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Research Aims

In Australia one in six persons have
high blood pressure and one in four
have a cholesterol problem that
predisposes to atherosclerosis
(arterial disease). Together these
account for over 50% of all deaths
and much serious illness due to
stroke, heart attack, heart failure
and kidney failure.

The Institute seeks to increase
knowledge of the causes of
hypertension and of atherosclerosis.
Our aim is to use this knowledge to
improve treatment and reduce the
incidence of these disorders and, if
possible to prevent them.
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History

The Baker Medical Research Institute
was founded in 1926. Thomas Baker died in
1928. With his wife Alice and sister-in-law
Eleanor Shaw, their estate provided the
funds to establish the Institute. Statutory and
discretionary grants from the estate con-
tinue to be a significant component of the
Institute’s income.

Thomas Baker and his partner J.J.
Rouse were pioneers in the production of
photographic materials. Their firm subse-
quently became Kodak (Australasia) Pty.
Ltd.

From its beginning as a laboratory ad-
ministered by Trustees providing bio-

chemical and clinical pathology services to
the Alfred Hospital, the Institute has evolved
into a major Australia medical research
facility specialising in research into cardio-
vascular disorders.

Since 1980, the Institute has been con-
stituted under its own Act of Parliament and
managed by a Board of twelve members,
representing the former trustees, represen-
tatives of the Alfred Hospital and Monash
University, members of the community and
the Institute’s Director (ex officio).

The Institute is affiliated with Monash
University and participates in the Univer-
sity’s higher degree training programmes.

B @y
T g e,

An early photograph of Thomas Baker's birthplace 11 Bishopston. Montacute, Somerset l6oking south to
St Catherine's Church. No. 1115 50 yards narth on the right side
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The
Baker Institute
at a Glance

1. Founded in 1926, through funds provided
by Thomas Baker, Alice Baker and Eleanor
Shaw.

2. It is Australia’s chief research centre
working on diseases of the heart and blood
vessels.

3. It is an independent research institute
with its affairs run by a Board of Manage-
ment. It is affiliated with Alfred Hospital and
Monash University.

4. It has a staff of 130 people. The research
is carried out in 14 laboratories and in the
Alfred Hospital’s Clinical Research Unit.
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President’s Report

Sir Lawrence Muir

1984 was a challenging year and one in
which decisions vital to the future of the In-
stitute were taken. It was a year in which
Government support for the Institute faltered
somewhat and private support was stronger
than ever.

In my report last year, | made mention of
the quickening pace of medical research
and the increasing dependence on the
avaitability of high technology equipment to
maintain the momentum. During 1984 it was
evident that the Institute was at a
crossroads. Ten years of research into the
major cardiovascular disorders had set the
scene for the chlinical application of the
research results. In order to provide this next
stage in the Institute’s development, the
Board recognised the need to invest in new
equipment. Almost $200,000 was spent on

two items — an amino-acid analyser as the
first stage in the establishment of a protein
chemistry laboratory and an echocardio-
graph for use in hypertension studies.

In order 1o finance these acquisitions,
the Institute had to dig deep into its
reserves. In doing so there was recognition
that equally costly and necessary equip-
ment could not be financed internally. After
a good deal of deliberation, the Board ap-
proved the launching of an appeal under the
titte “‘Before 2000 Heart Appeal” to raise
$2.0 million. The appeal is intended to pro-
vide the funds for the remaining equipment
for the protein chemistry unit, the replace-
ment of our 15 year old electron micro-
scope, a number of backlogged smaller
equipment purchases and the establish-
ment of fellowships to encourage collabora-
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tion between our scientists and others, both
within Australia and from oversgas. It is an
ambitious project and one which could not
succeed without the enthusiastic support of
the Development Council and Board. We
have recruited Mr. Bob Ansett and Mr.
Richard Pratt, Mr. Bruce Pascoe and
Mr. Michael Downes to help us. We are
especially grateful to them for joining our
Appeal Committee.

1984 and the first days of 1985 brought
sadness with the deaths of Sir John Reid, a
former Board Member, Mr. John Milne our
Honorary Treasurer and Dr. Michael Rear-
don, Head of the Lipoprotein Biochemistry
Unit. Each of them, in different ways, had
made a tremendous personal contribution to
the Institute and they will be missed.

