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ESTABLISHMENT OF A NATIONAL RESEARCH CONSORTIUM TO STUDY 
MECHANISMS OF NEUROGENIC HYPERTENSION: THE POWER OF SCIENTIFIC 
COLLABORATION TO UNRAVEL THE COMPLEXITY OF  
LONG-TERM REGULATION OF ARTERIAL PRESSURE 
 
John W. Osborn, Gregory D. Fink, Alan Sved, Glenn Toney, and Mohan Raizada 
The Neurogenic Cardiovascular Diseases Consortium 
 
The World Health Organization predicts that by 2020, hypertension will be the single greatest 
cause of death and disability globally. Despite massive financial investments and over 5 decades 
of intensive research in laboratories around the world, our understanding of the causes of 
hypertension, and our ability to treat and/or prevent this condition, is unacceptably poor. This is 
due, in part, to the complexity of the physiological mechanisms controlling arterial pressure. A 
thorough understanding of this complexity requires research studies spanning from the genomic 
to whole animal level. Whereas individual laboratories are highly skilled at investigations at one 
level of control (e.g., genomic, cellular, whole animal), the ability to intensively study the 
mechanisms of hypertension at all levels is beyond the capabilities of most laboratories or 
research institutions. 
As a solution to this problem, we propose the organization of collaborative research teams that 
extend beyond traditional institutional boundaries. With this concept in mind, we recently 
established the Neurogenic Cardiovascular Diseases Consortium (NCDC) to investigate the 
mechanisms of neurogenic hypertension.   The NCDC is composed of laboratories spanning the 
range of investigation from the genome (M. Raizada, University of Florida), to the single neuron 
(G. Toney, University of Texas), to neural networks (A. Sved, University of Pittsburgh), and 
finally the whole animal (G. Fink, Michigan State University and J. Osborn, University of 
Minnesota). Our strategy is to conduct simultaneous parallel investigations focused on a single 
animal model of neurogenic hypertension; the angiotensin II (AngII)-salt model in the rat. By 
strict control of experimental conditions in and between laboratories, we aim to generate an 
integrated database that will lead us to a greater understanding of the mechanisms of neurogenic 
hypertension.  Our approaches are designed to minimize variability between NCDC laboratories 
and to maximize the power of our collaboration.  
The purpose of my presentation will be to discuss the advantages, and challenges, of forming and 
operating a “consortium based research program”. Issues regarding the choice of the animal 
model, standardization and optimization of the experimental protocols, integration of 
experimental results between laboratories, and the mechanisms of effective communication and 
data management will be discussed. An overview of the NCDC studies of AngII-salt 
hypertension including the reproducibility of the model, the key findings from each laboratory, 
and the collective view of the NCDC regarding the neurogenic mechanisms of AngII-salt 
hypertension, will be presented.  
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SYMPATHETIC ACTIVITY CONTROLS LONG-TERM BLOOD PRESSURE BY 
AFFECTING VASCULAR CAPACITANCE   
 
Gregory D. Fink, Ph.D.   
Department of Pharmacology and Toxicology, Michigan State University, East Lansing, MI, 
USA. 
 
Sympathetic nervous system activity is well-known to elevate blood pressure by augmenting the 
force and rate of cardiac contraction, decreasing the diameter of resistance arteries, and reducing 
sodium and water excretion by the kidneys.  In addition, however, sympathetic nervous system 
activity to veins reduces venous (unstressed) blood volume and overall vascular capacitance.  
This effect has been shown—at least in the short-term—to redistribute “stored” blood into the 
central circulation and thereby increase arterial blood pressure. However, sympathetically 
mediated changes in vascular capacitance generally have not been considered important in long-
term blood pressure regulation. This is because most, if not all, sympathetic effects on the 
cardiovascular system have been considered to be only transient in nature.  Recent evidence, 
however, has strongly challenged that notion. Therefore, my talk will highlight theoretical and 
experimental evidence that the sympathetic nervous system exerts a long-term influence on 
arterial pressure at least in part by controlling venous capacitance and redistributing total blood 
volume. I will focus on one specific form of hypertension, namely renin- or angiotensin-
dependent hypertension. Key features of the concept include: the existence of distinct 
mechanisms controlling venous versus arterial function; a special role for the high compliance 
splanchnic circulation; the importance of regionally differentiated levels of sympathetic activity; 
the likelihood that this mechanism has only limited gain within the overall hierarchy of blood 
pressure control systems; and that its impact appears to be greatest during the development, 
rather than the maintenance of hypertension. New strategies for treating high blood pressure 
based on this concept will be proposed. 
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A NEW MATHEMATICAL MODEL FOR LONG-TERM CONTROL OF ARTERIAL 
PRESSURE BY THE SYMPATHETIC NERVOUS SYSTEM 
 
Viktoria A. Averina1, Hans G. Othmer1, Gregory D. Fink2 and John W. Osborn1 

University of Minnesota1 and Michigan State University2 United States 
 
We present a new mathematical model in which the long-term control of mean arterial pressure 
(MAP) can be dominated by the central nervous system (CNS). The circulation is modeled as 2 
parallel vascular beds with high and low compliances. The model assumes normal kidney 
function which fully adapts to chronic changes in MAP and open-loop neural control driven by a 
“CNS-MAP Controller”.  The output of the CNS-MAP Controller regulates sympathetic nerve 
activity to vascular resistances, compliances and venous unstressed volume. Currently, the 
excitatory drive of the CNS-MAP Controller consists of a synergistic interaction of circulating 
salt-retaining hormones and plasma sodium. The model does not include primary renal 
dysfunction or whole body autoregulation as proposed in the Guyton-Coleman model. Also, in 
contrast to the Guyton-Coleman model in which one hemodynamic profile is proposed to 
underlie all forms of hypertension, our model demonstrates several hemodynamic profiles 
associated with increased SNA are possible with either no change or decreased total blood 
volume. These hemodynamic profiles are consistent with published hemodynamic studies in 
experimental and human essential hypertension. In addition, this model provides several 
scenarios of parameter changes that might lead to the same hemodynamic profile, which may 
enable researchers to design further experimental studies. This model supports the hypothesis 
that dysregulation in the brain, rather than kidney, can be responsible for the pathogenesis of 
hypertension. 
 



4 
 
THE NATURE AND MECHANISMS OF STRESS IN LONG-TERM REGULATION OF 
BLOOD PRESSURE AND CARDIOVASCULAR DISEASE 
 
Alan Kim Johnson 
 
Departments of Psychology, Integrative Physiology, and Pharmacology, and the Cardiovascular 
Center, University of Iowa, Iowa City, IA, USA 
 
The role of stressors in cardiovascular disease has been a major scientific interest since the early 
days of stress research.  Both physiological and psychosocial stressors have been implicated in 
the pathogenesis of hypertension and of heart disease.  In recent years, the systemic (classic) and 
the brain renin-angiotensin-aldosterone systems have been hypothesized to mediate several 
forms of stressor-induced cardiovascular disease.  This presentation will discuss the role of 
structures of the lamina terminalis (e.g., the subfornical organ, median preoptic nucleus, and 
organum vasculosum of the lamina terminalis) in body-brain signaling during stress.  The action 
and interaction of angiotensin and aldosterone at sites within lamina terminalis structures and 
regions to which these brain nuclei project are critical in stress-related cardiovascular 
pathophysiology.  Studies from our laboratory involving conflict stress-induced hypertension and 
chronic mild stress-induced sympathetic activation and cardiac vulnerability to arrhythmias will 
be presented.   
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THE IMPORTANCE OF THE HYPOTHALAMUS FOR LONG TERM ADAPTIVE 
AUTONOMIC REGULATION 
 
Geoffrey A. Head1 Julia Anilovitch1, John-Luis Moretti1, Sandra L. Burke1, Pamela Davern1 and 
Roger G. Evans2   
1Baker IDI Heart and Diabetes Institute, Melbourne, Australia; 2Department of Physiology, 
Monash University, Melbourne, Australia. 
 
Much of our present understanding of cardiovascular regulation comes from experiments using 
relatively large or acute perturbation of the cardiovascular system. However, what may be most 
relevant to the development of cardiovascular disease are relatively small but long-term more 
subtle changes. To this end we have examined the effects of long term infusion of low dose 
“slow pressor” Angiotensin II (Ang) for 1 and 3  months in conscious rabbits. Such treatments 
led to marked long term activation  of specific hypothalamic nuclei such as the  super optic and 
paraventricular nucleus of the hypothalamus as measured by FRA immunoreactivity. Mean 
arterial pressure was modestly elevated by Ang treatment by 16 mmHg and 11mmHg at 1 and 3 
months respectively, suppressed plasma renin activity but heart rate, renal sympathetic nerve 
activity (RSNA)  and baroreflex gain were not affected. At these times we examined whether the 
function of central pathways regulating sympathetic reflexes (chemoreflex induced by 10% O2 
and 3% CO2) and responses to airjet stress were altered. All rabbits were instrumented with an 
intracerebroventricular (ICV) catheter and an electrode to measure RSNA. The sympathetic 
activation produced by acute hypoxia was markedly increased in the Ang treated groups at 1 and 
3 months by +70% and 59% respectively (P<0.05). The pressor response and the RSNA increase 
to airjet stress was similar to controls at 1 and 3 months of Ang treatment but the tachycardia was 
increased by 1.3 fold at 1 month and 2.0 fold at 3 months. We also determined the contribution 
of central superoxide production in the response to stress using ICV administration of Tempol a 
superoxide scavenger. Tempol had no effect on the tachycardia response to airjet stress in control 
animals but markedly attenuated the enhanced tachycardia in Ang treated rabbits. Tempol also 
produced a greater reduction in the RSNA response to airjet stress in Ang treated rabbits. These 
results show that chronic treatments with low dose Ang in rabbits not only increase the 
responsiveness of specific CNS pathways regulating sympathetic nervous system reflexes but 
also increase their dependence on superoxide production.   
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IDENTIFICATION OF NEURONAL POPULATIONS WITHIN THE LAMINA 
TERMINALIS INTEGRATING CARDIOVASCULAR, BODY FLUID AND 
THERMOREGULATORY HOMEOSTASIS 
 
M.J. McKinley, M. Goga, P. Davern, M.L. Mathai, A. Uschakov, M. Tanaka, R. McAllen 
Howard Florey Institute, University of Melbourne, Parkville, Vic,. 3010, Australia 
 
The lamina terminalis, a midline forebrain region, is comprised of three distinct structures. The 
subfornical organ (SFO) and organum vasculosum of the lamina terminalis (OVLT), 
circumventricular organs lacking the blood-brain barrier, have sensory functions. The other 
region, interposed between these two organs in the lamina terminalis, is the median preoptic 
nucleus (MnPO) which has important integrative functions influencing homeostasis. 
Results from many investigators utilising a variety of different techniques show that there are 
neurons within the MnPO that participate in the physiological regulation of thirst, vasopressin 
secretion, sympathetic nerve activity, temperature regulation and sleep, however the distribution 
and relationship of neurons within the MnPO that subserve specific homeostatic modalities is 
largely unexplored. In an attempt to characterise the neuronal populations within the lamina 
terminalis, we have combined immunohistochemical identification of Fos in response to various 
stimuli with either NADPH-diaphorase histochemistry or neural pathway tracing.  Our results 
show that systemic hypertonicity activates neurons mainly in the most medial aspect of the 
MnPO as well as in the dorsal cap of the OVLT and the periphery of the subfornical organ. The 
great majority of these osmoresponsive neurons show NADPH-diaphorase (N-D) staining in all 3 
sites. By contrast, increased core temperature activates neurons along the entire length of the 
MnPO, but these thermoresponsive neurons are situated mainly on the lateral aspects of the 
MnPO; fewer are N-D positive. Reduction in arterial pressure also causes activation of neurons 
in the MnPO, as well as throughout the SFO and lateral borders of the OVLT as a result of the 
actions of increased circulating angiotensin II (Ang) levels. Ang responsive neurons also exhibit 
N-D staining. We obtained evidence that Ang responsive neurons in the MnPO are inhibited by 
increased arterial pressure, and this inhibitory influence may be relayed via the lateral 
parabrachial nucleus. We studied the efferent connections of neurons within the lamina 
terminalis that were activated by stimuli such as hypertonicity, hyperthermia, dehydration or 
circulating angiotensin II. All of these stimuli activated neurons within the lamina terminalis that 
had connections to the lateral hypothalamic area, the hypothalamic paraventricular nuclei and the 
periaqueductal gray. However, there were differences between regions of the lamina terminalis 
regarding the proportion of neurons projecting to a particular target nucleus that were activated 
by a specific stimulus. Therefore, sub-populations of neurons within the component nuclei of the 
lamina terminalis may be identified by their functional efferent projections and histochemical 
phenotype.           



7 
 
ROLE OF THE MNPO IN THE CHRONIC HYPERTENSIVE EFFECTS OF 
ANGIOTENSIN II 
 
John P. Collister and Trasida Ployngam 
Departement of Veterinary and Biomedical Sciences, College of Veterinary Medicine, University 
of Minnesota, St. Paul, MN 
 
We have previously reported a role of the subfornical organ (SFO), one of the circumventricular 
organs, in the mediating the full chronic hypertensive response to Angiotensin II (AngII) 
administration.  The median preoptic nucleus (MnPO) receives afferent input as well as fibers of 
passage from the SFO, and becomes activated during infusion of AngII, although previous work 
has not fully supported a role of the MnPO in the long-term actions of AngII.  Taken together, 
we hypothesized that the MnPO is a necessary downstream nucleus in chronic AngII 
hypertension.  In order to test this hypothesis and determine the role of MnPO neurons vs. fibers 
of passage we utilized both electrical and chemical lesion of the MnPO.  Adult male Sprague 
Dawley rats were subjected to either electrolytic (eMnPOx, n=5) or chemical lesion with ibotenic 
acid injections (iMnPOx, n=9) of both the dorsal and ventral MnPO.  Additionally, respective 
sham operations were performed in each group (eSHAM, n=6; iSHAM, n=8).  One week after 
lesion surgery, all rats were instrumented with femoral venous catheters and radiotelemetric 
transducers for the IV administration of AngII and measurement of blood pressure and heart rate, 
respectively.  All rats were fed 0.4% NaCl diet, received distilled water ad libitum and began 
intravenous saline treatment (7 ml/day).  After another week of recovery, all rats were treated 
with 3 days of saline control (7 ml/day), followed by IV AngII treatment (10 ng/kg/min) for 10 
days, and finally a recovery period similar to control.  Baseline mean arterial pressure (MAP) 
was similar between groups (˜100 mmHg).  MAP rose to approximately 140 mmHg in sham rats 
by day 7 of AngII treatment.  This hypertensive response was attenuated in both groups of 
lesioned rats as MAP only increased approximately 20 mmHg in eMnPOx and 25-30 mmHg in 
iMnPOx.  MAP was significantly lower in eMnPOx rats compared to iMnPOx rats throughout 
days 6-10 of AngII treatment.  These results support the hypothesis that neurons of the MnPO 
are necessary for the chronic hypertensive response to AngII administration, and furthermore 
that fibers of passage in the MnPO likely contribute to this response. 
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DO CYTOKINES IN THE BRAIN PLAY A ROLE IN NEUROGENIC 
HYPERTENSION? 
 
