO; and 83% Ny; pO2= 150 £ 10 mm Hg, pH 7.4). Endothelium-dependent dilations to
acetylcholine (ACh, 0.1nM to 30uM) were obtained in vessels pre-constricted with
phenylephrine (30 uM) and reported in percentage of the maximal diameter. Results
are expressed as mean + SEM of n=6 to 8 mice. Results: ACh-induced dilation
declined from 38 £ 4% at 3 months to 17 + 2% at 6 months of age (P<0.05). Catechin
however, improved the endothelium-dependent dilation at 6 months (31 + 3%; P<0.05;
Fig. 1A). eNOS inhibition with N-nitro-L-arginine (L-NNA, 10 uM), significantly reduced
endothelium-dependent dilation in 3 month-old mice (13 + 4%; P<0.05) while it had no
effect on ACh-induced dilation of 6 month-old mice (18 £ 2%). Catechin restored eNOS
function at 6 months: L-NNA reduced the endothelium-dependent dilation induced by
ACh (9 £ 1%; P<0.05). Finally, cognitive functions were improved by catechin after 3
months of treatment (Fig. 1B). Conclusion: Treatment with the polyphenol catechin
increases cerebrovascular endothelium-dependent dilations and improves cognitive
functions in 6 month-old mice with severe dyslipidemia.
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Figure 1. Effect of cathecin treatment (CAT) in dyslipidemic mice on: (A)
endothelium-dependent dilation to ACh and (B) cognitive functions. * P<0.05 vs
Control.
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ENDOTHELIUM-DERIVED CONTRACTING FACTOR IN THE HAMSTER AORTA
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Endothelial dysfunction is associated with the increased production and release of
endothelium-derived contracting factors (EDCFs), whose identity is still poorly
defined due to their heterogeneity in different vascular beds and species. We have
recently demonstrated the essential role of cyclooxygenase (COX)-2 in endothelium-
dependent contractions in young healthy hamsters. COX-2 is mainly constitutively
expressed in endothelial cells and COX-2 inhibitors with different chemical structures
abolish COX-2-dependent vasocontraction. The aim of the present study was to
identify the possible EDCF candidate(s). Solutions that bathed the aortae in the
presence of L-NAME (plus inhibitors) and acetylcholine were collected and assayed
for the amount of COX-2-dependent arachidonic acid metabolites released. The
levels of six prostanoids, or their derivatives were measured by enzyme
immunoassay (EIA) kits and they include prostaglandin (PG) F»,, PGE,, PGD,, 6-
keto PGF 44 (for PGI;), thromboxane (TX) B (for TXA2) and 8-isoprotanes. Among the
six assayed prostanoids, only the release of PGF,, and PGl, evoked by acetylcholine
was inhibited or abolished by treatment with celecoxib (a specific COX-2 inhibitor) or
2-APB (a non-selective cation channel blocker), but not by valeryl salicylate (a
specific COX-1 inhibitor). To confirm the role of PGF,, and PGl; as EDCFs, isometric
force measurement was performed on aortic rings in the presence of L-NAME. Only
did exogenous PGFyq elicit vasoconstriction at a concentration that corresponded to
the amount released endogenously. By contrast, PGl failed to trigger any contraction
per se, even at a concentration 50 times higher than the one detected in. In
summary, the present results show that PGF2a, the COX-2 derived prostanoid, acts
as a physiological EDCF in the hamster aortae. Since the lipid profile of hamster
resembles that of human, the present findings may suggest hamster as a useful
model for studies in relation to COX-2-mediated vascular complications and
dyslipidemia.
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EFFECTS OF HYPERGLYCEMIA ON THE MODULATION OF VASCULAR
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Introduction: Diabetes is often associated with obesity. Several studies have shown
the presence of endothelial dysfunction due to hyperglycemia in diabetes. We have
recently shown that perivascular adipose tissue (PVAT) function is altered in rat
models where body fat content was either increased or decreased. Here we studied
the acute and chronic effect of hyperglycemia on PVAT function in rat aorta.
Methods and Results: Incubation of aorta with intact PVAT with 22 mM D-glucose
for 30 min caused an attenuation of contraction in response to phenylephrine (PHE),
both in the presence and absence of endothelium, whereas removal of PVAT
eliminated this attenuation effect. Incubation of aorta with 22 mM D-glucose for 30
min did not affect the relaxation property of the vessel in response to
carbamylcholine (CCh). In diabetic rats induced by streptozotocin (STZ) injection and
studied six weeks after STZ injection, the presence of PVAT did not affect
concentration-related relaxation response of the aorta to CCh in both STZ and
control rats. There was also no difference between the relaxation response of the
aorta to CCh between STZ and control rats. The presence of PVAT however, caused
a higher attenuation of the concentration-dependent contraction to PHE and
serotonin in aorta from STZ rats as compared with that from control rats. Transfer of
incubating solution from aorta with intact PVAT (donor) to vessel with PVAT removed
(recipient) caused a similar relaxation response in aorta precontracted with PHE in
STZ and control rats. However, cross-transfer of control donor solution to STZ
recipient vessel caused less relaxation (27%) as compared with 35% in STZ donor to
control vessel recipient. Lumen diameter of thoracic aorta was similar between STZ
and control rats. Medial thickness and cross-sectional area of PVAT were smaller in
STZ rats as compared with controls. Cross-sectional area of aortic PVAT was
reduced, and adipocytes were smaller in STZ rats as compared with control rats.
Conclusion: We conclude that that both under acute and chronic conditions,
hyperglycemia enhanced the relaxation property of the factors released by PVAT.
Endothelium-mediated relaxation property in response to CCh and to the relaxation
factor released by PVAT was not altered. We suggest that these changes are integral
part of changes associated with the presence of hypotension in this type-1 model of
diabetes.
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Introduction: Recent studies have shown that perivascular adipose tissue (PVAT)
attenuated arterial contraction through the release of PVAT-derived relaxation factors