The 1984 Baker Oration was delivered
by Professor Priscilla Kincaid-Smith — a
former member of the Baker institute’s staff
and one of Australia’s most distinguished
physicians. Her account of the work she
undertook in finding that abuse of
analgesics led to a serious form of kidney
disease was an enthralling detective story
enjoyed by an audience of over 100 scien-
tists and laymen.

1985 heralds the International Athero-
sclerosis Congress which takes place in
Melbourne in October under the Chairman-
ship of Dr. Paul Nestel, our Deputy Director.
Attendance at the Congress looks set to ex-
ceed all expectations. This is a tribute to the
planning and the programme which he and
his colleagues in the Congress organisation
have brought together.

Mr. Darren Baillieu was presented with
the Baker Institute Award at a small function
at his home attended by his family, former
Trustees, Board Members, the Director and
other Institute staff and the former Director,
Dr. T. Lowe. The Award, which acknow-
ledges distinguished service to the Institute,

was a fitting tribute to Mr. Baillieu’s associa-
tion with the Institute which extends over
almost 25 years. This was only the second
time the Award has been presented.

The Baker Institute survives and thrives
through the appreciation in the community
of the value of its research and what it
stands for — prevention of the two most
common and serious diseases in the com-
munity.

The financial support provided through
our Block Institute Grant from the Federal
Government did not grow at the rate an-
ticipated during 1984 and we were unable to
secure the level of State support we felt
justified in seeking. Support from both
quarters is a large and essential component
of our overall income for which we are
grateful. It is important to us that support
from Government is constant and paradox-
ical that while income from them has not
matched our expectations, non Government
grants from the Baker Benefactions, the
Alfred Hospital, the National Heart Founda-
tion, the Ramaciotti Foundation and the
many Trusts, Foundations, Companies and
private donors have been excellent. | am in-
debted to members of both the Board and
the Development Council for the efforts and
influence they exert on our behalf which
results in such widespread support from the
community. | should like to express par-
ticular thanks to those individuals who have
recently joined our Board; Mr. W.J. Bailey,
Mr. R.J. Barcham and Professor G. Ryan —
and our Development Council; Mr. F.I. Men-
zies, Mr. R. Miller and Mr. B. Pascoe for
their part.

| conclude by congratulating our Director
and his staff on a further year of achieve-
ment. In doing so | recognise that the suc-
cess of the Institute’s work results from team
effort and | thank all those who have par-
ticipated in whatever capacity.
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Director's Report

1

During 1984 Dr. Richard L. Havel, Direc-
tor of the University of California Car-
diovascular Research Institute in San Fran-
cisco and one of our Overseas Advisers
returned after an absence of about two
years. In his report to the Board, Professor
Havel remarked on the great strength and
originality of our clinical research pro-
gramme. It is gratifying to hear this from the
head of one of the world’s most prestigious
cardiovascular research centres. | am sure
that the programme owes much to the close
integration with the basic research of the
various basic disciplines. This has allowed
for rapid transfer of information from
laboratory to bedside. This collaborative ap-

Professor Paul Korner

Y

proach has greatly accelerated the evolution
of our current concepts related to primary
human hypertension.

Last year | attempted to present
“highlights” of our research programme in
plainer English than we have managed in
the Scientific Research Reports. This ap-
pears to have found favour with our sup-
porters and is therefore included in this
year's report.

The Institute’s fourteen research labora-
tories are currently engaged in over 70 pro-
jects. Some of these seek to obtain new in-
formation with established methods, but
each is engaged in 1-2 projects which re-
quire the deveilopment of new methods for
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their solution. This may take several years’
work before any results emerge. Such
developmental projects are the scientific
equivalent of high risk ventures in industrial
enterprises. Mostly only the larger research
groups have the resources for a significant
number of such projects, without jeopardis-
ing their current research productivity.
However, their successful development is
usually of great benefit to many other
groups.

