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Characteristics of the research group:
Integrative physiological studies of cardiovascular control are combined with molecular biology to
determine gene expression in skeletal muscle during rest and exercise. A specific characteristic is the
direct measurement of sympathetic nervous activity by microneurography. The studies are generally
invasive using arterial and venous catheters as well as microdialysis of skeletal muscle and muscle
biopsies. Muscle metabolism and specifically nitric oxide production is studied by the use of stable
isotope techniques. Both human volunteers as well as patient groups are studied, and pharmacological
interventions are used. Mechanistically the interplay between nitric oxide and the sympathetic nervous
system is a focal point.

Running projects: Titles and abstracts:
Nitric oxide deficient hypertension. Is there a sympathetic neural component?
It has long been hypothesized that nitric oxide deficiency could contribute to the development of human
hypertension. The first proof of concept was provided when the nitric oxide inhibitor L-NAME increased
blood pressure in normotensive volunteers to levels that would be considered hypertension stage I or II
(Sander et al. 1999). In the same study the use of the alpha-adrenergic inhibitor phentolamine provided
strong support that a sympathetic neural component contributes to the late phase of L-NAME-induced
hypertension. This has later been strengthened by direct microneurographic measurements during L-
NAME-administration in humans, as presented recently in abstract form. Whether primary or secondary
forms of human hypertension are characterized by nitric oxide deficiency is now a future focus using
stable isotope techniques. In addition, a recent collaboration has provided the first data on skeletal muscle
nitric oxide synthase expression in humans genetically predisposed to hypertension compared to humans
with no predisposition.

Exercise-induced skeletal muscle nitric oxide production. Effects on control of blood flow and
metabolism.
Skeletal muscle has abundant expression of nitric oxide synthase both as the endothelial isoform in the
vascular wall and as the neuronal isoform in myocytes. It is believed that exercise increases nitric oxide
production from the myocytes, ans such production could have strong local vasodilatory effects. Evidence
that skeletal muscle derived nitric oxide is important for the metabolic inhibition of sympathetic
vasoconstriction has been demonstrated in animal models (Thomas et al. 1998), as well as in Duchenne
muscular dystrophy patients, whi lack nitric oxide synthase in skeletal muscle (Sander et al. 2000) and
more recently also in L-NAME treated healthy volunteers (Chavoshan et al. 2002). On the other hand, it
has been more difficult to provide evidence using pharmacological inhibitors of nitric oxide synthase that
nitric oxide is important for exercise-induced hyperemia in situations without sympathetic activation.
Even within the last year the evidence has been conflicting in this area. Skeletal muscle exercise-induced
nitric oxide production by stable isotopes will be determined in the near future. In collaboration with a
group in Århus the interaction between nitric oxide and the sympathetic nervous system in the heart has
been studied (Buus et al. 2001).



Hypoxia-induced sympathetic activation. Underlying mechanisms.
Chronic hypoxemia in healthy volunteers produce a dramatic sympathetic activation, and the underlying
mechanisms are unclear. The first direct measurements of sympathetic traffic after weeks of
acclimatization has been provided in collaboration with Dr. Jim Hansen, and the follow-up study to
identify underlying mechanisms has been completed and is undergoing analysis. Whether nitric oxide
deficiency plays a role in this ned model of sympathetic overactivity  is unclear, but the model may
provide new insights into the underlying mechanisms for sympathtic overactivity in chronic pulmonary
and heart diseases, which are both characterized by chronic hypoxemia and sympathetic overactivity. In
collaborations the control of heart rate during hypoxemia is also studied. In other collaborations the
control of sympathetic activity during carbon monoxide poisoning is studied.

Muscle metaboreflex. Underlying mechanisms.
During fatiuing exercise metabolic products activate afferent nerve endings within skeletal muscle that
gives rise to the muscle metaboreflex characterized by increases in sympathetic traffic and blood pressure.
The underlying metabolic products and signal transduction pathways are uknown. In collaborations the
role of hydrogen ions and potassium is studied by microdialysis (Vissing et al. 2001).
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