Mohan K. Raizada,1 Carlos C. Diez Freire,1 Srinivas Sriramula,1 Peng Shi,1 Joseph Francis,2 and 
Colin Sumners1 
1 University of Florida, College of Medicine, Gainesville, FL USA 
2 Louisiana State University, Baton Rouge, LA USA 
 
Recent observations indicate that peripheral cytokines play an important role in Ang II-
dependant hypertension.  This, coupled with evidence that brain cytokines are involved in heart 
failure and for the existence of a neurogenic component in this model of hypertension, led us to 
propose the following hypothesis: Ang II-induced hypertension is, at least in part, mediated by 
stimulation of proinflammatory cytokines (PIC) in cardiovascular-sensitive brain region(s).  
Thus, our objectives in this study were: (i) to determine if chronic Ang II infusion increases PIC 
in the brain and (ii) study if alterations in the central PIC would influence Ang II-induced 
hypertension.  We decided to focus our studies on the PVN since it is the key nucleus that 
perceives signals from the systemic circulation and relays them to the NTS and the RVLM.  
Chronic infusion of Ang II in SD rats resulted in the establishment of high blood pressure(BP) 
within 3-4 weeks and was associated with significant increases in the mRNA levels of PICs (i.e. 
IL-6, TNF-α) and the AT1 receptor in the PVN.  Increase in BP was coupled with cardiac 
hypertrophy, perivascular and myocardial fibrosis, and increases in the cardiac PICs, ANP, and 
collagen IV.  ICV infusion of minocycline, an anti-inflammatory antibiotic, completely 
attenuated Ang II-induced high BP, cardiac hypertrophy, and remodeling.  In addition, 
significant attenuation of both PVN and cardiac PICs was observed in rats ICV-infused with 
minocycline.  Next, the effect of lentiviral vector-mediated overexpression of IL-10 (an anti-
inflammatory cytokine, AIC) in the PVN was examined to further support the role of cytokines.  
We observed that overexpression of IL-10 in the PVN completely attenuated Ang II-induced 
hypertension.  These observations demonstrate that the PVN cytokines levels are critical in the 
maintenance of normal cardiovascular functions.  An imbalance in PIC and AIC levels leads to 
hypertension in this neurogenic rat model of hypertension. 
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TOTAL BODY SODIUM: INTERNAL SIGNALING AND OUTPUT CONTROL 
 
Peter Bie & Mads Damkjaer 
Department of Physiology and Pharmacology, University of Southern Denmark, Odense, 
Denmark 
 
Renal sodium excretion (NaEx) is a pivotal determinant of arterial blood pressure (ABP), and 
ABP is a powerful, independent controller of NaEx. Normally, blood volume is a function of 
dietary salt intake. However, convincing evidence that in physiological steady state, ABP is a 
function of salt intake is absent. Therefore, a causal role of ABP in the normal regulation of 
NaEx requires the operation of a regulatory mechanism driven by transient increases in ABP 
generated by small elevations in total body sodium, i.e., an integrative control system. However, 
available evidence indicates that subtle sodium-loading causes marked natriuresis without any 
transient change in ABP. Consequently, changes ABP are not essential for normal control, in 
contrast to changes in blood volume. At constant ABP, the primary efferent signals to the kidney, 
therefore, must include blood composition (physico-chemical factors and specific messengers) 
and/or renal nerve activity. Renal nerve activity is related to blood volume; also at constant ABP. 
The relative participation of blood-borne and nervous stimuli in mediating volume signals to the 
kidney remains unknown, but the homeostatic function of the transplanted or denervated kidney 
is not grossly disturbed.  
The present challenges include the recognition of our level of ignorance, e.g., that the key 
elements of the normal regulation of total body sodium remain unidentified. Sodium homeostasis 
is remarkable because (i) a physiological basis for a “normal” salt intake does not exist; (ii) the 
time constants of the regulatory reponses to sudden changes in intake is measured in days; (iii) it 
is virtually impossible to generate sodium deficiency by dietary means; and (iv) at low-salt and 
high-salt conditions, homeostasis is probably established by different control systems 
mechanisms. During depletion, renin system activity and sympathetic tone are of dominating 
importance. In situations of excess, several modulators may participate (natriuretic hormones, 
nitric oxide, prostaglandins, dopamine, bradykinin, (other) sodium pump inhibitors). The relative 
importance of these mechanisms remains unknown and specific hypotheses concerning roles as 
mediators of sodium balance are absent.  
Under experimental and pathophysiological conditions, the pressure natriuresis mechanism may 
override all other control systems irrespective of their levels of activity. In contrast, in chronic 
hypertension, sodium balance per definition is maintained at an elevated ABP. However, the 
concepts of sodium sensitivity remain unclear and its relevance to hypertension uncertain. The 
initialization of the state of hypertension may be hypothesized to include an imbalance between 
natriuretic and antinatriuretic mediators of sodium homeostasis. 



10 
 
SALT SENSITIVITY AT NORMAL BLOOD PRESSURE: HOW, WHAT AND WHOM? 
 
Mads Damkjær 
Dep. Physiology & Pharmacology, University of Southern Denmark, Odense, Denmark 
 
The present work assesses how sodium sensitivity (SS) of blood pressure is defined in normal 
healthy humans, how it is tested for, what the results of these tests are, and if they are 
reproducible.   
Over the past thirty years, a large number of randomized trials have addressed the effect of 
sodium supplementation/restriction on arterial blood pressure. Some have yielded a positive 
correlation, others have not. If present, the phenomenon has been associated with the concept of 
SS, i.e. arterial blood pressure is a function (with a finite slope) of sodium intake. We first 
addressed how different authors quantitatively define SS. The range of mean arterial blood 
pressure (MABP) change considered to demonstrate the presence of SS is often 3 – 10 mmHg, 
others use a 10 percent change in MABP, and some even consider SS a continuous variable. The 
consequence of the latter is that SS is a normal physiological response. The methods used to test 
for SS can generally be divided into three categories, i) dietary intervention, ii) intravenous 
sodium loading and iii) intravenous loading plus administration of a natriuretic drug (volume-
expansion-contraction). Regarding the first two methods there are substantial differences 
between the methodologies applied. The methods of volume-expansion-contraction are very 
similar across different research groups.  
Whenever a physiological variable like blood pressure is measured repeatedly, the result is 
subject to random variation with a Gaussian distribution. A few studies have addressed 
repeatability, some find a good correlation between the results of repeated testing, others do not. 
We have found two studies (only) which present data in a manner that allow for re-evaluation 
using a Bland-Altman plot (Bland & Altman, 1986). We find the confidence intervals to be 
larger than the responses considered to be SS.   
Results of meta-analyses of the effect of sodium restriction on arterial blood pressure fall in two 
categories. Those finding no effect, and those finding an effect of around 2 mmHg systolic and 1 
mmHg diastolic. Individual trials occasionally find larger effects. 
We conclude that there are important differences between the definitions of SS used by different 
groups. In addition, the methods applied to test for SS are importantly different, and in most 
cases, the reproducibility is difficult to assess. There is a clear need for more data particularly 
with regard to quality assessment, and for approval of a statistically solid approach to handle 
these data. Agreement with regard to tools and methods is needed for disagreement with regard 
to results to become meaningful.   
 
Ref.: Bland JM & Altman DG: Lancet I, 307-10, 1986. 
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ROLE OF THE RENIN-ANGIOTENSIN-ALDOSTERONE SYSTEM FOR CONTROL 
OF ARTERIAL BLOOD PRESSURE DURING REDUCED TOTAL BODY SODIUM – 
BALANCE STUDIES IN FREELY MOVING DOGS 
 
Erdmann Seeliger 
Institute of Physiology, Charité CCM, Berlin, Germany 
 
Total body sodium (TBS) is known as major determinant of long-term arterial blood pressure 
(BP), when TBS is increased, but little is known about decreased TBS. With its Na-retaining 
hormones angiotensin II and aldosterone, the renin-angiotensin-aldosterone system (RAAS) is a 
prime candidate in control of TBS. Here, we studied the role of RAAS for control of TBS, total 
body water (TBW), and MABP following experimentally induced deficit of TBS. 
Balance studies were performed in freely moving dogs, using 3 protocols. In all protocols, on 
day 1, TBS was reduced by 10% by use of peritoneal dialysis (PD). On days 1 and 2, dogs were 
on low Na intake (LSI), on days 3 and 4 on high Na intake (HSI). In protocol 1, the RAAS was 
left intact; in protocol 2, ACE-inhibition (ACEI) was applied on days 2-4; in protocol 3, an 
aldosterone-antagonist (AA) was additionally applied. 
In all protocols, on days 1 and 2 (LSI), TBS remained on the level gained by PD. In protocol 1, 
the deficit in TBS was immediately corrected, when Na was offered on day 3 (HSI). This is 
achieved by stimulation of RAAS. However, the deficit is corrected even during ACEI (protocol 
2). This is due to stimulation of aldosterone release independent from A II, because the deficit 
was not corrected when the AA was additionally given (protocol 3). By the PD, Na but not water 
is withdrawn. Yet osmoregulation resulted in diuresis within the first 24 h, thus TBW decreased. 
On days 2-4, TBW changed in parallel to TBS in all protocols. BP barely decreased in protocol 1 
despite the deficit in TBS and TBW (days 1 and 2). BP was maintained by volume-independent 
mechanisms, in particular, vasoconstrictive action of angiotensin II, as shown by protocol 2: 
when ACEI was started on day 2, BP decreased by 15 mmHg from day 1 to 2, although TBW 
remained constant. With ongoing ACEI, BP became volume-dependent again: whereas BP rose 
in parallel with TBS and TBW in protocol 2 (day 3), it remained decreased in protocol 3. 
In conclusion, RAAS is a major controller of BP during reduced TBS/TBW. First, the 
vasoconstrictive action of angiotensin II stabilizes BP in face of an acute deficit of TBS and 
TBW. Second, stimulation of renin, and thus, angiotensin II, and, even independently from 
angiotensin II, of aldosterone release, play a pivotal role in restoring TBS, thus maintaining long-
term BP.  
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ROLE OF GUANYLYL CYCLASE-A/NATRIURETIC PEPTIDE RECEPTOR-A IN 
THE PATHOPHYSIOLOGY OF HYPERTENSION AND CARDIAC REMODELING 
 
Elangovan Vellaichamy, Madan L. Khurana and Kailash N. Pandey 
Department of Physiology, Tulane University Health Sciences Center, New Orleans, LA 70112 
 
Objectives: The goal of this study was to determine whether ablation of Npr1 gene in mice 
alters the expression of matrix metalloproteinases (MMP-2 and MMP-9) and pro-inflammatory 
cytokines such as tumor necrosis factor (TNF-α) and transforming growth factor-β1 (TGF-β1) 
leading to an increased blood pressure and myocardial remodeling.  
Background: The targeted-disruption of Npr1 gene (coding for guanylyl cyclase/natriuretic 
peptide receptor-A; GC-A/NPRA) in mice exhibits increased blood pressure, cardiac 
hypertrophy, and congestive heart failure similar to those seen in untreated human hypertensive 
patients.  
Methods and Results: Blood pressure was measured by digital tail-cuff method.  Specific gene 
expression and protein levels were determined by ribonuclease protection assay and Western blot 
analysis, respectively.  Blood pressure were increased by 35-40 mmHg in Npr1 gene-disrupted 
(Npr1-/- ; 0-copy) mice as compared with wild-type (Npr1+/+; 2-copy) mice.  The expression 
levels of MMP-2, MMP-9, TNF-α, and TGF-β1 genes were significantly enhanced (3- to 5-fold) 
in Npr1 homozygous null mutant (0-copy) mice hearts as compared with wild-type (2-copy) 
control mice hearts. Myocardial fibrosis, total collagen, and collagen type I/III ratio were greatly 
increased in 0-copy mice as compared with age-matched 2-copy counterparts. Nuclear factor 
kappa-B (NF-κB) binding activity was enhanced by 4- to 5-fold in 0-copy mice hearts as 
compared with wild-type 2-copy mice hearts. The results suggest that NPRA signaling exerts 
inhibitory responses on MMPs, TGF-β1, and TNF-α expression in 0-copy mice hearts as 
compared with 2-copy mice hearts.  
Conclusions: The findings of this study indicate that disruption of Npr1 gene increases 
sustained blood pressure and promotes hypertrophic growth and extracellular matrix remodeling, 
which leads to the development of cardiac hypertrophy, fibrosis, and congestive heart failure.  
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ACUTE ADMINISTRATION OF RECOMBINANT TNF-α CAUSES RENAL 
VASOCONSTRICTOR AS WELL AS NATRIURETIC RESPONSES IN MICE 
 
M. Shahid1, J. Francis2, and D.S. Majid1 

1.Department of Physiology, Tulane University Health Sciences Center, New Orleans LA and 
2.LSU school of Veterinary Medicine, LSU, Baton Rouge LA 
 
Previous studies have implicated a role for TNFα in the pathogenesis of renal injury in 
hypertension and other chronic conditions. TNFα has also been shown to inhibit renal tubular 
channels activity in many in-vitro studies. However, the acute effects of TNFα on renal function 
in-vivo are not yet clearly defined. We examined the renal responses to continuous infusion of 
TNFα (0.33 ng/g/min) in anesthetized mice (C57BL/6). Arterial pressure (AP) was recorded 
from a carotid arterial cannula. Urine was collected from a cannula inserted into the bladder. 
Renal blood flow (RBF) and glomerular filtration rate (GFR) were determined by ultrasonic 
flowprobe and inulin clearance. Following the consecutive two 30 min control urine collections, 
TNFα infusion was initiated. After 15 min of stabilization, another two 30 min collections were 
made. TNFα (n=6) caused decreases in RBF (7.9±0.3 to 6.4±0.3 ml/min/g) and GFR (1.04±0.06 
to 0.62±0.08 ml/min/g) without altering AP. However, there were increases in urine flow 
(9.3±1.4 to 15.0±2.0 µl/min/g) and sodium excretion (0.8±0.3 to 1.4±0.3 µmol/min/g). These 
responses were not seen in animals pretreated with a TNFα blocker, etanercept (5 mg/kg, ip; 24 
hr before TNFα; n=6). Pretreatment with tempol (2µg/gm/min; i.v. started 2 hr before TNFα; 
n=5) also attenuated the decreases in RBF and GFR but the renal excretory responses to TNFα 
were found enhanced. In the L-NAME pretreated animals (0.1 µg/gm/min; i.v. started 2 hr 
before TNFα; n=5), TNF-α caused similar reduction in GFR as in tempol treated animals, 
however there were more decreases in RBF than by TNF-α alone; moreover, renal excretory 
responses to TNFα remained unaffected. These data suggest that enhanced superoxide 
production and reduced NO mediate the renal vasoconstrictor action of TNF-α. It appears that 
superoxide but not NO influence the TNF-α-induced natriuretic effect.  
Source of funding: 6354646NHLBI 
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LOW SODIUM INTAKE DOES NOT ALLEVIATE THE EFFECTS OF REDUCED 
RENAL PERFUSION PRESSURE ON BODY SODIUM, BODY WATER, AND 
SYSTEMIC ARTERIAL PRESSURE – BALANCE STUDIES IN FREELY MOVING 
DOGS  
 
Erdmann Seeliger 
Institute of Physiology, Charité CCM, Berlin, Germany 
 
Reduction of renal perfusion pressure (RPP) stimulates the renin-angiotensin-aldosterone 
system via the baroreceptor-like mechanism of pressure-dependent renin release. On the effector 
side, angiotensin II and aldosterone govern Na excretion and thus volume-based pressure 
control, and the vasoconstrictive effect of angiotensin II enables rapid volume-independent 
pressure control. We had previously shown that 20% reduction in RPP (rRPP) in dogs on high 
Na intake (HSI) results in Na and water retention on day 1, thus total body sodium (TBS) 
increases by 3 mmol/ kg, total body water (TBW) by 30 ml/ kg, and systemic blood pressure 
(BP) by 20 mm Hg. Thereafter, 24-h Na and water balances equilibrate, surplus of TBS and 
TBW, and BP elevation are neither increased nor reduced. This was termed Pressure Escape. 
Pressure Escape is brought about by diminished aldosterone release despite elevated renin. Here 
we study (1) whether Pressure Escape occurs on smaller TBS/TBW surplus and BP increase, 
when dogs on low Na intake (LSI) are subjected to rRPP, and (2) whether TBS/TBW surplus 
and BP increase induced by rRPP on HSI are reduced, when intake is changed to LSI during 
continued rRPP. 
Dogs on LSI retained small amounts of Na, K, and water throughout 4 days of rRPP, thus, TBS, 
total body K, and TBW increased gradually (day 4: +1.3 mmol Na/kg; +1.2 mmol K/kg; +19 ml 
water/kg) and BP increased in parallel (day 4: +12 mm Hg). Thus, Pressure Escape did not 
occur within 4 days. Renin and aldosterone levels remained very high throughout the 4 days. 
Changing Na intake from HSI to LSI on day 3, i.e., after completion of Pressure Escape on HSI, 
did not significantly reduce TBS and TBW surplus and BP elevation during continued rRPP. 
Renin and aldosterone dramatically increased with the change to LSI.  
Reduction of RPP as sensed by the baroreceptor-like pressure-dependent renin release is thought 
to pose an error signal for pressure control suggesting pressure were too low. However, judging 
from the differential effects on TBS/TBW and BP, reduction of RPP rather poses an error signal 
for TBS/TBW control suggesting that TBS/TBW had been reduced. Consequently, Na and water 
would be retained until the surplus gained matches the assumed “deficit”. Thus, Pressure Escape 
is accomplished within 24 hours if large amounts of Na are offered, yet would take several days 
to become completed if small amounts are offered. After accomplishing Escape, the actual 
surplus of TBS/TBW is defended by the body.  
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OXIDATIVE STRESS INCREASES ANGIOTENSIN II RESPONSES IN MESENTERIC 
ARTERIES OF ADULT MICE 
 
Andreas Patzak1, Sebastian Schmidt1, Olga Zavaritskaya1, Andreas Steege1, Michael Fähling1, 
Olaf Grisk1, Torsten Schlüter1, Peter Martinka1 
1Institute of Vegetative Physiology, Charité-Universitätsmedizin Berlin, Berlin, Germany             
2Institute of Physiology, Ernst-Moritz-Arndt-Universität, Greifswald, Germany 
 