The chairman of the Medical Research
Committee of the National Health and
Medical Research Council (NH&MRC) has
recently referred to the Baker Institute and
to the two -other medical research institutes
that it finances as the ‘“flagships” of
Australian medical research enterprise.
They should certainly be regarded as a
major resource in view of their outstanding
record of achievements in original research
and development. Yet in last year's Federal
Budget across-the- board cuts were made to
all NH&MRC grants including the Block
Grants of the Institutes, to allow funding of
additional new projects in universities and
teaching hospitals. | sympathize with the
hard decisions that had to be made by
NH&MRC. The new project grants did pro-
vide new opportunities, particularly for up-
and-coming researchers. But although the
cut in the Baker Institute’s budget was
relatively small it had a “last straw” effect
and led to draconian economies on the pur-
chase of new equipment in 1985, and to
some reduction in staff. We can stand this

on a once-off basis. It is important to
remember the productivity multiplier effect
of a collaborative research group and our
unique capacity for embarking on
developmental projects. Institutes such as
ours provide unique opportunities for the
relatively rapid solution of important national
health problems. For these reasons | very
much hope that NH&MRC will leave the
Block Institute Grants alone in future
budgets.

It is in the above context that the suc-
cess of our “Before 2000 Appeal” becomes
of major importance. The name epitomizes
our conviction that by the year 2000 AD the
work of our scientists will have made a
significant contribution to the international
research effort in hypertension and
atherosclerosis. We believe that this will
result in major improvements in the health
expectations of most Australians. The funds
will help purchase new equipment, replace
obsolete equipment and promote col-
laborative research with other Australian
and international centres. The recent com-
ments made by the OECD (Organisation for
Economic Cooperation and Development)
Examiners (Report to the Australian Govern-
ment, March 1985) are relevant. “We urge a
sustained effort to improve equipment in
universities, institutes of technology and
other educational institutions.” Success of
the appeal will enhance our effectiveness in
Australia’s contribution to the international
research effort.
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New strategy for Human
Hypertension

The extra pressure load of hypertension
leads to enlargement of the muscles and
heart and small arteries. As a result, the ef-
fect of every stimulus to the heart and
vessels becomes exaggerated when com-
pared with responses in the normal circula-
tion. For example, a given level of sym-
pathetic nerve activity leads to much greater
narrowing of the small arteries in hyperten-
sive individuals. Studies on experimental
renal hypertension in dogs and rabbits by
Warwick Anderson, Robyn Woods and
myself showed that these “amplifier” effects
contributed almost three times as much to
the maintenance of chronic hypertension as
the basic cause that initiated the pressure
rise. This disproportionate contribution of
the cardiovascular amplifiers affects every
type of hypertension, including chronic
primary (essential) human hypertension.
Here too the amplifier effect overshadows
the contribution to the raised blood pressure
made by the basic cause. This explains why
detection of the latter has been so elusive.

Knowledge of the role of the enlarged
muscles of the heart and arteries led Garry
Jennings and his collaborators in our clinical
research team to ask whether prolonged
anti-hypertensive drug treatment would lead
to reversal of the muscle enlargement and
at least temporary removal of the
“amplifier” effects. We also wondered
whether reversal of the muscle enlargement
would affect redevelopment of the hyperten-
sion once drug freatment was stopped.

It soon became apparent that reversal of
the enlargement of the arteries by anti-
hypertensive drug treatment was easy. But
reversal of the heart muscle enlargement re-
quired more prolonged and somewhat
greater reduction of blood pressure. It was
important to achieve adequate reversal of
both heart and arterial muscle enlargement
and we then found that when drug treatment

was stopped blood pressure remained low
and only returned gradually to the pre-
treatment level.

To date significant reversal of both heart
and vessels has been obtained in 15 pa-
tients. In these, after 20 weeks without drugs
the blood pressure obtained with the patient
lying down had climbed only one quarter of
the way to the pre-treatment level. Blood
pressure obtained while standing recovered
somewhat more rapidly, i.e. to about one
third to one half of the way to levels before
treatment. Probably the enhanced recovery
of the blood pressure on standing is due to
an increase in sympathetic nervous activity
in the majority of subjects, which may be
causally related to the development of this
high blood pressure. In 3 other patients we
could not take them off anti-hypertensive
drugs without fiuid retention and rapid return
of the hypertension. Possibly these are a
subset of “‘salt sensitive’”’ patients.

Our new treatment strategy envisages an
initial period of about 2-4 years of drug treat-
ment to reverse the muscle enlargement
and to abolish the amplifier effects. This is
foliowed by a period where we atiempt to
maintain blood pressure indefinitely at nor-
mal levels by non-drug methods directed at
the basic underlying cause of hypertension
in that individual.

