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The Studies in Physiology series provides a concise
introduction to developments in complex areas of
physiology for a wide audience. Published on behalf of
the  Physiology Society, Cardiovascular Regulation
provides an up-to-date account of our current under-
standing of the control of the cardiovascular system that
is not covered by existing textbooks. Both students and
lecturers of cardiovascular and exercise physiology,
medicine, dentistry and biomedical sciences will find this
book informative and easy to read. Each chapter has
numerous summary boxes. ‘Essential reading’ suggestions
provide additional reading for undergraduates and the
suggestions for ‘Further reading’ cover the subject to
postgraduate level.

Contents include

* Integration of the respiratory and cardiovascular
systems

* Cardiovascular changes associated with sleep

* Regulation of blood volume

* Cardiovascular responses to exercise

* Metabolic control of blood flow

* Changing perspectives on microvascular fluid exchange
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Preface

This book, the second in the series Studies in
Physiology, arose out of presentations at a
Physiological Society Teaching Symposium held at the
Royal Free Hospital Medical School in February 1991.
At that time we felt it was opportune to arrange such
a symposium to inform Teachers of Physiology about
the numerous changes that had taken place in current
views on Control of the Circulation, especially since
many of these were only slowly being taken up by the
standard student textbooks. Subsequently, we felt that
the ideas expressed at the symposium deserved a
wider audience.

The text begins with an overview of the role of the
central nervous system in regulating the cardiovascular
system. This is followed by detailed descriptions of
how the cardiovascular and respiratory systems
interact during physiological situations, such as during
stimulation of the arterial chemoreceptors, during
diving, alerting and fear, when asleep or when
exercising. In particular, for each situation there is
discussion of how the central nervous system can
either integrate individual reflex responses or evoke
patterns of autonomic outflow appropriate for that
situation. The control of intra- and extravascular fluid
volumes — from the level of the whole body to the
capillary — is then discussed in chapters on the
regulation of blood volume, local control of blood
flow to individual vascular beds and the regulation of
fluid filtration across capillaries.VWWe hope the book will
be of interest to undergraduate students and their
teachers: the summary boxes and review references
cited as Essential Reading reflect this. In addition, for
those stimulated to study the subject to a greater
depth, each chapter also provides for Further Reading
to cover the subject to postgraduate level.

David Jordan
Janice M. Marshall



Abbreviations

ANP atrial natriuretic peptide

C interstitial protein concentration

C. lymph protein concentration

CP plasma protein concentration

CSF cerebrospinal fluid

CvVLM caudal ventrolateral medulla

CVM cardiac vagal motoneurone

DLH D-L-homocysteic acid

DVN dorsal vagal nucleus

ECG electrocardiogram

EDHF endothelium-derived hyperpolarizing
factor

EDRF endothelium-derived relaxing factor

EEG electroencephalogram

GABA Y-aminobutyric acid

IML intermediolateral cell column

J receptor  juxta pulmonary capillary receptor

LTF lateral tegmental field

MvC maximum voluntary conductance

NA nucleus ambiguus

NMDA N-methyl-D-aspartate

NO nitric oxide

NTS nucleus tractus solitarius

PaCO, partial pressure (arterial) of carbon
dioxide

PG prostaglandin

P, inorganic phosphate

PO, partial pressure (arterial) of oxygen

RVLM rostral ventrolateral medulla

SIDS sudden infant death syndrome

TPR total peripheral resistance






Central nervous integration of cardiovascular regulation

recordings of the activity of such neurones can
help with this. While vagal motoneurones with
axons projecting to the heart can be recorded in
both of the vagal nuclei, neurones having prop-
erties consistent with a cardioinhibitory func-
tion are found almost exclusively within the
NA of cats [15], but in both the NA and DVN
of rabbits and rats [12,15]. Recordings from
presumed cardioinhibitory neurones show that
their ongoing activity is dependent, at least in
part, upon the excitatory input they receive
from the arterial baroreceptors. In addition, the
arterial partial pressure of CO, (PaCO,), acting
via chemoreceptor inputs, can also provide a
proportion of the basal vagal tone, since reduc-
tion of PaCO, by hyperventilation evokes
tachycardia. Many other reflex inputs can also
modify cardiac vagal outflow [12,16] (Fig. 7). In
particular, inputs from pulmonary receptors
and the central respiratory drive can markedly
affect the level of vagal drive (see also Chapter
2). Vagal activity is reduced, leading to a rise in
heart rate, both during the inspiratory phase of
respiration, and when slowly adapting lung-
stretch receptors are activated by lung inflation.
Of course, under normal circumstances, both
these effects would occur simultaneously and
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this would explain the phenomenon of respira-
tory sinus arrhythmia, whereby heart rate
increases during each inspiratory effort. Indeed,
the degree of sinus arrhythmia is sometimes
taken as an indicator of the level of vagal tone at
any particular instance. Other airway receptors
also have marked effects on the heart when
activated; those in the upper airway and nasal
passages evoke marked bradycardia as part of
the ‘diving response’, while pulmonary and
bronchial C-fibre afferents also excite vagal
drive to the heart when stimulated. The ques-
tion remains unanswered as to the function of
those cardiac vagal motoneurones which do not
have the properties assigned to cardioinhibitory
neurones. In the cat, it has been proposed that
there is an anatomical organization of vagal
motoneurones — those in the NA being car-
dioinhibitory, while those in the DVN control
ventricular contractility. However, although
this idea is appealing, it has not been substanti-
ated by subsequent experimental work. There
1s no information regarding the vagal pre-
ganglionic neurones which modify conduction
through the atria-ventricular node, nor on the
central organization of the parasympathetic
innervation of coronary blood vessels, although
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Fig. 7. A summary of the possible mechanisms that interact at the level of the cardiac vagal

motoneurones to evoke cardiac slowing

Excitatory mechanisms are shown as solid lines, inhibitory
mechanisms as dotted lines. The lines indicate pathways
of unknown synaptic complexity, not individual neurones.
Abbreviations used: ACh, acetylcholine; H.D.A., hypothal-
amic defence area; P.IN., subpopulation of post-inspira-

tory neurones; S.A.R,, slowly adapting, lung-stretch recep-
tor afferents; S.L.N., superior laryngeal nerve afferents; ?,
postulated pathways. Adapted with permission from

[12].




