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Future perspectives in the study of
circulatory regulation during exercise

Professor, University of Waterloo Richard L. Hughson
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Abstract

The matching of blood flow to the metabolic demand of skeletal muscle
during physical activity is accomplished by the complex interplay of multiple
feed forward and feedback mechanisms that are often redundant and compen-
satory. Therefore, the metabolite-induced vasodilation is modified by neural,
hormonal(endocrine, paracrine and autocrine), local and physical factors. Ul-
trasound Doppler and imaging technologies have allowed researchers to ex-
plore the dynamic characteristics of blood flow regulation under conditions of
dynamic and static muscle activity as well as in response to release from circu-
latory occlusion. At the onset of moderate intensity rhythmic contractions
blood flow increases with two distinct phases. The first phase has been attrib-
uted in large part to the actions of the muscle pump with some vasodilation
contributing to the increased flow. This first phase can be considered as pri-
marily feed forward regulation from the perspective of delivery of oxygen to
muscles that will soon have an elevated demand for aerobic energy supply.
During the second phase blood flow adapts to meet the energy demand and
there is normally a strong linear relationship between absolute blood flow and
muscle oxygen consumption. This second phase of blood flow increase is re-
garded as being primarily under control of feedback regulation and research
has examined the relationships between the change in blood flow and various
vasodilator metabolites. In contrast to the concept of feedback regulation by lo-
cal metabolites, recent research has shown that vasoactive compounds such as
nitric oxide and prostaglandins play independent and additive roles in estab-
lishing blood flow during exercise that might be feedback or feed forward.
However, additional studies are required to determine if these compounds ac-
tually have a role in establishing blood flow during exercise or if they simply
permit blood flow to meet the metabolic demands. The link between blood
flow and metabolism at the onset of exercise can be explored under conditions
that manipulate flow such as acute elevation of mean arterial blood pressure
by changes in body position or activation of the muscle chemoreflex response.
It has been demonstrated that each of these models can modify muscle blood
flow and cause changes in the rate of increase in muscle oxygen uptake. Blood
vessel function is currently being explored during the reactive hyperemia that
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Richard L. Hughson

follows a period of muscle ischemia. Evidence suggests that nitric oxide re-
leased in response to elevated shear stress stimulation of the endothelial cells
has an important role in flow-mediated dilation. Further, factors such as
chronic hypertension or elevated blood lipids might impair the response due
to changes in the oxidant-antioxidant balance that alters the bioavailability of
nitric oxide from the endothelial cell. However, experiments from our labora-
tory found contradictory results. We found that acute hyperlipidemia did not
alter the flow-mediated dilation response in young and older subjects, and that
acute elevations in sympathetic nerve activity achieved by muscle chemoreflex
activation, lower body negative pressure, cold pressor test and mental arithme-
tic did not have consistent effects. Thus, future research is required to deter-
mine what links exist between sympathetic activation or elevated blood lipids
and endothelium-mediated dilation of conduit and resistance arteries and arte-

rioles.
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