We have found that regular moderate
exercise, performed 34 times per week is
one of the most effective ways of lowering
blood pressure. In 6 patients treated for over
2 years with drugs to reverse the muscle
enlargement, the blood pressure has re-
mained entirely normal for the 40-50 weeks
of the study after stopping drugs.

We do not yet know in what proportion of
the hypertensive population the new treat-
ment strategy will be effective. Possibly it
may be as high as 30-50% of patients.
There is now a rational basis for the hope
that the use of drugs in high blood pressure
need not be a lifelong affair. This could be a
matter of great benefit to patients and tax-
payers.
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Experimental Renal
Hypertension

Stenosis (narrowing) of the renal artery
occurs in about 5% of patients with
hypertension. Its diagnosis is important
because surgical repair of the renal artery
narrowing can produce permanent cure of
the hypertension. This type of hypertension
can be induced in experimental animals and
has, as already mentioned, provided us with
valuable insight about mechanisms that are
common to all types of hypertension, such
as the cardiovascular amplifiers.

Warwick Anderson, Robyn Woods and
Kate Denton worked out how the action of
the hormone angiotensin Il (All) within the
Kidney helps to maintain its filtering function.
When the renal artery is narrowed the
pressure beyond the stenosis would fall to
too low values for normal filtration of the
blood plasma by microscopic filtters called
glomeruli, which is the first step in the pro-
duction of urine. Local production of the hor-
mone All and its constrictor actions on the
vessels draining blood from the glomeruli
and from a related tissue called mesangium
helps to raise the glomerular pressure so
that the kidney can produce urine. This
elevation of pressure in the kidney also
helps reduce the resistance to blood flow of-
fered by the renal artery stenosis. In turn this
prevents the development of hypertension
when the degree of narrowing of the renal
artery is only moderate to 50-60% of its
diameter.

Surprisingly All is one of the most
powerful constrictor substances known. But
by confining its action locally within the
kidney, it acts paradoxically as an anti-
hypertensive mechanism in moderate
stenosis. Only when the stenosis is extreme,
with reduction of the diameter of the artery
by more than 80%, does the general blood
pressure go up. In severe stenosis the local
actions of All no longer suffice to maintain
filtration of plasma and urine formation. All is
now formed in very large amounts, which
spill over into the general circulation where it
constricts blood vessels outside those of the
affected kidney. The development of
hypertension really occurs to compensate
for the stenosis, since by sending the blood
pressure high enough the kidney's filtration

function can be maintained. Development of
hypertension is good for the kidney but not
for the body as a whole.

Nervous System and Circulatory
Regulation

Regulation of the circulation by the ner-
vous system is through the so-called
autonomic nervous system — the sym-
pathetic and vagus nerves and the adrenal
catecholamines produced by the adrenal
gland. These regulate the rate and force of
the heart beat and the calibre of the blood
vessels. Over half of our laboratories have
projects relating to circulatory regulation by
the autonomic nervous system. Increased
activity of the sympathetic nerves has long
been suspected to be a possible cause of
primary human hypertension. This is cer-
tainly consistent with our recent work on
redevelopment of hypertension.

One reason for the large effort is that
there are enormous gaps in our understan-
ding of the physiology of circulatory regula-
tion or the exact mechanisms by which
drugs influence autonomic function to aiter
blood pressure. This knowledge is essential
to focus research on autonomic nervous
system function in humans where the depth
of analysis is more limited than in animal
studies or in vitro preparations.