Increased oxidative stress contributes to vascular remodeling and development of hypertension 
in aging animals. In this study we investigated the effect of oxidative stress on the responses of 
mesenteric arteries to angiotensin II (Ang II), endothelin 1 and phenylephrine in adolescent and 
adult mice. Isometric contractions of mesenteric arteries were measured using the Mulvany 
apparatus. Oxidative stress was induced by pretreatment with NADPH. This resulted in an 
increased constriction to Ang II in arteries of adult but not of adolescent mice. No effect was 
seen for endothelin 1 and phenylephrine. Combined treatment with NADPH and L-NAME 
further increased the maximum Ang II response in both groups and additionally the Ang II 
sensitivity in adult mice. However, the endothelium dependent vasodilatation was similar in both 
groups. Apocynin and tempol prevented the NADPH effect. Interestingly, NADPH treatment 
increased the oxygen radical production similarly in both groups. mRNA expressions of NOX1, 
NOX2, NOX4, p22phox and p47phox did not differ between adolescent and adult mice.  
Ang II induced cytosolic calcium transients were similar in NADPH treated and untreated adult 
mice. Inhibition of the p38 MAPK prevented the NADPH effect. Arteries of adult mice showed 
greater phosphorylation of this enzyme after NADPH treatment and Ang II application compared 
to pure Ang II. Further, vessels of mice deficient MK2, the downstream target of p38 MAPK, did 
not show a NADPH effect. Furthermore, no effect of NADPH was seen in endothelium denuded 
arteries. 
We conclude that oxidative stress increases Ang II responses in aging animals. The effect is not 
calcium mediated but involves p38 MAPK phosphorylation and MK2 pathway. Although the 
effect requires an intact endothelium, changes in nitric oxide bioavailability are not critical for 
the NADPH effect.  
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ROLE OF NOX2 IN THE CONTROL OF AFFERENT ARTERIOLE 
RESPONSIVENESS  
 
Mattias Carlström1, En Yin Lai1,2, Zufu Ma1 Andreas Patzak3, Russell D. Brown4* and A. Erik G. 
Persson1* 
1Department of Medical Cell Biology, Division of Integrative Physiology, Uppsala University, 
Sweden 2Division of Nephrology and Hypertension, Georgetown University Medical Centre, 
Washington, DC 20007, USA, 3Johannes-Müller-Institute of Physiology, University Hospital 
Charité, Humboldt-University of Berlin, Germany, 4Department of Physiology, Monash 
University, Australia 
* Russell D. Brown and A. Erik G. Persson are co-senior authors of this work 
 
NADPH oxidases (NOX) are the major source of reactive oxygen species in the vasculature and 
contribute to the control of renal perfusion. The role of NOX2 in the renal microvasculature was 
investigated by performing isotonic contractions in isolated and perfused afferent arterioles of 
NOX2-/- and wild-type mice. Angiotensin II (AngII) (10-14 - 10-6 mol/l) induced constrictions 
were weaker in NOX2-/- compared to wild-type. L-NAME (10-4 mol/l) treatment reduced basal 
diameters in NOX2-/- (-20%), but not wild-type, and did also augment AngII response. 
Adenosine (10-11 - 10-4 mol/l) constricted arterioles of wild-types but not of NOX2-/-. However, 
simultaneous inhibition of adenosine type-2 receptors induced vasoconstriction, which was 
stronger in NOX2-/-. Adenosine (10-8 mol/l) enhanced the AngII response in wild-type, but not in 
NOX2-/-. This sensitizing effect by adenosine was abolished by Apocynin. Chronic AngII 
pretreatment (14 days) did not change the AngII responses in NOX2-/-, but strengthened the 
response in wild-type. AngII pretreatment augmented the L-NAME response in the NOX2-/- (-
33%), but not in the wild-type, and simultaneous application of L-NAME and AngII caused a 
much stronger constriction in the NOX2-/- (-76%) than in wild-type (-48%). In conclusion, the 
NOX2 isoform plays an important role in the control of arteriole tone, and is involved in the 
contractile responses to AngII and adenosine. The mechanism of NOX2 action seems to be 
scavenging of nitric oxide by superoxide, with subsequent nitric oxide deficiency. The NOX2 
can be activated by elevated AngII levels and may play an important role in AngII induced 
hypertension. 
 



17 
 
INFLUENCES OF COLD-SENSING TRP ION CHANNELS ON VASCULAR TONE 
 
H.A. Coleman1, M. Tare1, S. Chen2, M. Wu2, B.P. McGrath2 and H.C. Parkington1 

1Department of Physiology, Monash University, Clayton, Victoria 3800 Australia 
2Department of Vascular Science and Medicine, Dandenong Hospital, Dandenong, Victoria 
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TRP (transient receptor potential) ion channels are increasingly being recognized as a major 
class of transducers that convert a very broad range of chemical and mechanical stimuli into 
electrical and mechanical activity in biological systems. In blood vessels, more than 10 different 
isoforms of TRP channels have been identified, with their locations including the smooth muscle 
and endothelial cells, and the nerves. Mechanosensitive TRP channels have been implicated in 
the myogenic response and the sensing of shear stress. Other activators of TRP channels include 
neurotransmitters, oxidative stress, lipids, hypoosmolarity, acid, heat, and cold. Elucidation of 
the role of TRP channels in pathological conditions is still very much in its infancy.  Here we 
consider the involvement of cold-sensing TRP ion channels in Raynaud’s phenomenon. 
Raynaud’s refers to episodic vasospasm of the small muscular arteries and arterioles of the 
fingers and toes, often precipitated by exposure to cold. Though endothelial dysfunction and the 
sympathetic nervous system have been implicated, the mechanisms underlying Raynaud’s 
disease remain poorly understood. 
We have been studying small subcutaneous arteries obtained from buttock biopsies of human 
volunteers that are either healthy or suffer from Raynaud’s phenomenon. Whenever possible, 
different segments of arteries from the same biopsy were studied in parallel, with one vessel 
mounted on a wire myograph for simultaneous recordings of membrane potential and tension. 
Another segment of artery was mounted on a pressure myograph to enable determination of 
passive and active mechanical properties of vessels under pressure. In both cases, tissues were 
superfused with physiological saline at 35°C.  
Brief (~2 min) superfusion of Raynaud’s vessels with cold physiological saline tended to evoke 
biphasic responses with depolarization and constriction and/or hyperpolarization and relaxation. 
Importantly, similar results were obtained when we applied icilin, an activator of the cold-
sensing TRPM8 and TRPA1 poorly-selective cation channels. However, the application of 
menthol, which activates TRPM8 ion channels, had little if any effect.  
Various studies indicate that TRPA1 channels occur on sensory nerves, but there are no reports 
of the ion channels occurring on smooth muscle or endothelial cells. Our results raise the 
possibility that TRPA1 channels on sensory nerves, activated by coldness, influence tone in 
peripheral human vessels.  
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A SYNTHETIC FLAVONOL PRESERVES POST-INFARCT CORONARY 
ENDOTHELIAL FUNCTION AFTER 7 DAYS REPERFUSION 
 
S Wang1,2, CJ Thomas1, GJ Dusting3, OL Woodman4 and CN May1.   
1Howard Florey Institute, University of Melbourne, 2Division of Cardiothoracic Surgery, 
Shanghai 10th People's Hospital, Shanghai, China, 3Bernard O'Brien Institute of Microsurgery, 
University of Melbourne, 4School of Medical Sciences, RMIT University, Victoria, Australia. 
 
A large body of evidence supports the involvement of reactive oxygen species in cardiovascular 
diseases, including hypertension, atherosclerosis, myocardial ischemia / reperfusion (I/R) injury, 
and restenosis after angioplasty or bypass surgery.  Increased superoxide production (O2

· -) and 
the loss of bioavailable nitric oxide (NO) have been shown to be particularly detrimental.  The 
synthetic flavonol, 3’, 4’-dihydroxyflavonol (DiOHF) is a potent antioxidant that reduces infarct 
size following myocardial ischemia-reperfusion.  Since oxidative stress induced by myocardial 
ischemia-reperfusion impairs endothelium-dependent vasodilatation, we investigated whether 
DiOHF treatment preserved coronary endothelial function following ischemia-reperfusion. One 
week after surgery to instrument the heart, conscious, instrumented sheep were subjected to 1 h 
occlusion of the left anterior descending coronary artery followed by 7 days reperfusion. Five 
minutes before reperfusion, sheep were injected with DiOHF (2 mg/kg iv, n=4) or vehicle (0.5ml 
dimethyl sulphoxide + 4.5ml polyethylene glycol, n=4). Coronary vascular responses to the 
endothelium-dependent dilator acetylcholine (ACh; 0.05-10.0 µg/kg/min iv), sodium 
nitroprusside and phenylephrine were determined. After 1h of ischemia-reperfusion and vehicle 
treatment, dP/dtmax decreased from 1511±93 mmHg/s to 1094±53 mmHg/s (P<0.05) at 24 h, but 
by 7 days had returned towards baseline (1347±91 mmHg/s). In contrast, ischemia-reperfusion 
did not reduce dP/dtmax in DiOHF treated sheep. Coronary conductance (CC) was increased 
(+34±4 %) by ACh (10 µg/kg/min) given before ischemia, but this vasodilator response was 
significantly reduced after 24 h and 7 days of reperfusion (+7±2 %, +15±2 %, respectively, both 
P<0.05). Treatment with DiOHF partially preserved the coronary vasodilator response to ACh 
after 24h reperfusion (basal 37±7%, 24 h 18±5%) and after 7 days reperfusion the vasodilator 
response (31±7%) had fully recovered. DiOHF significantly decreased infarct size, expressed as 
a percentage of area at risk, by approximately 40% (vehicle 80±7 %, DiOHF 46±11 %, P<0.05).  
In conclusion, a single administration of DiOHF, during ischaemia and just prior to reperfusion 
for 7 days, reduced infarct size, preserved ventricular contractility and caused a sustained 
protection against endothelial dysfunction in the coronary vasculature.  These data indicate that 
treatment with an antioxidant drug prevents coronary endothelial damage caused by reactive 
oxygen species post-infarction. 
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RESVERATROL REVERSES ESTROGEN-INDUCED HYPERTENSION IN FEMALE 
RATS 
 
Madhan Subramanian1, Hannah Garver2, Gregory D. Fink2, Sheba Mohankumar2, P. S. 
Mohankumar1.  
1Department of Pathobiology and Diagnostic Investigation, 2Department of Pharmacology and 
Toxicology, Michigan State University, East Lansing, MI. 
 
Estrogens used in hormone replacement therapy (HRT) are believed to protect against 
osteoporosis, memory loss, etc. However, recent evidence indicates that HRT increases the risk 
of coronary heart disease and stroke. Studies from our laboratory suggest that chronic estrogen 
exposure causes oxidative stress. Since oxidative stress is known to play an important role in the 
development of hypertension, we wanted to study if chronic exposure to low levels of estrogen 
causes hypertension in rats. An antioxidant, resveratrol was used to block the effect of estrogen 
exposure. Adult female Sprague-Dawley rats were either sham implanted or implanted (s.c.) with 
90-day slow release estradiol- 17β (E2; 20 ng/day) pellets. Seven weeks later, they were further 
divided into two groups and fed chow or chow that contained 0.84g resveratrol/kg. Three weeks 
later, rats were implanted with telemeters via the femoral artery to monitor blood pressure. E2 
exposure increased both mean systolic (MSP) and diastolic pressures (MDP) (mm of Hg; mean ± 
S.E.) significantly to 134.4±0.4 and 92.8±0.2 respectively, compared to control rats (124.1±0.5 
and 84.8±0.3 respectively) (p<0.05). While treatment with resveratrol alone did not alter MSP 
(122.7±0.4) or MDP (85.1±0.2), it was capable of reversing the increase in both MSP 
(126.5±0.3) and MDP (84.6±0.2) caused by E2 exposure (p<0.05). These results indicate that 
chronic exposure to low levels of E2 can increase blood pressure in female rats and this effect is 
most probably mediated through oxidative stress pathways. Supported by NIH AG 027697.  
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IN VITRO STUDY OF THE PHYSICAL RESPONSE OF BLOOD-VESSELS TO VASO-
ACTIVE AGENTS BASED ON COLOUR-IMAGE PROCESSING  
  
 1Rohit Nayak, 2Nikhil  Prabhu, 3Prakasa Rao, J. and 4Ramesh R. Galigekere   
1Department of Electrical Engineering, MIT, Manipal – 576 104, 2Department of Physiology, 
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Medical College, Manipal– 576 104, 4 Professor & Head, Department of Biomedical 
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Cardiovascular diseases contribute significantly to morbidity and mortality of the human 
population; diseases affecting the coronary, cerebral and renal blood-vessels are the predominant 
age-related disorders. In the context, it would be useful to assess the physical response of the 
blood vessels under the influence of vaso-active-agents.  Such a study would be useful in 
understanding cardiovascular receptor-physiology, and may also pave the way for the 
development of newer drugs.            
One may use a tension-transducer to estimate the physical response of a vessel placed in a 
perfusion bath. However, the method may not provide accurate results (since the basal tension is 
applied mainly at the two points of anchorage), and needs highly sensitive and expensive 
transducers. Alternatively, we recently proposed a method involving a capture of time-sequence 
of images (video) of a thin slice of the artery, placed under an optical microscope, to study the 
reaction to adrenaline. The set-up involves a web-camera mounted rigidly on a microscope, and 
connected to a PC. The processing method consisted of outlining the spatial limit of the inner 
wall of the artery, and estimating the approximate number of pixels within the vessel lumen, as a 
function of time, based on gray-level images.   
In this paper, we present the results of experiments using our set-up, based on colour-image 
processing involving the maximum-entropy principle (MEP) to detect the pixels within the 
vessel-lumen. MATLAB was used for capturing and processing the images. The motivation 
behind using colour-imaging was that it allows one to consider more parameters – towards 
improved detection, and also to minimize the sensitivity to possible fluctuations in 
brightness/intensity. The MEP allows an automatic-determination of the threshold-value for 
segmenting the pixels within the lumen. The number of pixels within the vessel-lumen is 
proportional to the lumen-area, and its record as a function of time, is useful for analyzing and 
understanding the behavior of the arterial tissue under the influence of vaso-active-agents. Our 
method is flexible, sensitive and robust, and can be made completely automatic by zooming-in 
on the vessel-cross-section, through microscopic adjustment.                                           
Our experiments involved thin cross-sections of a frog’s artery. The 600 second video-capture 
(frame-rate: 0.5) was initiated a few seconds prior to the administration of the vaso-active-agent, 
and the recorded image-sequence was processed by the method outlined above. The lumen-area 
was plotted as a function of time, under the influence of caffeine and KCl. The plots resulting 
from several experiments revealed that, the vessel-segment relaxed under the influence of 
caffeine, and contracted under the influence of KCl.  
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SODIUM-LITHIUM COUNTERTRANSPORT ACTIVITY AS A DETERMINANT SALT 
SENSITIVE HYPERTENSION IN THE BABOON 
 
Joseph R. Haywood1, Laura Cox4, Carmen Hinojosa-Laborde2, and Robert Shade3.  
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Increased sodium-lithium countertransport (SLC) activity has been identified as a marker for a 
subset of essential hypertensive patients. A subpopulation of baboons have also been shown to 
have the trait of increased SLC activity. The goal of this study was to determine if baboons with 
high SLC activity are hypertensive and if the blood pressure of these animals is sensitive to 
increased salt intake and/or angiotensin II (Ang II) infusion. Baboons were identified as normal 
(0.256±.009 µmol/L RBCs per hr) or high (0.426±.017 µmol/L RBCs per hr) SLC activity. The 
animals were prepared with catheters for measurement of mean arterial blood pressure (MAP) 
and blood samples. During sequential 3 week periods, the baboons were maintained on low salt 
diet (20mMol/day), low salt diet + angiotensin II infusion (1 ng/kg/min), high salt diet 
(150mMol/day) + angiotensin II infusion, and high salt intake. High SLC animals experienced an 
increase in arterial pressure on high salt intake (94±3 vs. 115±8 mmHg) while normal SLC 
animals did not (96±2 vs. 103±6 mmHg). On low salt diet, infusion of Ang II caused a greater 
increase in MAP in the high SLC baboons (96±2 to 117±7 mmHg) compared to normal SLC 
animals (94±3 to 107±5 mmHg). On high salt diet, Ang II infusion caused comparable increases 
in MAP. High salt diet suppressed plasma renin activity (PRA) in normal SLC baboons (6.2±1.4 
vs. 3.3±1.1 ng/ml/hr) while PRA increased in high SLC animals on high salt (5.3±1.4 vs. 9.0±2.5 
ng/ml/hr). Ang II infusion suppressed PRA in both groups of baboons. Plasma aldosterone 
(ALDO) decreased in normal SLC on high salt diet compared to low salt intake (41±20 vs. 
158±38 pg/ml) while ALDO did not change in high SLC animals (101±47 vs. 104±33 pg/ml). 
These data indicate that the high SLC phenotype is related to a salt sensitive blood pressure. The 
salt sensitivity is associated with a dysregulation of the renin-angiotensin-aldosterone system 
since neither PRA nor ALDO were suppressed with high salt intake. The inappropriately high 
levels of PRA and ALDO for the level of sodium intake are considered to be contributing factors 
to the expression of salt sensitive hypertension. 
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HOW DO ELEVATIONS IN BRAIN SODIUM CONCENTRATION INCREASE BLOOD 
PRESSURE?  
 