(PVRF). We have also shown that PVRF act through an endothelium-dependent and
—independent mechanisms. However, all the available information about PVRF is
from arteries, and the function of PVAT around veins has not been examined. There
is a significant amount of PVAT surrounding the vena cava, and smooth muscle cells
in vena cava are known to maintain its vessel tone for efficient blood flow to the
heart. The purpose of this study was to examine the role of PVAT in modulating
vascular function in the vena cava. Methods: Vena cava rings from adult Wistar rats
were used for functional studies. These rings were prepared with both PVAT intact
(PVAT+) and PVAT removed (PVAT-). Results: Contractions to phenylephrine, U
46619, and 5-HT were significantly attenuated in PVAT+ as compared with PVAT-
vena cava. In bioassay experiments, transferring the bathing solution that was used
to incubate a PVAT+ ring (donor) to a PVAT- ring (recipient) induced a direct
relaxation in the recipient vessel. The use of nitric oxide (NO) synthase inhibitor
N(omega)-nitro-L-arginine (L-NNA), NO scavenger 2-phenyl-4,4,5,5-
tetramethylimidazoline-1-oxyl-3-oxide (carboxy-PTIO) and potassium channel blocker
4-aminopyridine (4-AP) showed that PVRF was acting through the voltage-
dependent potassium channels and involved the release of NO. Conclusion: We
conclude that PVAT around the vena cava attenuates agonist-induced contraction by
releasing PVRF. PVRF stimulates endothelial NO release and NO activates voltage-
dependent potassium channels in vascular smooth muscle to cause a relaxation
response.
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Introduction: It is generally believed that endothelial dysfunction is a hallmark of
preeclampsia (PE) and as such confers the major clinical manifestations of this
syndrome - hypertension and proteinuria. Functional studies however, are
inconsistent with the severity of endothelial dysfunction, which is likely to be vascular
bed dependent and thus heterogeneous in regards to altered endothelium-dependent
mechanisms. We aimed to compare endothelium-dependent dilation between small
subcutaneous and myometrial arteries from normal pregnant (NP) women and
women with PE. The contribution of different pathways (i.e. NO vs. EDHF) in
endothelium-dependent relaxation to bradykinin (BK) and the role of myoendothelial
gap junctions (MEGJs), H,0,, CYP450 metabolites were also assessed and the
presence of MEGJs and several connexin (Cx) subtypes in human arteries were
examined. Methods: Isolated arteries (~200 um) from myometrial and subcutaneous
fat biopsies were mounted in a wire myograph system or prepared for transmission
electron microscopy or immunohistochemistry (Cx37, Cx 40, Cx 43). Concentration
response curves to BK (1 nM-3 uM) were obtained before and after incubation with
inhibitors relevant for EDHF-type responses. To elucidate the contribution of gap
junctions to EDHF-type responses we applied either 18-a-glycyrrhetinic acid (18-
aGA, 100 puM) or connexin mimetic peptides (CMPs) - *"**Gap27, *°Gap27 and
$Gap26 (300 uM of each). Results: In subcutaneous arteries the overall responses
to BK were similar between PE and NP; although the contribution of EDHF was
significantly reduced in PE (512 for PE vs. 604 for NP P<0.05). In myometrial
arteries both the overall response to BK (79+4 for PE vs. 98+1 for NP P<0.05) and
the contribution of EDHF (4715 for PE vs. 76t4 for NP P<0.05) were reduced. Thus,
PE had a more detrimental influence on endothelium-dependent dilatation in
myometrial arteries. In both myometrial and subcutaneous arteries MEGJs conferred
the main pathway for EDHF in NP. Since we did not find any differences between the
actions of 18-aGA and CMPs on EDHF-type or SNP and pinacidil induced responses
in subcutaneous arteries from NP, we further utilised18-aGA. In PE, the contribution
of MEGJs to EDHF-type responses was reduced in both subcutaneous (response to
3 UM of BK after 18a-GA: 3316 for PE vs. 2013 for NP P<0.05) and myometrial
arteries (45+10 for PE vs. 1818 for NP P<0.05). The presence of MEGJs in
myometrial and subcutaneous arteries and expression of all Cx subtypes in
subcutaneous arteries were confirmed. In addition, we have also identified H,O, and
CYP450 metabolites as vascular bed specific factors involved in the EDHF-type
responses in PE, which might either serve as an alternative or complementary
pathway to MEGJs. Conclusion: Vascular bed specific alterations in endothelium-
dependent dilatation exist in small arteries from women with PE. EDHF-type
responses via MEGJs may serve as the most susceptible component in this
hypertensive gestational syndrome.
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Introduction: Resistance arteries play a significant role in the control of blood
circulation. In the present study, resistance artery function in the human hand was
monitored with a noninvasive test. Methods: An original non-invasive technique was
used to investigate the functional state of resistance arteries. We studied 60 patients
with microangiopathy (20 patients with type 1 diabetes, 20 with type 2 diabetes and
Raynaud’s Phenomenon). An ultrasound Doppler device (type Lirmira, 8.4, Germany)
with a frequency of 4 MHz was used to measure blood flow velocity and hence
resistance. The transducer was fastened to the wrist of the test subject and initial
blood flow velocity was recorded in the radial artery. Following this, blood flow was
measured during a one-minute stop flow (when the brachial artery was compressed),
and subsequently when flow was restored and reactive hyperemia had developed.
Data was analyzed using the texture analysis system, TAS-plus (Leitz, Germany).
The resistance index indicates the relationship, as a measure of the area under
curve, between the time interval (t4) during normal blood flow compared to the same
time interval (t2) during post-ischemic hyperemia. Hence, t1 = t,=t, where t is the time
taken for the blood flow to return from its increased post-ischemic level to its initial
value. Given that systemic arterial pressure level remained constant during the
closure of the feed artery (lasting 1 minute), the observed changes to blood flow in
the radial artery were only dependent on the functional state of peripherally located
resistance arterioles. Results:

. Control type type Il | Raynaud’s
Disease group diabetes diabetes Phenomen
mﬂjtance 0.43282 0.720.043 | 0.5620.062 | 0.8220.047
P <0.001 <0.001 <0.001

Conclusion: Although the patients in this study had microangiopathy disease in the
feet, we have shown that arterial resistance in the hand was also increased in these
patients. This suggests that resistance arteries in all parts of body are impaired
during these disease states.
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Introduction: We have previously demonstrated that relaxations mediated by
endothelium-derived hyperpolarising factor (EDHF) are impaired in renal arteries
from the insulin-resistant obese Zucker rat (1). The present study aimed to
investigate endothelial function and EDHF activity in renal arteries from
streptozotocin-induced type-1 diabetic rats and their age-matched vehicle-treated
controls. Methods: Endothelial function was assessed in a Mulvany-Halpern wire
myograph in the presence of 10 yM indomethacin using the endothelium-dependent
dilator acetylcholine (ACh, 1 nM-10 yM) and the endothelium-independent dilator
sodium nitroprusside (SNP, 1 nM-10 uM). Results: Blood glucose levels of diabetic
rats (27.8+1.8 mM, n=10) were approximately 7-fold greater than the corresponding
control rats (4.6£0.1 mM, n=12). Responses to ACh were not different between
control (ECsp: 59 nM, 95%cl, 49-71 nM; Emax 92%+2 % preconstriction; n=8) and
diabetic (ECso: 42 nM, 31-58 nM; Enax 1002 %; n=7) rats. Blockade of the nitric
oxide (NO) component of the ACh response using nitro-L-arginine methyl ester (100
MM) and 1H-[1,2,4]oxadiazolo[4,3-a]lquinoxalin-1-one (ODQ, 1uM) significantly
reduced (P<0.05, 2-way ANOVA) relaxations in both control rats (Emax 333 %, n=8)
and diabetic rats (Emax 3915%, n=7). A combination of the intermediate- and small-
conductance calcium-activated potassium channel blockers TRAM-34 (1 yM) and
apamin (1 uM) abolished the remaining response in diabetic rats, but had no effect in
control rats. However, the NAME/ODQ-resistant response was abolished in both
control (n=4) and diabetic (n=3) rats by inhibition of large, intermediate- and small-
conductance calcium-activated potassium channels using charybdotoxin (0.1 pM)
and apamin (1 uM). Relaxations to SNP were not different between renal arteries
from control and diabetic rats (n=10-12). Conclusion: These data suggest that
relaxations to ACh in renal arteries from control and Type-1 diabetic rats are
mediated by both NO and EDHF. Although the EDHF response is of a similar
magnitude in control and diabetic rats, the contribution of calcium-activated
potassium channels appears to be altered by Type 1 diabetes, with large-
conductance channels playing a major role in control rats but not diabetic rats.