We are studying the properties of dit-
ferent sympathetic nerve cells in the brain
and the chemical and physical mechanisms
that lead to the excitation of one cell by
another. Elspeth McLachlan and David Hirst
have recently shown that preferential excita-
tion by one group of cells involves opening
up by the released transmitter of very
localized membrane channels in the adjoin-
ing cells, that allow the rapid entry of
calcium. In another series of experiments
David Hirst, Michael Lew and James Angus
have confirmed David Hirst's original obser-
vation that transmission of excitation from
the sympathetic nerve endings to the arterial
muscles after release of noradrenaline, is
through a new type of membrane receptor
called the gamma receptor. This receptor
may become an important target for new
drug development and its discovery has far
reaching implications for autonomic
neuropharmacology.
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Alex Bobik and colleagues have studied
how pathophysiological enlargement of the
heart in hypertension affects sympathetic
nerve function. Sympathetic nerve activity
increases in this condition at rest, as has
also been found in man. This seems to be
close to the limit and a further chronic in-
crease in sympathetic nerve activity pro-
duces a gradual running down of the
catecholamine transmitter stores at the
nerve endings. Alex Bobik has found that
chronic sympathetic overactivity in longstan-
ding hypertension damages the transport
pump that normally recycles transmitter
back into the ending after its release. Clearly
chronic sympathetic overactivity is some-
thing to be avoided in chronic hyper-
tension and may explain the relative ease of
developing heart failure.

We are trying 1o identify the exact site of
action in the brain of centrally acting anti-
hypertensive drugs, in order to obtain clues
about the brain mechanisms important in
longterm regulation of blood pressure. Geoff
Head, Alex Bobik, Emilio Badoer, Judy
Aberdeen, Gordon Mill, Kay Oddie and |
have found that the drugs alpha-methyldopa
and clonidine lower blood pressure through
their action on nerve cells of the hindbrain
that release catecholamines and serotonin
as transmitters from their nerve endings.
After destroying the endings of cate-
cholamine-releasing nerve cells the lowering
of blood pressure due to the central action of
alpha-methyldopa is completely abolished.
We have pinpointed three groups of nerve
cells that are involved in this action and have
worked out the effects on the circulation of
some of the other catecholamine releasing
cell groups.

In addition to the work on molecular
properties of the nervous system we are
also interested in finding out the gross com-
ponents important in the integration of in-
coming information by the brain and how as
a result there is adjustment to the levels of
sympathetic and vagal nerve activity in the
intact animal. Pat Dorward has developed a
method where small electrodes are im-
planted on the renal sympathetic nerve,
allowing subsequent recording of its activity
over many days in the conscious rabbit.
She, Sandra Burke and Walter Riedel have
examined the role of various receptors

signalling pressure changes in the heart and
in the arteries on renal nerve activity. This
work has shown that the signals from the
heart are much more important than was
thought. They act as an inhibitory break
which limits excessive rises in sympathetic
activity particularly during large falls in
return of blood to the heart. Judy Oliver and |
have found that this switching off of sym-
pathetic nerve activity is important during
haemorrhage in preventing excessive con-
striction not only in the kidney, but also in
the blood vessels of the gut and limbs. In
both projects computer programmes
developed by Judy Gipps have been essen-
tia! for the work.

John Ludbrook and Simon Potocnik
have begun to examine the effects of exer-
cise on the body’s short term nervous
regulator of blood pressure — the arterial
baroreceptor reflex. They have found that
with moderate and even very mild activity
the brain suppresses the information arising
from the arterial baroreceptors. This allows
the blood pressure to increase a little during
exercise, possibly owing to compensatory
constriction of beds other than the active
muscles.

The autonomic nervous system has long
been regarded as the major mechanism in
short-term circulatory regulation. Recently
there has been much controversy whether
circulating hormones such as angiotensin Il
or the pituitary hormone vasopressin also
play a role. Tony Quail, Robyn Woods, Judy
Oliver and | have found that in haemorrhage
there is a significant increase in the secre-
tion of vasopressin only when the blocd loss
is beyond the performance limits of the ner-
vous system. Although at this time the hor-
mone is secreted in large amounts it makes
a negligible contribution to the maintenance
of blood pressure. It is of far greater impor-
tance in its action on the tubules of the
kidney, which assists in the conservation of
water by the body.

Murray Esler, Alex Bobik and Graham
Jackman, have pioneered over several
years the development of new biochemical
methods for the accurate analysis of sym-
pathetic nerve function in humans. This
allows assessment of tonic levels of sym-
pathetic nerve activity and of the rate of
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reuptake of transmitter following release by
a membrane pump at the nerve endings.
Not only can the average levels of sym-
pathetic nerve activity and reuptake be
assessed, but the latest extension of these
methods has been to assess these functions
in the individual outflows to different organs.
We have learned from animal studies that
the sympathetic nervous system operates in
a patterned manner, with activity increasing
in the nerves to some organs and decreas-
ing in those of others. Murray Esler, Greg
Hasking and Garry Jennings have found
that in patients with heart failure sym-
pathetic nerve activity is particularly high in
nerves supplying the heart which may ac-
count for their great susceptibility to rhythm
disturbances.