Clive N. May, Robert Frithiof, Leopoldo A. Sosa León 
Howard Florey Institute, University of Melbourne, Parkville Victoria, Australia 
 
It remains unclear how increases in blood and cerebral sodium levels raise blood pressure. 
Increases in both blood volume and sympathetic nerve activity have been implicated, with effects 
on the sympathetic nervous system possibly being mediated by increases in cerebral sodium 
concentration. Studies in anaesthetized animals have found that central administration of 
hypertonic saline increases renal sympathetic nerve activity (SNA), which could play a role in 
the increase in arterial pressure. Few studies have recorded the effects of central infusion of 
hypertonic saline on SNA in conscious animals, and the haemodynamic changes that lead to the 
increase in arterial pressure have not been examined.  
Previously, we demonstrated that increasing the cerebral sodium concentration in conscious 
sheep inhibited SNA to the kidney, but stimulated activity to the heart. Recently we 
demonstrated a similar inhibition of renal SNA and stimulation of cardiac SNA in response to 
bilateral intra-carotid infusion of hypertonic saline (1.2 M at 1.0 mL/min up each carotid). In 
both cases the inhibition of renal SNA was greater than that which could be attributed to 
inhibition by arterial baroreceptors in response to the increase in arterial pressure. In a further 
study the effect of intracerebroventricular (ICV) hypertonic saline (0.6M at 1 mL/h) on cardiac 
output and regional haemodynamics was examined. The pressor response that occurred was not 
accompanied by an increase in cardiac output, despite the increase in cardiac SNA, but was 
dependent on peripheral vasoconstriction as shown by the fall in total peripheral conductance. 
Vasoconstriction occurred in the renal vascular bed during ICV hypertonic saline, although this 
treatment inhibits renal SNA. The level of vasoconstriction in the kidney was insufficient to 
account for the increase in arterial pressure, indicating that vasoconstriction must occur in other 
vascular beds.  
These data demonstrate that increases in cerebral sodium concentration have divergent effects on 
the sympathetic nervous system, causing inhibition of renal SNA but stimulation of cardiac 
SNA, thus indicating that different central pathways mediate these responses. Surprisingly, the 
changes in SNA had little effect on the heart or kidney, suggesting that other mechanisms 
(humoral effects, renal autoregulation and vagal effects on the heart) override the effects of the 
sympathetic nerves. Further studies are required to determine the sites and causes of the 
vasoconstriction by which an elevated cerebral concentration of sodium increases arterial 
pressure. 
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BRAIN BENZAMIL-BLOCKABLE SODIUM CHANNELS CONTRIBUTE TO     
ANGII-SALT HYPERTENSION IN CONSCIOUS RATS 
 
John W. Osborn and Pilar Guzman 
Department of Integrative Biology and Physiology, Neurogenic Cardiovascular Diseases 
Consortium, University of Minnesota, United States 
 
Numerous studies in several species have demonstrated that peripheral administration of 
angiotensin II (AngII), when combined with a high salt diet, causes hypertension in experimental 
animals. Since AngII stimulates aldosterone release, it is logical to conclude that this model of 
hypertension is the result of increased reabsorbtion of sodium in the distal nephron secondary to 
upregulation of epithelial sodium channels (ENaCs) by aldosterone. Contrary to this hypothesis, 
we propose that circulating AngII increases the sensitivity of central sympathetic pathways to 
increased sodium (Na) intake. Therefore, we examined the effect of blockade of brain Na 
channels on AngII-salt hypertension by intracerebroventricular (ICV) infusion of benzamill, an 
amiloride analog, which blocks several Na channels including epithelial Na channels (ENaCs), 
acid sensitive ion channels (ASICs) and the Na/Ca exchanger. Male Sprague Dawley rats were 
maintained on a high salt diet (2% NaCl) and instrumented with telemeters for measurement of 
AP and heart rate (HR) and an indwelling ICV cannula for infusion of  vehicle (VEH; N=6) or 
benzamil (BNZ; N = 10). After a 1 week recovery period, AP, HR, Na (NaI) and water intake 
(WI) were measured for 3 control days and during 10 days of subcutaneous AngII (150 
ng/kg/min). Comparison of VEH to BNZ groups (mean + SE) revealed no differences during the 
control period for AP (101 + 3 vs 102 + 2 mm Hg), HR (346 + 6 vs 351 + 5 bpm), NaI (7.6 + 0.6 
vs 8.4 + 0.2 mEq/24h) or WI (29 + 2 vs 34 +1 ml/24h). By Day 6 of AngII, AP increased 
similarly in VEH (117 + 5) and BNZ (115 + 4) groups. AP continued to increase by Day 10 of 
AngII in VEH rats (121 + 8), but returned to near control levels in BNZ rats (107 + 3). There 
were no differences between groups for HR, NaI or WI during the 10 days of AngII. We 
conclude that the neurogenic component of AngII-salt hypertension in the rat is dependent on 
benzamil blockable sodium channels in the brain. These results are consistent with the 
hypothesis that AngII-salt hypertension in the rat is largely driven by increased sympathetic 
nerve activity. 
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It has been argued that all major risk factors for hypertension have been identified, so health 
expenditure should be directed to eradication of known risk factors rather than identification of 
novel risk factors. But this argument assumes that established risk factors are relevant to all 
human populations and so the global burden of hypertension. Yet previous studies have focused 
on developed nations and most studies in developing nations have been of urban or relatively 
affluent rural populations. These considerations provided the rationale for the Rishi Valley 
Vascular Disease Project, a study of risk factors of cardiovascular disease in a disadvantaged 
rural community representative of approximately 300 million Indians. 
In a pilot study, trained health workers administered questionnaires to residents (1472 adults ≥ 
18 years of age, mean age 39.8 years, 46.3% male) to obtain lifestyle information (smoking, 
alcohol consumption, physical activity). Blood pressure, height, weight, waist-hip ratio, blood 
glucose, cholesterol, triglyceride and haemoglobin were also measured. 
The prevalence of risk factors for vascular disease was different to that observed in developed 
countries. In total 52.0% were underweight (body mass index < 19 kg/m2), 19.3% had elevated 
blood cholesterol levels, 1.3% had elevated blood glucose levels and 41.2% of men were current 
smokers. There were large differences in risk factors between men and women. In particular 
women were more often underweight and anaemic (Table). Daily salt intake per person was 
approximately 5 times greater than the recommended daily salt intake for adults (<5 g/day). 
Despite the young age of this population, the prevalence of hypertension (blood pressure ≥ 
140/90 mmHg) was 10.0%.  

Variable Male (n=695) Female (n=802) P 
Anaemia  84 (12.1%) 187 (23.4%) <0.001 
Underweight 332 (47.8%) 445 (55.8%)   0.003 
Hypertension 98 (14.1%)   51 (6.4%) <0.001 
Smokers 286 (41.2%)   2 (0.3%) <0.001 
Alcohol Use 222 (31.9%)   6 (0.8%) <0.001 
Animal studies have shown that a poor intrauterine environment, particularly protein 
malnutrition, can lead to reduced nephron endowment. There is also strong evidence that such 
nephron deficiencies can render blood pressure salt sensitive. Our observations in the Rishi 
Valley show evidence of poor nutrition, particularly in women, and extremely high salt intake. If 
the biological interactions between maternal malnutrition and adult salt intake observed in 
animal studies also occur in humans, this combination of nutritional factors may represent an 
important cause of hypertension in disadvantaged communities such as the Rishi Valley. This 
hypothesis merits formal testing.  
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CLINICAL SALT STUDIES – MOUSE HIGH SALT TREATMENT LEADING TO 
HYPERTENSION IN THE YOUNG ADULT 
 
Erik Persson 
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The kidney can determine the blood pressure level in the body by shifting the salt excretion. In a 
normal individual, salt excretion increases drasticly by an increase in blood pressure. With a 
normal pressure–diuresis curve it is difficult to understand  that a blood pressure increase could 
be generated at all by non-renal causes. A cause of essential hypertension like α-adducin defects 
(Human and Milano Hypertensive rats, MHS) increases the sodium reabsorbtive  transport 
capacity in the nephron. Such a salt transport change could explain an impaired pressure-diuresis 
condition. A salt excretory defect could also be provoked by increased salt in the diet. The 
importance of nephron endowment and salt intake for the development of hypertension is under 
debate.  
The present study was designed to investigate if reduced nephron number, after completion of 
nephrogenesis, or chronic salt loading cause renal injury and salt-sensitive hypertension in 
adulthood.  Rats were operated at 3-weeks of age (after completed nephrogenesis) and then 
subjected to either normal or high salt diets for 6-8 weeks. Four different experimental groups 
were used: sham-operated animals raised with normal salt diet (Controls) or high salt diet (HS) 
and uninephrectomized animals raised with normal salt diet (UNX) or high salt diet (UNX+HS). 
In the adult animals, renal and cardiovascular functions were evaluated and blood pressure 
recorded telemetrically, under different sodium conditions (normal, high and low). Hypertension 
was present in UNX+HS (122±9 mmHg), UNX (101±3 mmHg) and HS (96±1 mmHg) groups 
on normal salt diets compared with the controls (84±2 mmHg) and the blood pressure was salt-
sensitive (high vs. normal salt diet) (23±3, 9±2, 7±2 and 1±1 mmHg, respectively). The 
hypertensive groups (UNX+HS, UNX and HS) had increased diuresis and reduced ability to 
concentrate urine. The GFR (mL/min) in anaesthetized rats was reduced in the UNX+HS 
(2.36±0.30) and UNX animals (2.00±0.31) compared with both HS animals (3.55±0.45) and 
controls (3.01±0.35). Hypertensive groups displayed reduced plasma renin concentrations during 
high sodium conditions and hypertrophic kidneys and hearts with various degrees of 
histopathological changes.   
In conclusion, at young age after completed nephrogenesis, uninephrectomy or chronic salt 
loading cause renal and cardiovascular injury with salt-sensitive hypertension.  
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“GLOMERULI AND BLOOD PRESSURE. LESS OF ONE, MORE THE OTHER?”  
TIME TO QUESTION THE BRENNER HYPOTHESIS 
 
Michelle Kett 
Department of Physiology, Monash University, Victoria, Australia 
 
In 1988 Brenner and colleagues put forth the hypothesis that acquired or congenital deficiencies 
in nephron number contribute to the development of essential hypertension.  Although initially 
controversial due to the relatively normal blood pressures of adult kidney donors, there is now 
almost universal acceptance of the modified hypothesis that a reduced nephron endowment (ie 
fewer nephrons from birth) leads to adult hypertension.  The literature is full of a variety of 
animal models of reduced nephron number induced by an extensive number of adverse stimuli in 
utero in numerous animal species.  Thus we have become acutely aware of just how sensitive the 
developing kidney is to the availability of particular factors and exposure to particular toxins.  It 
is therefore of no surprise to find that human studies have found an almost 10 fold difference in 
nephron number in a single study of Americans from Mississippi.   
But does a reduced nephron endowment translate to systemic hypertension?  The bulk of the 
literature agrees.  However much of the data come from animal models where the reduced 
nephron endowment is induced by global insults to the mother or fetus.  Thus it is difficult to 
identify the contribution of the fewer nephrons to the development of hypertension in these 
models when they also show changes to other systems key to blood pressure control such as the 
HPA axis, renin-angiotensin system and vascular reactivity.  Another confounding factor is the 
methodology associated with blood pressure measurement and indeed when radiotelemetry is 
used, the degree of hypertension in these models is vastly diminished. 
We have extensively examined a mouse model of reduced nephron endowment induced by a 
haplodeficiency of GDNF, a factor critical for nephrogenesis.  These GDNF heterozygous mice 
come in two phenotypes; (i) born with two small kidneys and 25-30% nephron deficit or (ii) born 
with one kidney and a 65% nephron deficit and are compared with their wild-type littermates.  
We have followed these mice well into mouse ‘middle-age’ and measured conscious blood 
pressure, renal function and glomerular hypertrophy.  24hr MAP of wild-type (104.7± 2.1mmHg; 
n=17), GDNF Het 2kidneys (103.7 ± 2.0mmHg; n=6) and GDNF Het 1 Kidney (99.5 ± 
2.7mmHg; n=11) mice were not significantly different at 14months of age. However following 
one week of high salt diet (5%NaCl) 24hr MAP of GDNF Het 1kidney mice increased 
significantly by 9.9mmHg compared wild-type mice that showed a non significant increase of 
only 1.7mmHg.  Our data would suggest that a reduced nephron number does not contribute 
directly to systemic hypertension but may increase the susceptibility to hypertensive stimuli, 
particularly salt.  
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DEVELOPMENT OF SALT-SENSITIVE HYPERTENSION IN HYDRONEPHROSIS 
 
Mattias Carlström1, Johan Sällström1, En Yin Lai1, 2, Andreas Patzak3, Russell D. Brown4 Nils 
Wåhlin1 and A. Erik G. Persson1 
1Department of Medical Cell Biology, Division of Integrative Physiology, Uppsala University, 
Sweden 2Division of Nephrology and Hypertension, Georgetown University Medical Centre, 
Washington, DC 20007, USA, 3Johannes-Müller-Institute of Physiology, University Hospital 
Charité, Humboldt-University of Berlin, Germany, 4Department of Physiology, Monash 
University, Australia 
 
Hydronephrosis, due to ureteropelvic junction obstruction, is a common condition in infants with 
an incidence of approximately 1%. During the last decade, the surgical management of non-
symptomatic hydronephrosis has become more conservative, and the long-term physiological 
consequences of this new policy are unclear. The aims of this study was to determine whether 
there is a link between hydronephrosis and the development of hypertension, and if so, further 
determine the mechanisms that are involved. Hydronephrosis was induced by partial ureteral 
obstruction in 3-week old rats or mice. In the adult animals, blood pressure was measured 
telemetrically during different sodium conditions and the renal function was evaluated. Both 
species developed salt-sensitive hypertension and histopathological changes (i.e. fibrosis, 
inflammation, glomerular and tubular changes) that correlated with the degree of 
hydronephrosis. Using isolated and perfused afferent arterioles an abnormal renal responsiveness 
was observed for the vasoactive substances Angiotensin II and Adenosine in hydronephrotic 
mice. This was associated with a changed renal excretion pattern (i.e. increased diuresis and 
impaired urine concentrating ability) The mechanisms were primarily located to the diseased 
kidney, as relief of the obstruction attenuated blood pressure and salt-sensitivity. Increased renin 
angiotensin system activity, due to ureteral obstruction, might be involved in the development 
but not necessary the maintenance of hypertension. Hydronephrotic animals displayed reduced 
nitric oxide availability, which is probably due to increased oxidative stress in the diseased 
kidney. The assumption of increased oxidative stress in hydronephrosis was based on the fact 
that hydronephrotic mice, overexpressing superoxide dismutase (SOD1-transgenic), did not 
develop hypertension whereas those lacking superoxide dismutase (SOD1-knock out) displayed 
more pronounced salt-sensitive hypertension and renal injuries. Renal nitric oxide deficiency, 
due to oxidative stress, and subsequent resetting of the tubuloglomerular feedback mechanism 
appeared to have an important role in the development of hypertension in hydronephrosis. 
Treatment modalities that increased NO (L-arg,inine) or decreased oxidative stress (Tempol, 
Vitamin E) attenuated hypertension and normalized the TGF in hydronephrotic animals. In 
conclusion, experimental hydronephrosis, induced by partial ureteral obstruction, provides a new 
model for studies of salt-sensitive hypertension. Furthermore, the new findings imply that the 
current conservative treatment strategy in hydronephrosis should be reconsidered in favour of 
treatment that is more active, in order to prevent the development of renal injury and 
hypertension in later life. 
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DEVELOPMENTAL ORIGINS OF CARDIOVASCULAR DISEASE IN ADULTHOOD 
 