1. Reid J et al. (2005) J Hypertens 23 (S2):S140.
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Introduction: We questioned whether remodeling of resistance arteries from
hypertensive patients could be improved by one year (1yr) of BP control with either
the selective mineralocorticoid receptor blocker eplerenone or the beta-blocker
atenolol. Methods: Sixteen hypertensive patients (age 30 to 70 years) were
randomized to double-blind treatment for 1yr with eplerenone (50-100 mg) or atenolol
(50-100 mg) once daily. Ten normal subjects were studied as a control group.
Resistance arteries from gluteal subcutaneous tissues were assessed on a
pressurized myograph. The dilatory responses to acetylcholine (ACh, 10° M-10"* M)
+ L-NAME (10 M) and to sodium nitroprusside (SNP, 10® M-10 M) were studied.
The amount of collagen and fibronectin in the vascular wall was evaluated by
immunohistochemistry, elastin was stained with Verhoeff van Giesson. Results:
After 1yr of treatment, systolic and diastolic BP were well controlled in both the
atenolol and eplerenone groups (144.3+3.7/95.4+1.8mmHg reduced to
121.4+3.1/79.2¢2.6 mmHg, p<0.005; 141.8£3.6/90.0x1.1mmHg reduced to
129.1+£2.0/84.5+1.4mmHg, p<0.005, respectively). ACh- and SNP-induced relaxation
did not change in the treated groups between the beginning and end of the study. L-
NAME significantly reduced ACh-induced vasodilation equally in all groups. After 1yr
treatment, resistance artery media-to-lumen ratio (M/L) and cross sectional area
(CSA) was slightly decreased, albeit not significantly, in both atenolol (M/L: 8.8+1%
vs 7.3+0.9%, NS; CSA:16530+1340 um? vs 1393042097 pum?, ns) and eplerenone
group (M/L:8.7+1.1% vs 7.320.8%, NS; CSA:16500+1993 ym? vs 12800+1475 pm?,
NS). The stress-strain curve of vessels from atenolol-treated patients shifted to the
left. In the eplerenone-treated patients the stress-strain curve shifted to the right
becoming equal to the control group. The amount of collagen and fibronectin was
similar in atenolol and eplerenone groups before and after treatment. Staining for
elastin was slightly increased only in patients after treatment with eplerenone.
Conclusion: In hypertensive patients, BP control for 1yr with eplerenone was
associated with reduced stiffness of resistance arteries apparently due to decreased
collagen/elastin ratio, whereas vessels from atenolol-treated patients exhibited a
stiffer arterial wall.
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PULMONARY ENDOTHELIAL FUNCTION IN COPD (CHRONIC OBSTRUCTIVE
PULMONARY DISEASE) PATIENTS OF DIFFERENT SEVERITY: STUDIES ON
BOTH ARTERIES AND VEINS

Yang Q (qyang@surgery.cuhk.edu.hk)’; Shigemura N'; Hsin M'; Wong W-T?; Tian X-
Y?; Huang Y% Yim APC'; He G-w'3#

1. Surgery & 2. Physiology, The Chinese University of Hong Kong, Hong Kong,
China; 3. TEDA International Cardiovascular Hospital, Nankai University, Tianjin,
China; 4. Providence Heart Institute, Albert Starr Academic Center, Surgery, Oregon
Health & Science University, Portland, OR, USA

Introduction: COPD is the 4™ leading cause of death in the world with approximately
3 million people dying every year of this disease. Structural and functional
abnormalities have been demonstrated in the pulmonary circulation in COPD
patients, including compromised pulmonary arterial endothelial function.! The present
study was designed to study endothelial function in COPD patients of different
severity in both pulmonary arteries and veins with regard to the role of nitric oxide
(NO) and non-NO-non-PGl;, pathway. Methods: Human lung tissues were obtained
from patients undergoing lobectomy or pneumonectomy. Patients were grouped to
mild COPD, severe COPD and control according to the preoperative pulmonary
function test. Pulmonary arteries and veins (diameter 500~2000 pm) were
normalized in a myograph? and endothelium-dependent relaxation was evaluated by
bradykinin (-10 ~ -6.5 LogM) with/without the presence of indomethacin (7 uM), NC-
nitro-L-arginine (300 pM), and oxyhemoglobin (20 pM; n=8).%°® eNOS protein
expression was determined by Western blot. Results: Endothelium-dependent
relaxation was more significant in pulmonary arteries (82.2+4.3%) than in veins
(64.6+£2.4%) with the presence of non-NO-non-PGl, pathway in both arteries and
veins. The bradykinin-induced relaxation was slightly decreased in arteries in mild
(72.3£3.4%) and significantly decreased in severe COPD (39.3+8.4%, P<0.001)
patients. Similar reduction was observed in pulmonary veins (mild: 51.2+2.2%,
severe: P<0.001, 28.0+4.3%). Severe COPD abolished non-NO-non-PGl; pathway in
the pulmonary vasculature. Phosphorylated eNOS (p-eNOS) protein expression in
pulmonary arteries was significantly lower in COPD patients. Conclusions: Both NO
and non-NO-non-PGl, pathway are involved in the regulation of the vascular tone in
the human pulmonary arterial and venous systems. The endothelium-dependent
relaxation is impaired in COPD patients that involves both NO and non-NO-non-PGil,
pathway and the severity of the impairment increases with the progress of the
disease. The functional impairment of the endothelium is associated with a
decreased eNOS expression.