Most emphasis has been on the
investigation of patienis with  primary
hypertension. In these the sympathetic
nerve activity in the kidney is raised in over
50% of young patients which may be impor-
tant in the causation of hypertension. Pa-
tients who are excessively fat also have
disproportionately high renal sympathetic
nerve activity. Murray Esler has identified a
subset of 10-15% of patients in which the
reuptake pump of the sympathetic nerve en-
ding fails to return transmitter at an ade-
quate rate, resulting in sympathetic overac-
tivity. All the above studies have discovered
a variety of abnormaiities of sympathetic
nerve function that are of potential
significance in the development of hyperten-
SionN.

Another study may lead to im-
provements of patients with severe liver
disease due to cirrhosis. lan Wiliett, Frank
Dudley, Murray Esler and Garry Jennings
have found that average sympathetic nerve
activity to the gastrointestinal tract is par-
ticularly high in these patients. They have
found that this contributes significantly to
the elevation of the portal vein pressure.
Portal vein hypertension increases the risk
of torrential and often fatal bleeding from the
gastrointestinal tract. The new finding is that
clonidine, which lowers sympathetic nerve
activity significantly reduces portal vein
pressure. This may be a valuable approach
to risk reduction from bleeding in portal
hypertension.

Spasm of Coronary Arteries

Some patients with angina (pain from
the heart) have coronary arteries that are not
obstructed by fatty plagues. Cine x-ray
studies have shown that the angina is due to
spasm of the large coronary arteries suppiy-
ing the heart. The mechanism of how this
comes about has been studied by James
Angus, Tom Cocks and Julie Campbell. It
tums out that the responsiveness of large
arteries to dilator and constrictor stimuli
depends on the integrity of the single lining
of cells inside the vessels — the endothelial
cells. These cells release a local hormone
called “‘endothelium-derived relaxing
factor”, EDRF. When the endothelium has
been damaged and EDRF can no longer be
produced, certain circulating substances in
the blood, which normally dilate the vessels
by increasing production of EDRF, now con-
strict them through their direct action on the
muscle coat. A particularly potent substance
in this regard is serotonin which is released
from damaged blood platelets. When the
endothelium is intact this substance leads to
production of EDRF and dilatation, but after
damage serotonin through its direct action
on arterial muscle can bring about spasm of
the vessels. We are seeking to determine
the chemical composition of EDRF, which
appears a worthwhile target for new drug
development.

Atherosclerosis

High blood fats increase the chances ot
developing atherosclerosis of the coronary
artery, which is responsible for heart at-
tacks. It has been clear for a long time that
one of the biood fats, cholesterol, causes
coronary artery disease. Recent ex-
periments by Paul Nestel, Julie Campbell,
Michael Reardon and Tim Billington have
shown that another group of blood fats, the
triglycerides, are also an important cause of
coronary artery disease. Coronary
atherosclerosis occurs when triglycerides
accumulate in the blood in association with
specific protein particles called lipopro-
teins. The important findings are that high
plasma triglycerides produce coronary
disease more readily in women than in men,
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probably because female sex hormones
strongly influence the fate of blood
triglycerides. When triglyceride-rich particles
were incubated in tissue culture with dif-
ferent kinds of normal artery cells, the cells
changed into the sort of cells found in
atherosclerosis. The experiments also
revealed the chemical structure in the par-
ticles that attracted the triglycerides into the
arterial cells. Fortunately it is possible to
lower blood triglycerides through dietary in-
terventions. One dramatic way of reducing
plasma triglycerides is by eating certain
polyunsaturated fish oils, where Paul Nestel
and Sue Wong have worked out the
mechanism of why this reduction occurs.