HC Parkington1, K Kenna1, F Sozo2, R Harding2, A Bocking3, J Brien3, EM Wintour-Coghlan2, 
K Moritz4, HA Coleman1, M Tare1 

Depts Physiology1 and Anatomy & Developmental Biology2, Monash University, Clayton, Vic 
3800, Australia, 3Dept Obstetrics & Gynecology, Toronto University, Ontario M5G 1X5, 
Canada, and Dept Physiology4 University of Queensland, Australia 
 
Suboptimal conditions in fetal life such as inadequate placental function, poor maternal nutrition 
or substance abuse can have profound influences on health and wellbeing over the lifespan of the 
individual. Adverse outcomes include a predisposition to cardiovascular disease, Syndrome X 
and diabetes. We exploit several animal models in an attempt to understand the mechanisms 
underlying such programming of cardiovascular disease.  
In our sheep model of placental insufficiency in late pregnancy we have previously found a 
striking effect on heart cell size and number. More recently we have found abnormal endothelial 
function in small coronary arteries in these animals as fetuses and this persists after birth. This 
included impaired nitric oxide bioavailability and relaxation due to endothelium-derived 
hyperpolarizing factor, but a marked increase in prostanoid vasodilator function. There was also 
a marked increase in vessel stiffness. Mean arterial blood pressure was raised by some 10mmHg 
in these neonates.  
Exposure of ewes to high glucocorticoid levels on days 26-28 of pregnancy is associated with 
hypertension in the offspring at two years of age. We followed the female offspring out to 7 
years of age and a range of vessels exhibited increased vascular sensitivity to vasoconstrictors, 
endothelial dysfunction and enhanced vascular stiffness compared with age-matched controls.  
We have also studied the effects of modest alcohol infusion in ewes 
on vascular outcomes in the fetus and in the offspring at 8 weeks of 
age. We studied small coronary, renal, cerebral, muscle and 
mesenteric arteries and found dysfunctional endothelial dependent 
vasodilator function and enhanced constrictor capacity in coronary 
arteries. Compensatory vasodilation occurred in renal and femoral 
arteries. However, in all arteries there was marked arterial stiffness 
in individuals exposed to alcohol in utero (see Fig). mRNA for 
collagen was increased while mRNA for elastin was reduced compared 

300
Control

A striking feature in common in our animal models of cardiova
consequence of suboptimal conditions in fetal life is the increase in art
Japanese men reported a progressive increase in pulse wave velocity
alcohol consumption. We will now measure PWV in our current crop 
old lambs. The arterial wall contains collagen, which imparts strength
which confers elasticity. The increase in collagen and decrease in elas
the stiffer arteries was not surprising. However, collagen and elastin p
evaluated and are under current investigation. The increased stiffness c
vulnerable to atherosclerosis and blockage, and the thin wall would b
Thus, early insults produce vascular dysfunction that may persist
individual at enhanced risk of cardiovascular disease. 
with control arteries.   

0.00 0.05 0.10 0.15 0.20 0.25
0

100

200
Alcohol

Strain

S
tre

ss
 (k

P
a)

scular dysfunction as a 
erial stiffness. A study of 
 (PWV) with increasing 

of alcohol-treated 8 week 
 and rigidity, and elastin, 
tin mRNA expression in 

rotein levels remain to be 
ould render vessels more 

e vulnerable to aneurism. 
 for life, rendering the 



 
29 

 
REPRODUCIBLE PATTERNS OF HEART RATE AND STROKE VOLUME 
RESPONSES TO COMBINED HEAD UP TILT AND LOWER BODY NEGATIVE 
PRESSURE 
 
Nandu Goswami1, Andreas Roessler1, Helmut K. Lackner3, Schneditz D1, Erik Grasser1, Helmut 
G. Hinghofer-Szalkay 1,2 
1Institute of Physiology, Center of Physiological Medicine, Medical University Graz 
2Institute of Adaptive and Spaceflight Physiology, Wormgasse 9, Graz 
3Institute of Medical Engineering, University of Technology, Graz, Austria 
 
Aims: Orthostatic stress augmented by concomitant lower body pressure (LBNP) is considered a 
perturbation to exploit the full spectrum of cardiovascular control mechanisms and to reveal all 
characteristics of individual blood pressure control. We wanted to analyze whether the 
hemodynamic response to augmented orthostatic stress was reproducible within subjects and 
whether characteristic patterns in the hemodynamic response could be distinguished between 
different subjects.  
Material and methods: Ten healthy young males were subjected to orthostatic stress augmented 
by graded LBNP to achieve a pre-syncopal end-point in four tests each separated by more than 
two weeks. Beat to beat continuous hemodynamic variables were measured and analyzed by 
statistical models.  
Results: From supine control to presyncope, heart rate, mean arterial blood pressure, pulse 
pressure and stroke index showed the expected responses (all changes p<0.05). The time courses 
of heart rate and stroke volume as well as orthostatic tolerance times (15±6 to 18±7 min, n.s) 
were highly reproducible between trials done in the same subject but clearly different between 
trials done in different subjects.  
Conclusion: The difference observed between subjects indicates preferred activation of selected 
pathways of the various components of blood pressure control in different individuals while at 
the same time the high reproducibility measured within the same subject shows that preferential 
mechanisms are highly conserved within the same individual. These characteristics are a 
prerequisite to use augmented orthostatic stress for hemodynamic testing and identification. 

 
Key terms: Graded orthostatic stress, presyncope, hemodynamics, blood pressure, orthostatic 
tolerance. 
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EFFECT OF ANTIHYPERTENSIVE DRUG THERAPY ON AUTONOMIC FUNCTION 
IN NEWLY DIAGNOSED ESSENTIAL HYPERTENSION 
 
P. Pavithran and Madanmohan  
Department of Physiology, Jawaharlal Institute of Postgraduate Medical Education and 
Research, Pondicherry, India. 
 
Antihypertensive drugs have been reported to modify autonomic function in hypertension. Some 
drugs like beta-blockers are known to improve the autonomic status where as the action of 
calcium channel blockers on autonomic function are contentious. In the present study we 
assessed the effect of 8-weeks of antihypertensive therapy with amlodipine, atenolol, enalapril, 
hydrochlorothiazide and a combination of amlodipine and atenolol in newly diagnosed untreated 
essential hypertension. 150 newly diagnosed untreated essential hypertensives belonging to both 
gender (mean age 48 ± 10 years) with mean sitting SP 158 ± 15 mm Hg and DP 98 ± 9 mm Hg 
were recruited for the study. They were randomly assigned to the five drug groups consisting of 
30 subjects in each group.  Classical autonomic function tests such as heart rate variation during 
deep breathing (HRV db), blood pressure and heart rate response to standing and isometric 
handgrip (IHG) tests along with HRV during 5 minutes of supine rest and standing were used to 
assess autonomic function. Autonomic function tests and HRV analysis were done before and 
after 8-weeks of drug therapy. Systolic pressure (SP), diastolic pressure(DP) and pulse pressure 
during sitting and supine rest decreased significantly in all groups following drug therapy 
(P<0.01 for all). A significant fall in change in DP at the end of 2minutes of standing was 
observed in atenolol group (P<0.05). Where as in the enalapril group change in SP and rate-
pressure product at two minute standing was increased following therapy (P<0.05 for both). 
Time and frequency domain indices of heart rate variability in amlodipine, enalapril and 
hydrochlorothiazide did not show significant change following therapy. Mean RR interval supine 
and mean RR standing in atenolol group (P< 0.01, P< 0.05 respectively) and in amlodipine+ 
atenolol combination group (P <0.01 for both) increased significantly following 8weeks of 
therapy. SDNN supine rest (P< 0.05), RR triangular index standing (P<0.05), RMSSD supine 
rest (P<0.01) and standing (P<0.05) and HF power normalized supine and standing (P<0.05 for 
both) increased significantly where as LF power normalized in supine and standing decreased 
(P<0.05 for both) significantly after 8 weeks of therapy in the combination group. Change in SP 
(P = 0.04), HR (P = 0.007) and RPP (P = 0.004) during IHG decreased significantly following 8 
weeks of therapy in the combination group. This study provides evidence that 8-weeks of 
therapy with a combination of amlodipine and atenolol in patients with new onset hypertension is 
associated with significant increments in overall HRV besides lowering of resting BP.  
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RESETTING OF THE BAROREFLEX BY CENTRAL MECHANISMS: RESETTING 
THE RECORD 
 
Thomas E. Lohmeier1, Terry M. Dwyer1, D.A. Hildebrandt1, Radu Iliescu1, Eric D. Irwin2, Adam 
W. Cates3, Martin A. Rossing3  
University of Mississippi Medical Center, Jackson1, MS; North Memorial Medical Center, 
Robbinsdale, MN2; CVRx, Inc., Minneapolis, MN3 
 
Because the baroreflex resets in the direction of the ambient pressure, a role for the baroreflex in 
long-term control of arterial pressure is often discounted. However, technical limitations have 
precluded a precise determination of the degree of baroreflex resetting in hypertension. Perhaps 
the strongest evidence from chronic studies that the baroreflex is not important in long-term 
control of arterial pressure is the absence of sustained hypertension in animals following 
sinoaortic denervation. An assumption from these studies is that central adaptations play an 
important role in attenuating the initial sympathoexcitation and attendant hypertension following 
baroreceptor deafferentation. In the present study, we determined whether the central nervous 
system contributes to chronic resetting of the baroreflex by applying continuous trains of 
impulses to the carotid sinuses. This technique bypasses mechanotransduction at the level of 
baroreceptors producing controlled electrical activation of baroreceptor afferents. Four 
normotensive dogs were studied using 24 hour recordings of mean arterial pressure (MAP) and 
heart rate (HR). Control values for MAP, HR, and plasma norepinephrine concentration (NE) 
were 92±3 mmHg, 69±7 bpm, and 125±18 pg/ml, respectively. After one week of baroreflex 
activation, there were substantial reductions in MAP (68±2 mmHg), HR (55±6 bpm), and NE 
(62± 13 pg/ml), which were comparable to day 1 values. Moreover, this degree of suppression of 
sympathetic activity and HR persisted throughout the entire 3 weeks of baroreflex activation 
with only a modest diminution in the reflex-induced fall in arterial pressure. After 3 weeks of 
carotid sinus stimulation, values for MAP, HR, and NE were 74±3 mmHg, 54±7 bpm, and 61±7 
pg/ml, respectively. After discontinuing baroreflex activation, MAP, HR, and NE returned to 
control levels. These findings suggest that central mechanisms have a relatively minor role in 
diminishing the sympathoinhibition induced by sustained increases in baroreceptor afferent 
activity. Furthermore, they are consistent with emerging evidence that baroreflex resetting is 
incomplete during chronic increases in arterial pressure and that sustained activation of the 
baroreflex is a long-term compensatory mechanism that attenuates the severity of hypertension. 
(HL-51971) 
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SCHLAGER GENETICALLY HYPERTENSIVE MICE: A NOVEL NEUROGENIC 
FORM OF HYPERTENION 
 
Geoffrey A. Head, Pamela J Davern, Thu-Phuc Nguyen-Huu, and Luisa La Greca 
Baker IDI Heart and Diabetes Institute, Melbourne, Australia  
 
Several decades ago it was realized that the hypertension in “Schlager” hypertensive mice 
(BPH/2J) mice may have been neurogenic in origin. Early studies focused on catecholamines and 
found reduced brain noradrenaline content compared to normotensive counterpart (BPN/3J). The 
hypothalamus, amygdala and cerebellum were the main areas exhibiting a reduction in 
noradrenaline content in the young hypertensive mice. With the development of radiotelemetric 
recordings for mice, we are now in a position to investigate more thoroughly the contribution of 
the sympathetic nervous system (SNS) to spontaneous hypertension in the hypertensive Schlager 
mouse. Male hypertensive and normotensive mice were implanted with telemetry probes and 
recordings of cardiovascular and activity parameters measured after 10 days recovery. MAP was 
higher in BPH/2J than BPN/3J mice (128±1 vs 111±1 mmHg; P<0.001) as was the day-night 
difference in MAP in BPH/2J animals  (17±2 vs 6±1 mm Hg; P<0.001). Heart rate and activity 
increases at night were also greater in BPH/2J compared to BPN/3J (+19% and +88%, P<0.001). 
Sympathetic blockade by pentolinium reduced blood pressure to comparable levels in both 
strains suggesting that the hypertension was due to a greater contribution to blood pressure from 
the SNS. To examine this further, mice were perfusion fixed 2 hours after dark during the active 
(hypertensive) period, and neuronal activation was detected using c-Fos immunohistochemistry. 
At this time MAP had increased more in BPH mice than in BPN (+17±3 vs +4±1 mmHg P < 
0.01) compared to 2 hours before dark. This was accompanied by a 56% and 33% greater degree 
of neuronal activation (c-Fos expression) in the paraventricular and dorsomedial hypothalamus 
(P < 0.01) in BPH mice compared with BPN mice. BPH/2J mice also showed a +70-100% 
greater pressor responses to 5 minute aversive stress (shaker, restraint) but only a slightly greater 
pressor responses to feeding (+21%) compared with BPN/3J. To determine whether the greater 
stress responses were of central origin, we recorded blood pressure at rest and throughout a 1 hr 
during exposure of the mouse to a cage previously occupied by a different male mouse (cage 
swap). Cage swap stress MAP increased more in BPH mice compared to BPN mice (+41±2 vs 
+31±1 mmHg, P < 0.001), as did locomotor activity (+6.3±0.5 vs +2.6±0.2 units, P < 0.001). By 
contrast HR increased less in BPH mice. Following cage swap stress, c-Fos expression was 33% 
greater in the paraventricular nucleus and 27% greater in the dorsomedial hypothalamus (P < 
0.05)  in BPH compared to BPN. These results strongly support the view that the hypertension in 
BPH mice is neurogenic and provide one of the important examples of long term activation of 
the SNS leading to hypertension. Importantly, the greater arousal responses to aversive stimuli 
and also to the natural arousal patterns associated with the circadian rhythm is closely paralleled 
by a greater activation of the key hypothalamic nuclei involved in the response to stress. These 
mechanisms may be key to the understanding of this form of hypertension.    
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DIFFERENTIALLY REGULATED TRANSCRIPTION FACTOR BINDING 
ACTIVITIES IN THE HNS FOLLOWING DEHYDRATION 
 
Kleineidam A, Qui J, Yao S, Gouraud S, Murphy D 
University of Bristol, Dorothy Hodgkin Building, Whitson Street, Bristol, BS1 3NY, England  
 
The hypothalamo-neurohypophysial system (HNS) is a unique collection of neurons within the 
hypothalamus specialised for the production of the peptide hormones argenine vasopressin 
(AVP) and oxytocin (OT). Both hormones exert their functions directly on the hypothalamus as 
well as peripheral physiology after release into the blood stream where they act on 
osmoregullation, vasoconstriction, lactation and parturition. The HNS consists of the supraoptic 
nucleus (SON) and the paraventricular nucleus (PVN). Central AVP is known to influence blood 
pressure via projections from the PVN to autonomic centres of the brainstem that regulate the 
cardiovascular system. Dehydration causes a rise in arterial pressure and the HNS undergoes a 
function-related plasticity which includes remodelling of morphology, electrical properties and 
biosynthetic activity. This process occurs alongside alterations in steady-state transcript levels  
(1), which might be mediated by the activity of transcription factors. In order to identify which 
transcription factors might be involved in changing patterns of gene expression, Panomics 
Protein/DNA Array analysis was carried out on SON, representing almost exclusively 
peptidergic neurons. Nuclear extracts of SON from dehydrated and control rats were analysed for 
binding to the 345 consensus DNA transcription factor binding sequences of the array. Statistical 
analysis  (Paired Students t-test, p<0.05 n=4) revealed significant up-regulation of the binding to 
18 consensus sequences while the binding to 8 sequences was significantly down-regulated. 
Electrophortic mobility shift assay (EMSA) has been used to successfully confirm increased 
binding to the AP1, Stat1/Stat3 and Myc-max  sequences. Activity of Stat3 was validated by use 
of its antibody for supershift assays. Immunohistochemistry on coronal slices of SON was used 
to describe the cellular and sub-cellular localisation of relevant transcription factors within the 
Myc/Max/Mad network of bHLH/LZ transcription factors. We are currently investigating 
whether the localisation of these transcription factor proteins is specific to neurons expressing 
AVP, OT or common to both types of neurons. 
 