1. Peinado VI, Barbera JA, Ramirez J, Gomez FP, Roca J, Jover L, Gimferrer JM,
Rodriguez-Roisin R. (1998) Am J Physiol 274:L908-13; 2. Zhang RZ, Yang Q, Yim
AP, Huang Y, He GW (2006) Vasc Pharmacol 44:183-91; 3. Yang Q, Liu YC, Zou W,
Yim AP, He GW (2002) J Thorac Cardiovasc Surg 124:361-70.
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LONG TERM CARDIOVASCULAR CONSEQUENCES FOR OFFSPRING BORN IN
AN ADVERSE IN UTERO ENVIRONMENT

Davidge S (sandra.davidge@ualberta.ca)

Obstetrics & Gynecology, Perinatal Research Centre, University of Alberta, Canada

Cardiovascular disease remains the leading cause of death and a major source of
disability in the aging population in western societies and is predicted to become the
leading cause of death in the entire world by 2010. Epidemiological studies have
shown that intrauterine growth restriction (IUGR) is associated with an increased risk
of developing cardiovascular disease in adult life. Thus, fetal adaptations to a sub-
optimal in utero environment results in permanent alterations in key homeostatic
systems, predisposing the individual to later metabolic and cardiovascular disease. It
is estimated that at least 15-20% of births are from pregnancies with complications
(e.g. hypertension, preeclampsia, IUGR, etc) that produce an adverse uterine
environment. Thus, as the population ages, understanding the cardiovascular
consequences for those who experienced growth restriction in utero is increasingly
important. Intrauterine programming of physiological systems can occur at the level
of genes, cells, tissue and organs causing structural and functional changes, which
can lead to overt disease, particularly with increasing age. To understand
physiological mechanisms, there are numerous experimental animal models to alter
fetal growth, including dietary manipulation, maternal stress, glucocorticoid
administration and hypoxia. Furthermore, the etiology of clinical IUGR is variable,
however reduced oxygen supply during development is a common factor of many
compromised intrauterine environments. Thus the model we have been using has
focused on creating an environment of reduced oxygen supply during development.
We recently demonstrated prenatal hypoxia alters both vascular and cardiac function
in adult offspring. Specifically, we demonstrated that in adult offspring born from a
hypoxic environment, there is impaired endothelial-dependent function in resistance
arteries as well as a decreased tolerance of the heart to recover from
ischemia/reperfusion injury. These data are beginning to define the mechanisms
which underlie the association between prenatal growth and adult cardiovascular
health. Understanding the cardiovascular consequences for offspring born from an
adverse uterine environment will allow for development of therapeutic approaches to
reduce the cardiovascular risk associated with being born from an adverse
intrauterine environment.
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MATERNAL ALCOHOL IN PREGNANCY INDUCES A MARKED, GENERALIZED
INCREASE IN ARTERIAL STIFFNESS AND ALTERS ENDOTHELIAL
VASODILATOR FUNCTION IN THE FETUS

Parkington HC (helena.parkington@med.monash.edu.au)’; Coleman HA'; Kenna K';
Walker D'; Harding R, Tare M’

1. Physiology, 2. Anatomy & Developmental Biology, Monash Uni., Clayton, Vic., Australia

Introduction: Heavy alcohol consumption in pregnancy can lead to a suite of symptoms,
neonatal growth restriction, cognitive impairment and facial and cardiac malformations,
collectively called fetal alcohol syndrome (FAS). There is paucity of information regarding the
impact of drinking in pregnancy on vascular function in the
offspring. Our aims were to address this issue in the well
studied sheep model, testing a range of vascular beds. In
addition, we used a more modest dose of alcohol, ie one that
did not give rise to FAS. Methods: Under anaesthesia, 90 d T
pregnant ewes and their fetuses were fitted with vascular o aryvar 0.1 o o
catheters. Ethanol (0.75 g in saline) was infused iv daily into the 0 stan
ewes (n=6), over 1 h, from 95-133 d of gestation (term ~145 d).
Control ewes (n=6) received saline infusion. At 134 d, the ewe and fetus were euthanized using
pentobarbitone, 24 h after the final alcohol treatment. The fetal heart, kidney, mesentery, leg
muscle and brain were removed into ice-cold solution. Segments of small resistance arteries
(~300 um diameter) were mounted on a wire myograph for testing endothelial vasodilator and
contractile functions, and onto a pressure myograph to assess wall stiffness. Results: In
coronary arteries from alcohol-exposed fetuses, endothelium-dependent vasodilator function
was impaired (concentration-response curve shifted 1-log unit to the right) and maximal agonist-
induced constrictor capacity was increased to 166+11% (P=0.010). In contrast, endothelial
vasodilation was “hyper’™-functional in renal and mesenteric arteries of alcohol-treated fetuses,
with curves shifted 1-log unit to the left. Renal and cerebral vasoconstriction was blunted
(Table). Cerebral and femoral artery dilator and constrictor responses were not affected by
alcohol. In all five beds studied arterial stiffness was doubled (P=0.002; eg. from coronary).
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Conclusion: The most striking result to emerge from this study was the marked increase in
stiffness in arteries of fetuses exposed to alcohol, in all five regions tested. Blood flow in the
coronary vessels occurs during diastole, relying on elastic recoil in the aorta for optimal flow. We
suggest that the reduced elasticity following alcohol treatment impairs coronary blood flow which
leads to enhanced oxidative stress, impaired vasodilator function and hence enhanced
vasoconstriction. This is likely to have significant repercussions during physiological events that
require increased cardiac output. Since arterial stiffness was markedly increased across all five
vascular beds tested, it is likely to be generalized. Thus, although the present observations were
in small arteries, we predict that the larger conduit vessels would also be stiffer. This would
render arteries more vulnerable to atherosclerosis and blockage.
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TWO DAYS OF GLUCOCORTICOID EXPOSURE EARLY IN GESTATION
RESULTS IN LIFELONG VASCULAR DYSFUNCTION