A most important question in reducing
disease in coronary arteries is how the
surplus cholesterol in these arteries is
removed. There is a substance in the blood
called high density lipoproteins (HDL) which
prevents a build-up of cholesterol in the
arteries of healthy people. The HDL must
first come into contact with the arterial cell
so that the cholesterol can be moved out of
the artery. Noel Fidge, Paul Nestel and their
collaborators in the Cardiovascular
Metabolism Research Unit have just
discovered how this comes about. They
have isolated a special protein on the sur-
face of the cell which acts as a recognition
signal for the protein in the HDL. The two
proteins attract each other, so that HDL
binds firmly to the cell. The specialised pro-
teins in the HDL then pull cholesterol out of
the cell. The question whether the receptors
can be activated to attract more HDL and
thus transfer more cholesterol out of the cell
IS now under intensive investigation.

Julie Campbell and her colleagues have
defined some of the cellular factors that

maintain arterial muscle in its normal con-
tractile state. It turns out that here too the
endothelial cell plays an important
regulatory role. After damage to these cells
the arterial muscle cells in response to blood
borne substances may lose the capacity to
contract. Associated changes in metabolism
result in an increased accumulation of
cholesterol. Understanding the cellular
mechanisms will provide us with new in-
sights about the various factors determining
resistance to atherosclerosis and why some
individuals with similar cholesterol levels are
more resistant than others.

Cardiovascular Surgical Research

In surgical shock after haemorrhage the
body’s natural opioid (morphine-like)
substances may contribute to the circulatory
depression. Peter Rutter and John Lud-
brook have discovered that the low blood
pressure following haemorrhage can be
rapidly reversed by the drug naloxone,
which is an antagonist to the actions of mor-
phine and related opioids.

Frank Rosenfeldt and colleagues have
continued with their studies on defining the
optimum conditions for cooling and reper-
fusing the heart during open heart surgery.
He has developed a pump for uniformly
cooling the heart, which has been most
valuable in avoiding damage during the pro-
cedures and is now regularly used at Alfred
Hospital and other cardiac surgical units.
More recently he has developed a
microprocessor unit to regulate the post-
operative infusion of drugs to maintain blood
pressure near normal levels during intensive
care following open heart surgery.
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The “Before 2000 Appeal”

During 1984 the Board approved a pro-
posal of the Development Council to launch
an appeal during 1985 to raise additional
funds for the replacement and acquisition of
capital equipment and other significant ob-
jectives which could not be attained through
operating funds.

The building now occupied by the In-
stitute in the grounds of the Alfred Hospital
was completed in 1969 and much of its piant
and some major equipment was installed
soon after that date.

The major purpose of the appeal is to
purchase high technology equipment that
has become essential for the current direc-
tion of our research programme. Amongst
these are biotechnology instruments that
have become available with the rapid ad-
vances in molecular biology such as an
amino-acid sequencer, peptide synthetizer
and equipment for immuno- histochemistry.
There is also a great need to expand our
computer facilities. Some existing equip-
ment no longer performs in accordance with
requirements (e.g., electron microscope).

‘State of the art’ equipment is critical to
modern research. In this connection it is per-
tinent to quote from the recently published
1985 report of the OECD (Organisation for
Economic Co-operation and Development):

“We urge sustained effort to improve equip-
ment in universities, institutes of technology
and other tertiary education institutions’’.

Another important emphasis of the
Before 2000 Appeal is to establish a
Research Fellowship Programme. It has two
aims:— Firstly, to make available the In-
stitute’s resources to other Australian scien-
tists, by providing stipends to aliow develop-
ment of short-term collaborative program-
mes with Baker Institute scientists. The se-
cond aim is to provide a smali number of In-
ternational Research Fellowships, that will
allow outstanding overseas young scientists
from other countries to spend a period of
collaborative research at the Institute. We
envisage that these programmes will result in
bilateral transfer of technological and scien-
tific information within Australia as well as
between Australia and other countries. It is
likely to have considerable impact in pro-
moting Victoria’'s and Australia’s role in basic
and cfinical cardiovascular research.

The last aim of our appeal is to allow a
number of building additions and alterations
to provide improved use of laboratories.

The Appeal is being directed towards
government and corporate sectors, to in-
dividual private donors and to the current
financial supporters of the Baker Institute.
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The Third Thomas Baker Oration™

e

A Bex, acup of tea . . .