(1) Hindmarch C, Yao S, Beighton G, Paton J and Murphy D (2006) A comprehensive description of the 
transcriptome of the hypothalamo-neurohypophyseal system in euhydrated and dehydrated rats. Proc Natl 
Acad Sci USA 103: 1609-1614 
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ROLE OF SPINAL VASOPRESSIN AND OXYTOCIN RECEPTORS IN REGULATING 
ARTERIAL PRESSURE (AP) DURING ACUTE AND CHRONIC OSMOTIC STRESS IN 
CONSCIOUS RATS 
 
Britta Veitenheimer and John Osborn 
Department of Integrative Biology and Physiology and The Graduate Program in Neuroscience, 
University of Minnesota 
 
At the present time, very little is understood regarding spinal level neurotransmitter-receptor 
systems regulating sympathetic nerve activity and therefore AP in conscious animals. Previous 
studies suggest a direct spinally projecting pathway from paraventricular nucleus (PVN) to the 
spinal cord which is activated under conditions of acute osmotic stress. Recent 
immunohistochemical studies from our laboratory also suggest activation of PVN 
vasopressinergic and oxytocinergic neurons in a model of chronic osmotic stress and 
hypertension, the DOCA-salt rat.   Therefore, we tested the hypothesis that spinally projecting 
vasopressinergic and/or oxytocinergic neurons regulate AP during periods of acute water 
deprivation and contribute to hypertension in DOCA-salt rats.  Rats were chronically 
instrumented with telemetry transmitters for measurement of AP and intrathecal catheters for 
acute injection of one or more of the following; a V1a receptor antagonist, a combined 
V1a/V2/OT receptor antagonist, a V1a agonist or oxytocin (OT). Under control conditions, 
intrathecal injection of both the V1a agonist and OT increased arterial pressure approximately 20 
and 15 mm Hg respectively. Pretreatment with the respective antagonists attenuated these 
responses.  Following 24 and 48-hours of water restriction, AP increased approximately 
10mmHg from control levels. However, preliminary results show that intrathecal injection of 
neither the V1a nor the V1a/V2/OT antagonist decreased AP after 24 or 48 hours of water 
deprivation. Following 4 weeks of DOCA-salt treatment, AP was increased ~40 mmHg above 
control levels, but intrathecal administration of the V1a receptor antagonist had no effect on AP. 
The V1a/V2/OT antagonist remains to be tested.    These results do not support the hypothesis 
that spinally released vasopressin and oxytocin regulate AP during acute water deprivation or 
DOCA-salt hypertension in conscious rats.  Supported by NIH Grant HL064178. 
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AGE ASSOCIATED CHANGES IN HEART RATE VARIABILITY DURING SLEEP 
 
Ravindra P.N, Sathyaprabha T.N , Raju T.R and Bindu M Kutty 
Department of Neurophysiology, National Institute of Mental Health and Neurosciences, 
Bangalore, India. 
 
Aging process is associated with various alterations in the cardiovascular functions and its 
regulation. Increased sympathetic activity during basal conditions is the most consistent change 
that is reported among elderly. Heart Rate Variability (HRV) studies during sleep has 
demonstrated that; slow wave sleep is associated with predominant parasympathetic activity 
(increased HF power) and REM sleep with sympathetic (increased LF power) predominance. 
NREM S2 plays a vital role in altering the autonomic system, which is conducive to the 
subsequent sleep state so that homeostasis is maintained. In the present study we have 
demonstrated the age associated changes in the autonomic modulation during sleep in healthy 
human volunteers. 
Whole night polysomnography was accomplished in 45 healthy male human. subjects. They 
were divided into three different age groups (group 1- 30-39 years, group 2- 40-49 years and 
group 3- 50-60 years). Sleep scoring was carried out according to Reckshaffen Kales criteria and 
HRV was assessed during different sleep stages. We have observed various age associated the 
changes in sleep architecture viz., attenuation of slow wave sleep (SWS) with total absence of 
NREM S4 state and an increase in lighter sleep states. REM sleep remained same. On 
comparison of HRV between the three groups, predominance of sympathetic activity across all 
the sleep states was evident from group 2 and which further increased in-group 3. REM sleep 
state demonstrated predominant sympathetic activity when compared to SWS in all the groups, 
but it reached the significant level only in-group 2 & 3. In-group 1, autonomic balance was 
maintained in all the sleep stages including in SWS and REM sleep states. The results suggest 
the possibility of a shift towards sympathetic predominance during sleep as an index of aging, 
which begin after 40 years of age. 
Heightened Sympathetic activity during sleep has been considered as one of the factor for the 
unfavorable cardiovascular events that takes place mostly during early morning period. 
Elucidating the strategies to reduce the sympathetic activity helps to prevent the cardiovascular 
mortality and morbidity in middle and older age group. 
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ADAPTIVE MVDR ALGORITHM WITH APPLICATIONS TO ESTIMATING TIME-
VARYING POWER-SPECTRAL MEASURES FROM HEART-RATE VARIABILITY 
SIGNALS 

Ramesh R. Galigekere1 and M.N.S. Swamy2  
1Dept. of Biomedical Engineering, Manipal Institute of Technology, Manipal, India. 
2Department of Electrical and Computer Engineering, Concordia University, Montreal, Quebec, 
Canada. 
 
Long records of “heart-rate variability” signal (R-R interval series) may consist of time-varying 
low frequency (LF∼0.1Hz), high frequency (HF∼0.2Hz) components, and require adaptive 
methods to deal with. One approach to addressing such non-stationary situations involves 
adaptive autoregressive (AR) modeling. However, the AR approach is based on a model for the 
data. Further, it is suitable for estimating the locations of dominant frequency-components, and 
not their powers. An alternative is the minimum variance distortionless response (MVDR) 
approach, which is not model-based, provides the powers directly, and suffers lower variability; 
the (relatively) lower resolution of the MVDR power spectrum (PS) is not an issue in HRV-
studies.   
We have developed a new adaptive MVDR (AMVDR) algorithm for computing the spectral 
measures from HRV signals with time-varying components. It involves estimating the PS at 
every instant “n”, based on the MVDR criterion, from which the frequencies and powers of 
narrow-band components are read-off. The PS at each instant n, is a function of the 
autocorrelation-matrix-estimate Rn at that instant; computation of the PS involves a singular 
value decomposition (SVD) at each step, which is expensive. Instead, since the eigen-
decomposition of Rn

-1 can be written in terms of that of the data-matrix Xn, we update the eigen-
structure of Xn formed from the past L+M–1 samples (M=MVDR-filter-order, L=length of Xn). 
The procedure is based on a simple conversion of the bi-iteration QR-decomposition for 
computing the SVD of a data-matrix, to a sequential/adaptive version. The algorithm for 
adaptively computing a time-varying MVDR PS involves the following steps: (1) At each instant 
n, form the data-matrix Xn. (2) Update the eigen-structure of Xn (i.e., the matrices Vn and Dn, 
where Xn = UnDnVT

n). (3) Compute the MVDR PS using the updated eigen-values and 
eigenvectors.      
The AMVDR algorithm was tested on computer-generated-signals of duration 1000s, consisting 
of sinusoidally-varying LF and HF components, whose powers varied linearly (in mutually 
opposite directions), in the presence of white noise. The plots of LF, HF, LFP, HFP and PR 
revealed that the AMVDR algorithm followed the simultaneous changes in frequencies and 
powers well. While recursive least-squares adaptive AR algorithm followed the frequencies, the 
AMVDR algorithm was far superior in estimating the PR (LFP/HFP). Example (based on 100 
experiments; individual SNR of each component=10dB): the normalized root-mean squared-
error associated with the estimates of LF, HF and PR were: AR (order p=12): .03, .02, 12, and 
MVDR (M=12, L=24): 0.027, 0.026, 0.117, respectively.   
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BAROREFLEX CONTROL OF RENAL SYMPATHETIC NERVE ACTIVITY 
(RSNA) IN A RABBIT MODEL OF ATHEROSCLEROSIS 
 
Michael J. Turner1, Gregory T. Jones2 and Chris P. Bolter1 

1Department of Physiology, University of Otago, Dunedin, New Zealand 2Department of 
Surgery, University of Otago, Dunedin, New Zealand 
 
Atherosclerosis is associated with hypertension and poor regulation of arterial blood pressure. 
We have examined baroreflex regulation of renal sympathetic nerve activity (RSNA) in male 
New Zealand White rabbit by feeding a diet containing 6% fat and 0.5% cholesterol for 14 
weeks, starting at 7 weeks of age, to induce the development of atherosclerosis. In the conscious 
animal, RSNA response curves were obtained by intravenous infusion of nitroprusside and 
phenlyephrine to control blood pressure (Drug method). Subsequently the animals were 
anaesthetised and perivascular cuffs were placed around the inferior vena cava and the thoracic 
aorta to control blood pressure (Cuff method). 
In the conscious animal, mean arterial pressure was higher in atherosclerotic animals (78 ± 7 
compared with 68 ± 7 mmHg, P = 0.006), and the baroreflex RSNA response curve was right 
shifted (BP50 = 70 ± 5 compared with 61 ± 8 mmHg, P = 0.023). In the anaesthetised animal, 
using both drug and cuff methods, the baroreflex gain was lower in atherosclerotic animals 
(Drug = -1.9 ± 0.4 compared with -2.7 ± 0.3 NU.mmHg–1, P = 0.006; Cuff = -1.6 ± 0.3 compared 
with -2.4 ± 0.5 NU.mmHg–1, P = 0.014). Baroreflex regulation of RSNA was also measured 
during occlusion of the carotid arteries, thus generating data that primarily reflects the RSNA 
response to aortic baroreceptors. In carotid occluded RSNA response curves, the baroreflex gain 
was lower in the atherosclerotic animals (Cuff = -0.9 ± 0.3 compared with -1.7 ± 0.5 NU.mmHg-

1, P = 0.013). 
This study demonstrated that baroreflex regulation of RSNA is reduced in our rabbit model of 
atherosclerosis. This agrees with our previous observation of less aortic baroreceptor activity at 
high pressures in atherosclerotic rabbits.  
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WHAT IS THE ROLE OF THE METABOREFLEX IN THE LONG TERM 
REGULATION OF BLOOD PRESSURE? 
 
E.S.Prakash  
School of Medicine, AIMST University, 08100 Bedong, Kedah, Malaysia  
 
There is little disagreement that the ultimate goal of all cardiovascular regulatory mechanisms is 
the maintenance of tissue blood flows commensurate with their metabolic requirements and not 
just regulation of arterial blood pressure (BP). In keeping with this paradigm, the mechanistic 
links between the afferent limb of the metaboreflex which signals supply-demand relationships 
in various tissues and various neurohumoral regulatory mechanisms that influence the long term 
level of BP need to be explored. Hypertension, diabetes, obesity, ischemic heart disease, 
cerebrovascular disease, heart failure are all characterized by elevated baseline sympathetic 
nerve activity (SNA) and all of them are associated with endothelial dysfunction. Whereas the 
roles of the baroreflexes and the renin-angiotensin system in hypertension have been intensely 
researched, little is known about the role of the metaboreflex in the pathogenesis of human 
hypertension. A recent study by Rondon MU et al [abstract at 
http://www.ncbi.nlm.nih.gov/pubmed/16942939] suggests that augmentation of muscle 
sympathetic nerve activity (SNA) during exercise is diminished in subjects with never treated 
hypertension although their baseline muscle SNA was higher. It is hypothesized that the 
elevation of baseline SNA in ischemic heart disease, unexplained hypertension, cerebrovascular 
disease, and low cardiac output heart failure is primarily due to activation of the metaboreflex. In 
fact, BP lowering drug therapy is generally associated with further increments in baseline SNA 
[see Fu Q et al, Hypertension 2005; 45: 513-521]. This suggests that the ultimate cause of raised 
SNA has not been addressed with BP lowering, and this may be why the risk of complications of 
hypertension is not entirely abolished with BP lowering medication.    

http://www.ncbi.nlm.nih.gov/pubmed/16942939
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MECHANISMS AND SIGNIFICANCE OF BAROREFLEX ACTIVATION IN 
HYPERTENSION 
 
Thomas E. Lohmeier1, Terry M. Dwyer1, D.A. Hildebrandt1, Radu Iliescu1, Eric D. Irwin2, Adam 
W. Cates3, Martin A. Rossing3   
University of Mississippi Medical Center, Jackson1, MS; North Memorial Medical Center, 
Robbinsdale, MN2; CVRx, Inc., Minneapolis, MN3 
 
It is widely appreciated that the sympathetic nervous is commonly activated in primary 
hypertension and plays an important role in the pathogenesis of this disease. In contrast, the role 
of the arterial baroreflex in chronically opposing this increase in sympathetic activity and 
attenuating the severity of the hypertension is unclear. Contrary to past dogma, recent studies 
indicate that the baroreflex is chronically activated in hypertension and has sustained effects to 
suppress renal sympathetic nerve activity and promote sodium excretion, actions expected to 
lower arterial pressure. Furthermore, studies during chronic electrical stimulation of the carotid 
sinuses demonstrate that prolonged baroreflex activation has pronounced and sustained effects to 
reduce arterial pressure, particularly in forms of hypertension mediated by increased sympathetic 
activity, such as hypertension associated with obesity and renal failure. Findings during chronic 
electrical activation of the carotid baroreflex have also provided considerable insight into the 
mechanisms that account for the long-term blood pressure lowering effects of the baroreflex. 
These studies indicate that decreased activation of adrenergic receptors not previously 
appreciated contribute substantially to the chronic blood pressure lowering effects of the 
baroreflex and that suppression of renin secretion plays a key role in baroreflex-mediated 
reductions in arterial pressure. The above studies, based on newer methodology, are consistent 
with the hypothesis that impaired baroreflex control of sympathetic activity, such as occurs in 
obesity-related hypertension, contributes to an overall increase in sympathetic activity and 
severity of hypertension. Moreover, by providing a better understanding of the neural 
mechanisms that contribute to sustained alterations in arterial pressure, the above findings may 
provide a more rational basis for the treatment of hypertension. In this regard, central 
sympathoinhibition by chronic electrical stimulation of the carotid baroreflex may prove to be a 
unique, efficacious therapy for the treatment of hypertension, as recently demonstrated in 
patients with drug-resistant hypertension during prolonged (> 1 year) baroreflex activation. (HL-
51971) 
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SYMPATHETIC ACTIVATION IN CARDIOVASCULAR DISEASE; DOES IT REALLY 
OCCUR? 
 
Simon Malpas, Bruce van Vliet*, Sarah-Jane Guild, Fiona McBryde, Lindsea Booth & Carolyn 
Barrett. 
University of Auckland, New Zealand and *Memorial University, Newfoundland, Canada 
 
It is common for the first line of grants to say “sympathetic nerve activity (SNA) is elevated in 
many cardiovascular diseases…..”.  However direct measurements in humans reveal a large 
variation in resting levels of muscle SNA between individuals. This variation also exists in many 
disease states where the measured SNA levels overlap considerably with control subjects. 
Evidence from noradrenaline spillover from a number of organs indicate that sympathoexcitation 
is most marked to the heart and kidney with SNA to some organs e.g. skin not elevated at all. We 
review the evidence for sympathoexcitation in a number of disease states. In particular we assess 
the  progress in developing animal models that are reflective of these states. In animal models 
involving elevated angiotensin II the pattern of sympathoactivation is highly variable. In a slow 
pressor angiotensin II model the level of sympathoactivation is modest (~+20%), variable 
between animals and affected by dietary salt intake. Whether this is reflective of human salt 
sensitive states is debatable. We suggest it should be a serious concern that there are few animal 
models in which the sympathoactivation has been precisely quantified over the development of 
the disease state. Data on the temporal regulation of sympathetic activity over time periods any 
longer than a few days is sparse. Such knowledge is essential for the development novel 
therapies targeting SNA and to understand the mechanisms underlying sympathoactivation. This 
is particularly pertinent as it appears that the mechanisms regulating long term sympathetic 
levels are likely to be quite different from short term regulators of sympathetic activity.  
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DOES THE SYMPATHETIC NERVOUS SYSTEM CONTRIBUTE TO 
CARDIOVASCULAR DISEASE?   
 