Tare M (Marianne.Tare@med.monash.edu.au)'; Moritz KM?; Jefferies AJ"?%; Dodic
M'; Coleman HA'; Wintour EM"; Parkington HC'

1. Physiology; 2. Anatomy and Cell Biology, Monash University; 3. School of
Biomedical Sciences, University of Queensland, Brisbane, Australia

Introduction: Epidemiological and experimental studies indicate that a suboptimal
intrauterine environment increases the risk of development of cardiovascular disease in
adulthood. Perturbations during critical times in development can lead to the permanent
alteration or “programming” of tissues and function. Indeed maternal exposure to raised
glucocorticoid levels can result in increased blood pressure and alteration in kidney
structure and function in the offspring of both rats and sheep. In this study we examined
if early prenatal treatment with glucocorticoids has long term effects on vascular function
at 7 years of age in female ovine offspring. Methods: Pregnant ewes were treated with
intravenous saline (Control), the natural glucocorticoid cortisol (CORT, 5mg/hr) or the
synthetic glucocorticoid dexamethasone (DEX, 0.48 mg/hr) for 48 hours between days
26 and 28 of gestation (term=150 days). This raised circulating glucocorticoid levels,
similar to those in response to stress. DEX crosses the placenta and acts on
glucocorticoid receptors in fetal tissues whereas CORT is partially inactivated by the
placenta and acts on both glucocorticoid and mineralocorticoid receptors. The ewes
were allowed to deliver naturally and after weaning their offspring were raised on
pasture. At 7 years of age, female offspring were euthanized and small mesenteric (MA),
femoral (FA) and coronary arteries (CA) were isolated. Arteries were mounted on wire
and pressure myographs for assessment of vascular endothelial and smooth muscle
function, and passive mechanical wall properties, respectively. Results: Glucocorticoid
exposure early in pregnancy resulted in increased responsiveness to vasoconstrictors,
including phenylephrine and angiotensin II, in MA and FA of female offspring at 7 years
of age. In most cases, vasoconstriction was greater in arteries from DEX exposed
offspring compared with individuals exposed to CORT during intrauterine life. Total
endothelium-dependent relaxation evoked by bradykinin in MA and FA was unaltered
between groups. Maximal endothelium-dependent relaxation was significantly reduced
following blockade of nitric oxide synthase (NOS) in MA from DEX and CORT exposed
offspring (P=0.0004, P=0.02, respectively) and in FA from the DEX group. Endothelium-
derived hyperpolarizing factor (EDHF)-mediated relaxation was significantly reduced in
MA and FA of the DEX group (P=0.03, P<0.0001). Maximal smooth muscle relaxation to
the NO donor sodium nitroprusside (SNP) was unaltered between groups for the
mesenteric artery, however there was reduced sensitivity to SNP in the DEX group.
Glucocorticoid exposure had regional and differential effects on passive mechanical wall
properties of arteries. The MA and FA from offspring exposed to glucocorticoids were
significantly stiffer. CA from DEX ewes were significantly stiffer, whereas those from
CORT ewes were not different from control. Conclusions: Prenatal glucocorticoid
exposure at a critical time early in gestation programmes regional vascular dysfunction
in the offspring. The changes in the vasculature are pro-vasoconstrictor and may
contribute to the elevated blood pressure in these glucocorticoid exposed offspring.
These results suggest that early maternal stress may predispose the offspring to lifelong
cardiovascular dysfunction.
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FETAL AND NEONATAL EXPOSURE TO NICOTINE ELEVATES BLOOD
PRESSURE AND ALTERS PERIVASCULAR ADIPOSE TISSUE FUNCTION

Gao TJ'; Holloway AC'; Su LY; Takemori K% Lu C?% Lee RMKW
(rmkwlee@mcmaster.ca)?

1. Anesthesia and Obstetrics, McMaster University, Hamilton, Canada; 2. Pathology,
Kinki University School of Medicine, Osaka, Japan