Mark M. Knuepfer, Sarah K. Burris and Henok Yemane  
St. Louis University School of Medicine, St. Louis, MO 63127 USA 
 
Excessive sympathetic nerve activity (SNA) has been proposed to contribute to the development 
of experimental hypertension and heart failure.  This hypothesis has been difficult to prove 
directly due to the challenge of obtaining long term, high fidelity recordings in conscious 
animals.  It is likely critical to study the effects in individual animals since there are considerable 
differences between experimental animals and humans in SNA.  We hypothesized that resting 
and evoked SNA would be elevated 2-3 weeks after induction of hypertension or heart failure.  
We studied Sprague-Dawley rats instrumented for arterial pressure, ECG and SNA before and 
after induction of hypertension (DOCA/salt model) or ischemic heart failure (coronary ligation 
model).  In addition to recording resting activity before and after induction, we recorded 
responses to acute stress (cold pressor test), baroreflex activity and responses to ganglionic 
blockade with trimethaphan.  DOCA/salt treatment (n=8) elicited an increase in arterial pressure 
that started within the first 2-3 days.  During the early phase, renal SNA did not appear to be 
elevated as the change in SNA in response to trimethaphan was unchanged (-41 ± 6% control vs. 
-38 ± 6% on day 12).  In contrast, baseline renal SNA appeared to be elevated in heart failure 
(n=5) as trimethaphan elicited a greater decrease in SNA after ligation (-29 ± 6% control vs. -42 
± 7% on day 14).  We did not observe a change in adrenal SNA over the same time period with 
trimethaphan (n=3).  For both nerves, sham infarction did not alter responses to trimethaphan.  
We also examined the effects of acute stress with cold water (1 cm deep for 1 min).  The initial 
evoked responses to cold stress (startle) were progressively smaller in DOCA/salt hypertension 
over 12 days.  Likewise, renal and adrenal SNA responses to startle with cold water were 
reduced over the first two weeks after induction of heart failure.  We conclude that elevated SNA 
may not contribute to the development of DOCA/salt hypertension but may play a role in 
ischemic heart failure.  The evoked SNA responses to startle are depressed in both models.  We 
will have to examine the contribution of other sympathetic nerves in order to understand the 
overall contribution of the sympathetic nervous system in cardiovascular disease.  Supported by 
USPHS NIH R01 DA0017371 and HL091440 and 5T32 GM008306. 
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SYMPATHETIC NERVOUS SYSTEM IN THE DEVELOPMENT OF MILD DOCA-
SALT HYPERTENSION 
 
Sachin Kandlikar and Gregory Fink. 
Pharmacology and Toxicology, Michigan State University, East Lansing, MI 
 
Sympathetic nervous system (SNS) activation has been demonstrated in human essential 
hypertension (HTN) and animal models. The purpose of this study was to examine whether SNS 
activation contributes to the development of mild DOCA-salt HTN and to evaluate the possible 
mechanisms involved. Whole body norepinephrine (NE) spillover was used as an index of global 
sympathetic activity because this method provides a more accurate estimate of neurotransmitter 
release than measurement of plasma NE concentration alone. Catheters were implanted in male 
Sprague Dawley rats for blood pressure measurements and sampling. Rats received free access to 
water containing 1% NaCl and 0.2% KCl. After a 7 day recovery and 3 day control period, a 
DOCA pellet (50 mg/kg, sc) was implanted in some rats, while others had SHAM implantation 
surgery. NE spillover was measured on control day 2, and days 7 and 14 after DOCA 
administration or SHAM surgery. During the control period, mean arterial pressure (MAP) was 
similar in SHAM (106 ± 4.2 mmHg) and DOCA (107 ± 4.5 mmHg) rats. MAP significantly 
increased in the DOCA group compared to SHAM group during the DOCA treatment (Day 14: 
DOCA-124 ± 5.8 mmHg, SHAM-108 ± 15.6 mmHg). However, plasma NE concentration, 
clearance and spillover were not different at any time in DOCA versus SHAM rats. Previous 
studies have demonstrated the importance of splanchnic sympathetic nerves in the regulation of 
blood pressure. To assess the impact of splanchnic sympathetic nerves   on development of 
DOCA-salt HTN, celiac ganglionectomy (CGx) was performed in rats to selectively denervate 
the splanchnic organs.  Other animals underwent only sham (Sx) ganglionectomy surgery. Blood 
pressure was measured using radiotelemetry. CGx caused a small decrease in MAP in normal 
rats but significantly attenuated development of DOCA-salt HTN (Sx-122.9 ± 3.7 mmHg, CGx-
109.5 ± 3.0 mmHg on day 28 of DOCA treatment). To investigate whether CGx was causing 
global changes in sympathetic activity, whole body NE spillover was measured in CGx and Sx 
rats before and during DOCA treatment. NE spillover was not different in CGx and Sx during 
DOCA treatment. In conclusion, global SNS activity is not increased during the development of 
mild DOCA-salt HTN, but the splanchnic SNS is involved. Unchanged global SNS activity after 
selective splanchnic denervation does not exclude the possibility of regional SNS activation. 
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COULD HYPERTENSION POSSIBLY BE ADAPTIVE? 
 
E.S.Prakash 
School of Medicine, AIMST University, 08100 Bedong, Kedah, Malaysia 
 
Ischemic heart disease, often associated with hypertension, is the commonest cause of heart 
failure. Hypertension has been discussed from the standpoint of evolution (for example, see 
Weder A, Hypertension. 2007; 49: 260-265), a perspective that contemporary medicine often 
dismisses as irrelevant. Given that the “ultimate” goal of all cardiovascular regulatory 
mechanisms is not the regulation of arterial blood pressure (BP) but the maintenance of tissue 
blood flows commensurate with metabolic requirements, one can see that elevated BP can 
contribute to optimizing tissue blood flows under select circumstances - for example when there 
are primary defects in autoregulation of tissue blood flows. Indeed, most risk factors implicated 
in the development of cardiovascular and cerebrovascular disease directly induce endothelial 
dysfunction, and endothelial dysfunction is known to antedate the development of hypertension. 
Besides the rise in systemic vascular resistance due to endothelial dysfunction per se, it is likely 
that at least part of the rise in BP is reflexly driven by homeostatic mechanisms "concerned" with 
regulation of tissue blood flows. Along these lines, a systematic review of 46 trials involving 
4282 pregnant women did not find enough evidence of benefit in lowering BP in mild to 
moderate hypertension (Abalos E et al. Antihypertensive drug therapy for mild to moderate 
hypertension during pregnancy. doi: 10.1002/14651858.CD002252.pub2.) Of course, compared 
to autoregulatory vasodilation, raising BP is relatively ineffective as a means of increasing tissue 
blood flow, and it is acknowledged that it is the high cardiac output type of hypertension (as 
occurs during exercise) that would be adaptive.   
It is likely that some of the genes contributing and sufficient for the development and sustenance 
of the hypertensive phenotype increase life span of the species – i.e., if it were not for this 
adaptive hypertensive phenotype, death due to circulatory failure would occur much earlier. This 
hypothesis is testable. Along these lines, in humans, hypertension may be asymptomatic for 
several years before it results in a clinically significant complication. Complications of long 
standing hypertension including stroke, myocardial infarction could be viewed as a price paid for 
this adaptation. Finally, as for clinical implications of the above said, attention to all modifiable 
“risk factors” (hypertension is only one of them) that could influence the effectiveness of tissue 
blood flow autoregulatory mechanisms should guide clinical management of patients with 
unexplained hypertension rather than BP lowering alone.   
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RENAL SYMPATHETIC NEUROEFFECTOR FUNCTION IN OBESITY 
Roger G. Evans1, Sylvia Michaels1, Gabriela A. Eppel1, Sandra L. Burke2, James Armitage2,3, 
Joan F. Carroll4, Simon C. Malpas5 and Geoffrey A. Head2 
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The pathway from obesity to hypertension is thought to be initiated in large part through central 
nervous system mechanisms. Sympathetic vasomotor drive is increased, at least partly because of 
activation of hypothalamic centres by the adipokine leptin. In turn, the pro-hypertensive effects 
of increased sympathetic drive in obesity appear to be mediated at least partly by the renal 
nerves, since renal denervation blunts the development of obesity-induced hypertension. But the 
integrated response of the kidney to renal sympathetic nerve activity (RSNA) depends not just on 
the level of RSNA per se, but also how the kidney responds to a given level of RSNA. 
We tested whether mild adiposity alters responsiveness of the kidney to activation of the renal 
sympathetic nerves. After rabbits were fed a high-fat or control diet for 9 weeks, responses to 
electrical stimulation of the renal nerves (RNS) were examined under pentobarbital anesthesia. 
Fat pad mass and body weight were respectively 74% and 6% greater in fat-fed rabbits than 
controls. Mean arterial pressure and plasma renin activity in conscious fat-fed and control rabbits 
were indistinguishable. RNS in anaesthetized rabbits produced frequency-dependent reductions 
in renal blood flow, cortical and medullary perfusion, glomerular filtration rate, urine flow and 
sodium excretion and increased renal plasma renin activity overflow. Responses of sodium 
excretion and medullary perfusion to RNS were significantly enhanced by fat-feeding. For 
example, 1 Hz RNS reduced sodium excretion by 79 ± 4% in fat-fed rabbits and 46 ± 13% in 
controls. Two Hz RNS reduced medullary perfusion by 38 ± 11% in fat-fed rabbits and 9 ± 4% 
in controls.  
Our observations suggest that mild excess adiposity can augment the antinatriuretic response to 
activation of the renal nerves by RNS. It is tempting to speculate that this effect is mediated 
through enhanced neurally-mediated vasoconstriction in the medullary circulation, since 
medullary perfusion is known to have a profound impact on tubular sodium reabsorption. 
Regardless, our observations raise the possibility that sodium retention in obesity might be 
driven not only by increased RSNA, but also by increased responsiveness of the kidney to 
RSNA. These two factors might act synergistically to promote the development of hypertension. 
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DETERMINING THE MECHANISM OF INCREASED SYMPATHETIC NERVE 
ACTIVITY IN ANIMAL MODELS OF RENAL DISEASE. IT’S NOT RAAS: IT’S THE 
RENAL AFFERENTS – BUT HOW DO WE PROVE IT? 
 
Jacqueline K. Phillips1, Joanne L. Harrison1, Vasyl Holobotovskyy2, Leonard F. Arnolda2  and 
Douglas J McKitrick2  

1Integrated Health Institute, Murdoch University, 2Cardiology Department, University of WA, 
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Hypertension occurs commonly in end stage renal disease (ESRD) patients. Several mechanisms 
have been proposed for its pathogenesis, including volume overload and activation of the renin 
angiotensin aldosterone system (RAAS). The importance of RAAS is clear when considering the 
success of ACE inhibitors or angiotensin II receptor blockers in controlling blood pressure (bp) 
in this group of patients. However, the primary significance of RAAS is being challenged, with 
strong evidence to support a case for the sympathetic nervous system, in both the pathogenesis of 
renal hypertension and increased risk of cardiovascular morbidity [1]. In ESRD patients, bilateral 
renal nephrectomy not only corrects bp, but normalises muscle sympathetic nerve activity 
(MSNA) [2]. In polycystic kidney disease (PKD) patients, MSNA levels are elevated, regardless 
of renal function [3], and blockade of RAAS does not return MSNA to normal [4].  
Experimentally, it is not easy to quantitate SNA in animal models. Indeed it is argued that any 
procedure used to assess SNA should be viewed with caution. Approaches include total-
noradrenaline spillover, ganglionic-blockade, direct recording from sympathetic nerves using 
reflex responses to compare between animals, or power spectral analysis of heart rate variability. 
Using a combination of these approaches, we may be able to argue that SNA is increased and the 
key driver of hypertension, but the next question is – what is the mechanism? 
Is it that renal damage drives increased SNA via the renal afferents? Based on the work of 
Campese [5, 6], we have used dorsal rhizotomy (DRX), a procedure that selectively severs the 
renal sensory nerves, to examine this hypothesis in a PKD model of ESRD.  Using Lewis 
Polycystic Kidney (LPK) and Lewis control animals (aged 10-12 weeks, mixed sex), we 
examined bp before and after DRX, predicting no change in the Lewis animals, but a drop in the 
hypertensive LPK. Preliminary data supports a fall in bp in the LPK (-19.3%, n=4 p<0.05) vs. a 
slight rise in the Lewis (+5%, n= 8). It is likely that local renal ischaemia, caused by the growing 
cysts is stimulating the renal afferents to act centrally and drive sympathetic activation.  
 
1. Zoccali et al. (2002), Circulation. 105 
2. Adamczak, et al. (2002), Kidney Int. Suppl. 80 
3. Klein et al. (2001), J. Am. Soc. Nephrol. 12 
4. Klein et al. (2003), J. Am. Soc. Nephrol. 14 
5. Campese et al. (1995), Hypertension. 25 
6. Ye et al. (2002), Am J Hypertens. 15 
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CARDIOVASCULAR DISEASE IN A NOVEL MODEL OF POLYCYSTIC KIDNEY 
DISEASE IS ASSOCIATED WITH AUTONOMIC DYSFUNCTION 
 
Harrison, JL1., Hildreth, CM2., Goodchild, AK2., Phillips, JK1. 
1Health Research Institute, Faculty of Health Science, Murdoch University, Perth, WA.                
2Australian School of Advanced Medicine, Macquarie University, Sydney, NSW 

 

Polycystic kidney disease (PKD) is an inherited disease characterised by renal cysts, eventually 
resulting in renal failure. Hypertension is a key feature of the disease and patients frequently 
suffer from cardiovascular complications.  We have identified a novel rodent model of PKD 

(Lewis polycystic kidney - LPK), whose phenotype will strengthen the understanding of 
cardiovascular disease in PKD. Power spectral analysis of heart rate (HRV) and systolic blood 
pressure (SBPV) can estimate the contribution of the parasympathetic and sympathetic nervous 
systems to resting heart rate (HR) and blood pressure (BP). Spontaneous baroreflex sensitivity 
(sBRS) measures reflex control of HR respectively.  Low HRV and sBRS and high SBPV can 

predict cardiovascular events.  Here we test the hypothesise that the LPK will show indicators for 
autonomic dysfunction, specifically an overactive SNS, contributing to the observed 

cardiovascular phenotype.  Arterial pressure, ECG and splanchnic nerve activity were acquired 
under anaesthesia (Urethane 1.3 g/kg) in LPK and Lewis control.  SBPV and HRV were assessed 
in the frequency domain from 80sec segments of stable BP and HR. sBRS was calculated in the 

time domain using the sequence method. Atenolol (1mg/kg) was administered to determine 
sympathetic contribution to HR and combined with methylatropine (2mg/kg) to measure intrinsic 

HR.  Conventional sympathetic and HR baroreflex curves were also generated with 
phenylephrine and sodium nitroprusside. Total, high frequency (HF) and low frequency (LF) 
power of HRV were significantly less in the LPK.  Conversely, HF and LF power for systolic 

BPV were significantly greater in the LPK. There was also a significant reduction in sBRS 
compared to control animals. These data suggest cardiac vagal activity is reduced, while 

sympathetic activity is increased. This correlates with an increased sympathetic contribution to 
HR in the LPK. Importantly, intrinsic HR was not different between the strains, indicating that 

the resting tachycardia in the LPK can be attributed to sympathetic overactivity.  This work 
suggests that cardiovascular disease in the LPK model is the result of a dysfunctional autonomic 
system, specifically an elevation in sympathetic activity concurrent with reduced vagal activity.  
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THE INITIATING ROLE OF TUBULOGLOMERULAR FEEDBACK IN THE 
DEVELOPMENT OF HYPERTENSION 
 
RD Brown1, M Carlstöm3, AEG Persson3, GR Drummond2 
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Cell Biology, Uppsala University, Sweden 
 
The origins of essential hypertension are largely unknown, but oxidative stress in the vasculature 
has been implicated. However, for an increase in blood pressure to occur, changes in renal 
handling of electrolyte and fluid reabsorption must take place. As a major factor in long-term 
blood pressure regulation, the tubuloglomerular feedback (TGF) process largely sets pressure 
natriuresis properties. Further, inappropriate sensitisation of TGF is linked to the early stages of 
genetic hypertension in the SHR and Milan hypertensive rat strains. Increased levels of reactive 
oxygen species (ROS) are known to cause renal vascular dysfunction and contribute to the 
progression of hypertension. Renal NADPH oxidases (Nox) are a major source of ROS and we 
hypothesis are a major factor in the onset and progression of hypertension. The Nox2 isoform is 
found in locations key to the regulation of tubuloglomerular feedback (TGF), namely the 
vasculature and macula densa cells of the distal tubule. Using Nox2 knockout (Nox2KO) mice 
and their wildtype (WT) littermates, we have investigated the impact that Nox2 has on TGF and 
blood pressure prior to the onset of hypertension. AngII given at an initially subpressor dose 
(400ng/kg/min) induces a “slow-pressor response” in which blood pressure increases 
progressively after an initial delay of several days. Blood pressure was measured by 
radiotelemetry for 14 days during AngII treatment. 
On day 7 of AngII treatment (when blood pressure starts to rise), mice were prepared for renal 
micropuncture and the TGF response was assessed. Systemic blood pressure was not different 
between the genotypes at baseline or following 7 days of AngII infusion. However, after 14 days 
WT blood pressure increased by 14±3 mmHg compared to 4±2 mmHg (P < 0.05) in Nox2KO 
mice. Seven days of AngII infusion caused an increase in TGF reactivity in the WT (from 
6.4±0.5 to 11.3±2.1 mmHg, P < 0.05), but not in the Nox2KO (from 6.4±1.1 to 8.2±0.8 mmHg). 
TGF operating point, a measure of TGF sensitivity, was significantly enhanced from 17.7±0.8 to 
13.2±1.7 nl/min (P < 0.05) in the WT but not in the Nox2KO mice (from 17.6±2.1 to 16.2±1.3 
nl/min). 
These data indicate that Nox2 plays a pivotal role in setting the TGF response. TGF is a major 
regulator of extra-cellular fluid homeostasis. Our data, showing that perturbations in TGF 
response precede increases in blood pressure in AngII-induced hypertension, suggest that altered 
TGF may be an obligatory mechanism for the initiation and development of hypertension. 
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ANGIOTENSIN II-ADENOSINE-INTERACTION IN THE JUXTAGLOMERULAR 
APPARATUS AND ITS MODIFICATION IN HYDRONEPHROTIC AND NOX2 
DEFICIENT MICE 
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Adenosine and angiotensin II contribute to the control of renal perfusion and filtration. 
Adenosine probably mediates the tubuloglomerular feedback (TGF), while angiotensin II is a 
strong modulator of this mechanism. We showed important interactions of adenosine and 
angiotensin II in afferent arteriolar control. Adenosine in lower concentrations acts mainly on 
constrictor A1 receptors and increases the angiotensin II response of afferent arterioles. Higher 
concentration of adenosine results in activation of A1 and dilatory A2 receptors, latter balancing 
the constrictor effect of A1. Moreover, while adenosine itself induce only moderate constriction 
and dilatation of afferent arterioles, respectively, combined action of adenosine and angiotensin 
II (low dose) transforms the biphasic adenosine concentration response into a constrictor 
response. Additionally, adenosine can act intracellularly and independent of receptors, and 
increases the calcium sensitivity of arterioles. This may contribute to the mediation of the TGF. 
Interestingly, the angiotensin II-adenosine-interaction is modified in hypertensive 
hydronephrotic mice as well as in NOX2 deficient mice. This suggests a role for these vasoactive 
substances and consequently the TGF in the pathogenesis of hypertension.  
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SYMPATHETIC ACTIVATION IN HEART FAILURE, A NORMAL REFLEX 
RESPONSE OR AMPLIFICATION BY PATHOLOGICAL MECHANISMS? 
 
Clive N. May, Sally G. Hood and Rohit Ramchandra. 
Howard Florey Institute, University of Melbourne, Parkville, Victoria, Australia 
 
In heart failure, multiple compensatory mechanisms are elicited to maintain arterial pressure in 
the face of decreased cardiac function. These include both humoral and neural mechanisms, with 
activation of the sympathetic nervous system being one of the hallmarks of this disease. Clinical 
studies indicate that there is a large regional heterogeneity in the extent to which sympathetic 
nerve activity (SNA) activity increases, but the mechanisms leading to the increases in SNA and 
why the increases are different across organs remains unclear. It has been suggested that the 
increase inactivity may be a normal response to the unloading of baroreceptors. Alternative 
views suggest that the increased SNA may be due to desensitisation of the arterial baroreceptors, 
a cardiac sympatho-excitatory reflex, raised levels of hormones such as angiotensin II acting on 
circumventricular organs, and central factors that may amplify and/or sustain those responses. 
Data from our laboratory will be presented on which the role that arterial baroreflex control plays 
in the long-term control of SNA in heart failure. 
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GENE-TARGETING OF GUANYLYL CYCLASE/NATRIURETIC PEPTIDE 
RECEPTOR-A ENHANCES ACE AND AT1A RECEPTOR GENE EXPRESSION 
LEADING TO CARDIAC HYPERTROPHY: DISSOCIATION FROM THE EFFECT OF 
HIGH BLOOD PRESSURE 
 
Elangovan Vellaichamy and Kailash N. Pandey  
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Atrial and brain natriuretic peptides (ANP and BNP) bind to guanylyl cyclase-A/natriuretic 
peptide receptor-A (GC-A/NPRA) and produce intracellular second messenger cGMP.  The GC-
A/NPRA signaling antagonizes the physiological effects mediated by the renin-angiotensin 
system (RAS). The goal of this study was to determine whether disruption of Npr1 gene (coding 
for GC-A/NPRA) initiates the activation of genes, which are involved in the RAS pathway. 
Genetic disruption of Npr1 gene increases 35-40 mmHg higher systolic blood pressure (SBP) 
and a 63% greater HW/BW ratio leading to congestive heart failure in null mutant (Npr1-/-) mice 
as compared with wild-type (Npr1+/+) mice. The expression levels of angiotensin-converting 
enzyme (ACE) and angiotensin II type 1a receptor (AT1a) mRNA levels were increased by 
almost 4-fold in Npr1-/-  mice hearts as compared with the wild-type Npr1+/+ mice hearts. 
Concomitantly, the expression of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) were 
increased by 4- to 5-fold, in Npr1-/- mice hearts as compared with wild-type animals. The NF-κB 
binding activity in nuclear extracts of Npr1-/- mice hearts increased by 4-fold as compared with 
wild-type mice hearts.  On the other hand, the ventricular cGMP level was decreased by almost 
6-fold in Npr1-/- mice hearts as compared with wild-type control mice hearts.  Treatment with 
captopril or hydralazine equally attenuated SBP, but only captopril significantly decreased the 
HW/BW ratio and cytokine gene expression in Npr1-/- mice hearts. The results of the present 
study indicate that disruption of the NPRA/cGMP signaling leads to the augmented expression 
and activation of cardiac AT1- mediated-signaling pathways that provokes the pro-inflammatory 
cytokines and promotes the development of cardiac hypertrophy and heart failure in mice lacking 
NPRA.  The result of the present study support the notion that in addition to an increased blood 
pressure in Npr1 gene-disrupted mice, the early gene-activation play critical role in the 
development of cardiac hypertrophy and fibrosis.   
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THE FRACTALKINE RECEPTOR CX3CR1 IS UP-REGULATED IN THE BRAIN OF 
HEART FAILURE RATS. 
 
P.J. Ruchaya1, J.F.R. Paton2,3, D. Murphy1, S.T. Yao1,3 
1Henry Wellcome LINE, 2Dept Physiology and Pharmacology, 3Bristol Heart Institute, 
University of Bristol, Bristol, UK. 
 
The onset and progression of chronic heart failure (CHF) is accompanied by a multitude of 
neural-humoral changes. For example, striking increases in sympathetic activity and increased 
circulating levels of factors, including inflammatory cytokines, are hallmarks of CHF (Francis et 
al., 1990; Deswal et al., 2001). Indeed, it has been suggested that circulating levels of 
inflammatory cytokines correlate well with disease severity and is a robust predictor of poor 
prognosis (Deswal et al., 2001). While circulating cytokines, via their actions on the 
microvasculature, have been investigated in the past (Ericsson et al., 1997), relatively little is 
known about the cytokines produced within the brain - particularly in relation to disease states 
such as CHF. Here, we used quantitative RT-PCR gene profiler arrays to screen for changes in 
the expression of 84 cytokine related genes within the brainstem of sham operated (control) and 
CHF rats. We identified significant (p<0.05, one-way ANOVA) changes of 2-fold or greater in 
41 out of 84 genes screened. One gene of particular interest is fractalkine (3.48-fold increase in 
CHF compared to sham operated rats, p=0.0004), also known as CX3CL1, as this cytokine has 
previously been shown to play a significant role in modulating neuronal function (Rostene et al., 
2007). Immunohistochemistry revealed a robust and significant increase in the number of 
neurones expressing the receptor for CX3CL1, CX3CR1, in the brain stem and hypothalamus of 
CHF rats, particularly in the commissural nucleus tractus solitarius (329±29 vs. 400±7, n=5, 
p<0.05) and in the spinally projecting regions of the paraventricular nucleus (226±21 vs. 303±21, 
p<0.05) as well as the magnocellular region (132±4 vs. 170±6, p<0.05). Furthermore, double-
immunofluorescence histochemistry revealed that while CX3CL1 is expressed both in neurones 
and glia, the receptor, CX3CR1, appears to be present only on neurones.  Our findings suggest 
that cytokines, and in particular CX3CL1, may play a role in modulating neuronal function and, 
hence, might be responsible for mediating the neural-humoral changes observed in CHF.  
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DIFFERENTIAL CONTROL OF SYMPATHETIC BURST AMPLITUDE TO THE 
KIDNEY AND THE HEART DURING VOLUME EXPANSION 
 
Ramchandra R, Hood SG, Frithiof R, May CN.  
Howard Florey Institute, Melbourne, Australia. 
 
It is well established that the bursts of sympathetic activity in multiunit recordings from 
postganglionic sympathetic nerve fibres can vary in amplitude as well as frequency. The 
frequency of sympathetic bursts reflects the generation of sympathetic discharges to individual 
fibres while the amplitude of a burst is thought to reflect the number of activated fibres. Previous 
studies indicate that sympathetic burst amplitude and frequency can be regulated independently. 
The normal response to an increased blood volume includes inhibition of sympathetic nerve 
activity (SNA) to the kidney and we have recently shown inhibition of cardiac SNA as well. To 
examine if there is a differential effect on the amplitude or frequency of sympathetic discharges 
during volume changes, we have recorded cardiac and renal SNA simultaneously in conscious 
sheep. Volume expansion decreased total SNA levels of both the cardiac (to 38±10% of control) 
and renal sympathetic nerves (to 41±10% of control). Interestingly, this was accompanied by a 
selective decrease in renal SNA burst amplitude (median amplitude decreased from 61±5% to 
55±5%) whereas there was no change in cardiac SNA burst amplitude. There were significant 
decreases in both cardiac (from 25±5 to 12±4 bursts/min) and renal (from 60±6 to 31±9 
bursts/min) burst frequencies.  
One of the pathological conditions associated with fluid retention is heart failure (HF), which is 
accompanied by an increase in cardiac and renal SNA. Volume expansion in the HF animals was 
associated with an attenuated decrease in total renal SNA levels (to 80±6% of control) and no 
change in cardiac SNA. Interestingly, the decrease in renal SNA burst amplitude seen in normal 
animals was also seen in HF (from 56±6% to 50±6%) while the change in cardiac and renal SNA 
burst frequency was abolished. The selective decrease in renal SNA burst amplitude observed 
during volume expansion in normal animals persists during HF. It is tempting to speculate that 
activation of cardiopulmonary receptors can cause changes in brain or spinal circuits that 
selectively regulate the recruitment of renal sympathetic fibres while leaving the recruitment of 
cardiac sympathetic fibres untouched. 
Our data suggest that in the normal state volume expansion reduced the generation of 
sympathetic discharges to both the heart and the kidney, and also selectively reduced the number 
of sympathetic fibres firing together in a cardiac cycle to the kidney but not to the heart. In HF, 
the cardiac SNA response to increased volume was abolished, and the inhibition of renal SNA, 
which was attenuated, was due to a reduction in sympathetic burst amplitude, not burst 
frequency. 
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CENTRAL INFUSION OF LOSARTAN REDUCES THE ELEVATED CARDIAC 
SYMPATHETIC NERVE ACTIVITY IN HEART FAILURE 
 
SG Hood, R Ramchandra, AMD Watson, CN May   
Howard Florey Institute, Melbourne, Australia 
 
Heart failure (HF) is associated with increased sympathetic nerve activity and elevated levels of 
circulating hormones, including angiotensin II (Ang II).  The increase in cardiac sympathetic 
nerve activity (CSNA) that occurs in HF is particularly harmful because it can lead to 
arrhythmias and sudden death. We and others have shown that CSNA is regulated differently to 
other sympathetic outflows, indicating that it cannot be estimated from sympathetic nerve 
activity to other organs. Possible causes for the increased CSNA in HF are the elevated 
circulating levels of Ang II and increased activity of central angiotensinergic mechanisms.  
In this study, CSNA and RSNA were recorded in conscious normal sheep and in sheep with HF. 
Two aseptic surgeries were performed to construct a carotid arterial loop and insert a right 
ventricular pacing lead, and secondly to implant guide tubes above the lateral cerebral ventricles.  
Sheep were paced rapidly at 200-220 bpm until ejection fraction was less than 40%. Electrodes 
were then implanted in the thoracic cardiac, and renal sympathetic nerves and experiments were 
started 3 days later. One day prior to electrode implantation, cannulae were inserted for pressure 
measurements and infusions. The effect of central angiotensinergic blockade was determined by 
measuring the responses of CSNA, RSNA and arterial pressure to intracerebroventricular (ICV) 
infusion of losartan (1 mg/h). Arterial baroreflex curves of sympathetic nerve activity were 
constructed during a control period and after 5 hours losartan infusion. 
CSNA in HF sheep was greatly increased compared to normal animals (59 ± 19 spikes/sec vs   
24 ± 7 spikes/sec respectively, n=7).  HR was also higher in the HF group (94 ± 6 bpm vs 75 ± 5 
bpm), while arterial pressure was unchanged.  In HF, ICV infusion of losartan for 5 hours 
reduced the elevated resting level of CSNA from 59 ± 19 spikes/sec to 33 ± 8 spikes/sec and 
decreased HR from 94 ± 6 bpm to 77 ± 7 bpm, with no change in arterial pressure.  In normal 
animals a smaller decrease in CSNA was seen after 5 hours ICV Losartan (24 ± 7 spikes/sec vs 
14 ± 4 spikes/sec), while HR decreased from 75 ± 5 bpm to 67 ± 3 bpm. RSNA was elevated in 
HF compared to normal animals (42 ± 5 spikes/sec vs 29 ± 4 spikes/sec respectively, n=3).  After 
5 hours infusion of ICV Losartan, there was a tendency for RSNA to increase in HF (42 ± 5 
spikes/sec vs 68 ± 9 spikes/sec) with no effect in normal animals. 
Our results indicate central angiotensinergic tone is an important factor contributing to the large 
increase in CSNA in HF.  These findings also reinforce the notion of differential control of 
sympathetic activity to individual organs. 
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SYMPATHOINHIBITORY ACTIONS OF THE UROCORTINS SUGGEST 
THERAPEUTIC POTENTIAL IN ACUTE CARDIAC INJURY 
 
Chris J Charles, Dave L Jardine, Miriam T Rademaker, A Mark Richards 
Christchurch Cardioendocrine Research Group, University of Otago, Christchurch, New 
Zealand 
 
Using a model of cardiac sympathetic nerve activity (CSNA) recordings in sheep we have 
demonstrated for the first time, in a conscious animal model, that CSNA increases rapidly during 
the first 60 minutes following experimental myocardial infarction (MI), peaking at two hours and 
remaining elevated for at least four days.1 Furthermore, CSNA is increased in sheep who suffer 
sudden cardiac death in the first hours post-MI compared to those surviving at least 7 days.2  
We have previously reported that all 3 members of the urocortin (Ucn) family, Ucn1,3 Ucn2,4 
and Ucn35 have profound and sustained beneficial cardiovascular, hormonal and renal effects - 
including reductions in cardiac preload and afterload, improvements in cardiac output, inhibition 
of a spectrum of deleterious vasoconstrictor/volume-retaining factors, and augmentation of renal 
function in an ovine pacing-induced model of heart failure. In addition to their effects on cardiac 
and vascular function, the Ucn’s have potent cardioprotective actions, preventing cardiomyocyte 
death, reducing infarct size and reducing arrhythmias following ischemia/reperfusion in rat 
hearts. 
We have now studied the effect of Ucn16 and Ucn2 on CSNA in conscious sheep. Ucn1 (at doses 
both above and below the threshold inducing haemodynamic effects) significantly inhibited 
CSNA. Ucn2 induced a biphasic response in CSNA burst frequency with a brief initial rise 
(when arterial pressure was reduced) followed by a sustained fall. All other indices of CSNA 
showed sustained dose-dependent reductions. Inhibition of CSNA occurred despite a presumed 
generalised baroreflex-activation of vascular and possibly other sites of SNA as reflected in 
transient increases in plasma catecholamines. These are the first studies to report the effects of 
the Ucn’s on SNA and demonstrate potent inhibition of sympathetic traffic to the heart. 
A lack of stimulation or active suppression of CSNA is a desirable characteristic of candidate 
treatments in acute and chronic cardiac injury. Thus, the Ucn’s warrant further investigation as 
novel therapeutic agents post-MI. 
 

1Jardine et al. J Physiology 565:325-33;2005 
2Jardine et al. Am J Physiol 293:H433-9;2007 
3Rademaker et al. JACC 40:1495-505;2002 
4Rademaker MT et al. Circulation 112:3624-32;2005 
5Rademaker et al. Eur Heart J 27:2088-98;2006 
6Charles et al. J Hypertension 26:53-60;2008  
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