Introduction: In Wistar rats, maternal exposure to nicotine has been shown to impair
the modulatory function of perivascular adipose tissue (PVAT) on vascular relaxation
in the aorta of the offspring. It is not known whether an impairment of PVAT function
occurs in smaller arteries, and whether the control of blood pressure is affected. Here
we studied the blood pressure effect and the alteration of PVAT function in
mesenteric arteries of the offspring born to Wistar-Kyoto rat (WKY) dams exposed to
nicotine. Methods: Nulliparous female WKY rats were given either nicotine bitartrate
(1 mg kg™ day ') or saline (vehicle) by subcutaneous injection two weeks prior to
mating, during pregnancy and until weaning. Blood pressure of the offspring was
measured and functional studies with mesenteric arteries were conducted when the
rats were 26 weeks old. Tissue samples (thoracic aorta, mesenteric arteries, and
kidneys) were collected for morphological and immunohistochemical examinations.
Results: Blood pressure increased from 14 weeks of age onwards in the offspring
born to nicotine-exposed dams. Nicotine-exposed offspring showed a significant
increase in the number of brown adipocytes in aortic PVAT relative to control
offspring. In mesenteric arteries from saline-exposed offspring, contractile response
induced by phenylephrine, serotonin, and U46619 was significantly attenuated in the
presence of PVAT, an effect not observed in the nicotine-exposed tissues. Kidney
weight, the total number of nephrons and glomerulus size were comparable in
nicotine and saline groups. Conclusion: We conclude that fetal and neonatal
exposure to nicotine caused blood pressure elevation. Alterations in PVAT
composition and modulatory function are some of the mechanisms associated with
this blood pressure increase, whereas changes in renal structure do not appear to be
involved in the blood pressure increase in this model.
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VITAMIN D INSUFFICIENCY IN UTERO AND EARLY LIFE CAUSES REGIONAL
IMPAIRMENT IN VASCULAR REACTIVITY AND ALTERS VASCULAR
COMPLIANCE
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1. Physiology, Monash University, Wellington Rd, Clayton, Vic., Australia; 2.
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Flemington Rd, Parkville, Vic., Australia

Introduction: Epidemiological and experimental evidence suggest that vitamin D
(VitD) insufficiency can cause cardiovascular dysfunction in adults. There is
emerging evidence showing that VitD insufficiency during the developmental period
results in adverse outcomes to cardiovascular and other body systems later in life,
although the effects on vascular function are unknown. VitD insufficiency in the
developed world is increasing, due largely to reduced exposure to the sun (UVB
radiation), which is the major contributor to VitD synthesis in the body. The incidence
of VitD deficiency in pregnant women has been found to be as high as 80%.’
Therefore, we aimed to investigate the implications of early life VitD insufficiency on
vascular function, and also following repletion of VitD, to determine if any of the
alterations are permanent. Methods: Female Sprague-Dawley rats were fed either a
VitD deplete (-VitD) or replete diet before and throughout pregnancy and lactation.
Offspring were maintained on these diets until 3 months of age, after which all rats
were fed a VitD replete diet. At 2 and 12 months of age mean arterial pressure (MAP)
and heart rate (HR) were measured in conscious rats, and vascular function was
assessed in male offspring. At 12 months of age, arterial compliance was also
measured in males. Results: At 2 months of age, whilst still VitD insufficient, -VitD
offspring had elevated MAP (by 11mmHg; P<0.001) and HR (by 40 beats/min;
P<0.002) compared with controls. Nitric oxide-mediated endothelium-dependent
relaxation was impaired in -VitD mesenteric arteries (P<0.001). At 12 months of age,
following 9 months repletion with VitD, MAP and HR were restored to normal in -VitD
offspring. However, dysfunction of the endothelium-dependent relaxation of -VitD
mesenteric arteries persisted, with impairment of both nitric oxide- (P<0.02) and
endothelium-derived  hyperpolarizing  factor-mediated relaxation  (P<0.03).
Endothelium-independent relaxation to sodium nitroprusside was also impaired in -
VitD mesenteric arteries (P<0.02). Renal, cerebral and femoral arteries of -VitD rats
did not show any alterations in relaxation. Vasoconstriction to phenylephrine was not
altered in any of the above mentioned arteries. Arterial compliance in -VitD offspring
was increased in mesenteric (P<0.01), renal (P<0.02), cerebral (P<0.04) and femoral
(P<0.02) arteries. Conclusions: This study demonstrates that early life VitD
insufficiency causes permanent alterations to the cardiovascular system. Although
MAP and HR were restored to normal following VitD repletion, mesenteric endothelial
dysfunction remained and vascular compliance was altered in all vascular beds
studied. The lifelong vascular effects of early VitD insufficiency highlight the need for
careful monitoring of VitD levels before and during pregnancy, and use of dietary
VitD supplementation where required.

1. Grover SR, Morley R (2001) Med J Aust 175:251-252.



112

UTERINE AND RENAL ARTERY FUNCTION IN VIRGIN AND PREGNANT
GROWTH RESTRICTED FEMALES: EVIDENCE FOR COMPENSATION OF
UTERINE ARTERY FUNCTION DURING PREGNANCY
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Introduction: Intrauterine growth restriction, caused by uteroplacental insufficiency, occurs in
10% of pregnancies in the Western world. Growth restricted offspring are at increased risk of
developing cardiovascular disease in adulthood. Previously, we have found that male growth
restricted offspring had elevated blood pressure, renal nephron deficit and impaired vascular
function, while growth restricted females had a nephron deficit. The aim in this study was to
investigate regional vascular function in virgin and pregnant adult female rat offspring that
were born growth restricted. Methods: To induce uteroplacental insufficiency mothers (FO)
underwent bilateral uterine vessel ligation (restriction), or sham surgery (control) on d 18 in
WKY rats (term = 22d). One cohort of growth restricted and control virgin female offspring (F1)
were killed at 12mths of age. In another cohort, F1 female restricted and control offspring were
mated at 13-18wks of age, and killed at d 20 of pregnancy. Small uterine and renal arteries
from virgin and pregnant F1 female rats were mounted on wire and pressure myographs to
assess smooth muscle and endothelial function and passive mechanical wall properties,
respectively. Smooth muscle function was tested using constrictors, the oy-adrenoceptor
agonist phenylephrine (PE) and angiotensin Il (ANGII), and a vasodilator, the nitric oxide (NO)
donor sodium nitroprusside (SNP). The endothelium was stimulated with acetylcholine (ACh)
before and after incubation with the NO synthase inhibitor N*-nitro-L-arginine methyl ester (L-
NAME) and the cyclooxygenase inhibitor indomethacin (INDO). Relaxation attained following
L-NAME and INDO was attributed to endothelium-derived hyperpolarizing factor (EDHF).
Results: Growth restricted and control F1 virgin and pregnant females were not hypertensive.
In restricted and control virgin F1 females, total endothelium-dependent relaxation was
unaltered in uterine and renal arteries. However, relaxation attributed to EDHF was reduced in
the uterine artery in virgin restricted females (P<0.001). Furthermore, uterine artery wall
stiffnress was increased in restricted virgins (P<0.0001). During pregnancy, endothelium-
dependent relaxation in uterine arteries was not different between groups. In contrast, both
total endothelium-dependent and EDHF-mediated relaxation were impaired in renal arteries of
restricted pregnant females (P=0.003). Vasoconstriction evoked by PE was not different in
uterine and renal arteries in virgin females. However, during pregnancy the renal arteries of
restricted females were less sensitive to PE (P=0.03). There were no differences in ANGII-
mediated vasoconstriction between groups. Smooth muscle vasodilation evoked by SNP was
not affected in either artery in virgin or pregnant restricted and control F1 females.
Conclusion: Uterine, but not renal arteries, from growth restricted virgin F1 females had
impaired endothelial function and increased vessel wall stiffness. During pregnancy, the
uterine artery of restricted females was able to overcome this impairment. In contrast, renal
artery dysfunction emerged in restricted pregnant females and, combined with a nephron
deficit, may compromise maternal F1 renal function. This study suggests that in growth
restricted females, specific regional vascular adaptations in pregnancy compensate to
maintain the health of the fetus at the expense of other maternal vascular beds.
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BRINGING ESTROGEN BACK TO CARDIOVASCULAR HEALTH:
EXPERIMENTAL STUDIES ON ISOLATED SMALL ARTERIES
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Biosciences & Nutrition, Karolinska Institutet, Karolinska University Hospital,
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Reproductive Medicine & Child Development, University of Pisa, Italy; 3. Maternal &
Fetal Research Unit, Reproduction & Endocrinology, Kings College, London, UK

Introduction: Blood vessels and in particular, the vascular endothelium, are considered
the most physiological targets for estrogen action in cardiovascular system. However,
despite expectations that hormonal replacement therapy (HRT) will improve
cardiovascular events, the Women’s Health Initiative (clinical trial) has produced
ambiguous results. Methods: In order to explore the hormonal milieu, we compared ex-
vivo small artery function in pre-menopausal and post-menopausal women and also re-
evaluated the vascular benefits of combined HRT in women =7 years since menopause.
We also investigated the role of certain estrogen receptor subtypes (ERa & ERp) in
small artery function of ERB knockout (ERBKO) and wild-type mice of both sexes.
Results: Severe functional and morphological abnormalities were observed in the
peripheral vasculature in healthy postmenopausal women. 17p-estradiol (Ez), but not
raloxifene or genistein improved endothelium-dependent dilatation via the nitric oxide
and ERa pathways. The randomized, placebo-controlled, double blind trial indicated that
flow- but not bradykinin-induced dilatation was augmented after 3 month treatment with
E, or E, + medroxyprogesterone acetate (MPA), whereas MPA alone or placebo had no
effect. Pressure-induced myogenic tone was reduced only after treatment with Ex+MPA.
Endothelial morphology was also improved following administration of E; for 3 months,
with decreased signs of endothelial apoptosis, although addition of MPA altered these
events. Using identical treatment regimes, isolated cell culture experiments showed that
these changes were accompanied by activation of signalling cascades that control the
actin cytoskeleton and the formation of focal adhesion complexes. In animal models of
aging mice, we found that ERpB, was associated with sex specific functional and
morphological alterations in small artery maintenance. ER} conferred sex differences in
endothelium-dependent relaxation by reducing the contribution of EDHF-type responses
in males and had an important influence on the control of Ex-enhanced flow mediated
dilatation. On the other hand, ERa appears critical for this response in females. In male
animals, deletion of ER[ altered the content of elastin and collagen within the vascular
wall, while myogenic tone was unaffected by the loss of ERp in either male or female
mice. However, sex specific differences occurred in myogenic tone after administration
of E,, suggesting the importance of ERa in the modulation of basal tone in female
vasculature. Increased o-adrenergic reactivity followed by B-adrenoceptor modification
and changes in basal release of endothelium-derived vasoactive factors were observed
only in ERBKO male animals, the event that could be relevant for the onset
hypertension. Conclusion: Overall, the investigations improve understanding on
vascular cell-specific actions of sex hormones and the role of certain ER subtype for
future hormonal therapy.
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