Orator:
Professor Priscilla Kincaid-Smith
Professor of Medicine, University of Melbourne and Director,
Department of Nephrology, Royal Melbourne Hospital

Through the whole story of the form of
kidney disease associated with ‘“‘the
headache powder”, which is largely a
disease of women (as was predicted by the
Lone Hand in 1907), runs a thread of an
association with alcohol, perhaps tenuous at
times and difficult to unravel and yet suffi-
cient association to make one wonder if
alcohol has a role in this disease.

Perhaps it's just an association. People
who habitually use excessive quantities of
one ‘'‘drug’” or mood-altering substance
tend to abuse others. Patients with
analgesic nephropathy — the long name
used to describe the effects of pain killers on
the kidney — are often also alcoholics. In-
cidentally they are also heavy smokers —
another “mood-altering™ drug.

Years ago, when visiting the village at
the Folk Museum at Swan Hili, which dates
back to the last century, | was particularly in-
terested in the pharmacy. In the window of
the little old chemist shop was a medical text
book open at a page which showed clearcut
lesions of renal papillary necrosis, the type
of damage which resuits from pain killers
and about which you’ll be hearing more this
evening. Underneath this picture was the in-
scription “The evil effects of alcoholic liquor

~on the kidney”. Perhaps they knew some-
thing about alcohol and the kidney which we
have not yet been able to uncover.

Inside the little old chemist shop, the first
thing that caught the eye were old fashioned
painted advertisements for Bex and
Vincents. A further suggestion to support
the claim in “The Lone Hand” that the

"Delivered on 20 February 1985

“headache powder habit” may date back a
very long time in Australia.

There's at least one story, on the other
hand, which suggests that alcohol may pro-
tect the kidney from damage due to pain
kilters. A colleague of mine had a waterside
worker as a patient and when he read in the
press in 1964 that pain killers could damage
the kidney he went to his doctor and
demanded a kidney x-ray, which turned out
to be quite normal. He had been in the habit
of taking large quantities of Ascotin — a
form of APC — for 10 years or more and
because his x-ray was normal decided to
continue this practice. In keeping with the
Australian male image, he also drank 10
pints of beer daily. A few months later he
saw the error of his ways and stopped drink-
ing but, as he had been reassured about his
kidneys, he continued to take Ascotin and
within a year he had developed extensive
kidney damage typical of that attributed to
analgesics. This story strongly suggests that
over the 10 years while he took his 10 pints
of beer a day with Ascotin his kidneys were
protected but, as soon as he stopped drink-
ing beer, he quickly developed papillary
necrosis, or death of the inner part of the
kidney, which is typical of the damage caus-
ed by pain killers. There is good evidence in
animals to show that a big fluid load protects
the kidney from analgesics. These drugs
(and others) tend to accumulate in the inner
part of the kidney and high fluid intake helps
to prevent this.

| mentioned these tenuous associations
with alcohol partly to emphasise how difficult
it can be to establish a causal relationship
between any substance and chronic
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disease. | think there is now overwhelming
evidence that analgesics are the cause of
this type of kidney damage. However, that
was not always the case. In their campaign
against analgesic abuse in our community,
organisations such as the Australian Kidney
Foundation were bitterly opposed by those
sections of the pharmaceutical industry who
make and market anaigesics. It was in-
teresting to discover how many fortunes
were founded on Aspirin. We all know about
some of them but, in almost half of the big
pharmaceutical companies, there was
evidence of a substantial stake in over-the-
counter analgesics. Some, like the Aspirin
Foundation, were more militant than others
and would have been very ready to transfer
the blame to alcohol if they could. As the
evidence against mixed analgesics such as
Bex and Vincents mounied, industry in
Australia changed its stance. One drug in-
gredient present in analgesic mixtures was
singled out for blame, the implication being
that the other ingredients were harmless.
This substance was, of course, phenacetin.
As early as 1962 when, as a result of work in
this hospital and others, the story first sur-
faced in the public press, several companies
in Australia removed phenacetin from over-
the-counter mixtures. They then advertised
their own particular brand as “safe — con-
tains no phenacetin”. Many companies
substituted paracetamol for phenacetin,
although they were well aware that
paracetamol is the major breakdown prod-
uct of phenacetin. Some 90 per cent of a
dose of phenacetin is converied 1o
paracetamol soon after ingestion and it is
paracetamol, not phenacetin, that ac-
cumulates in the inner part of the kidney, the
part where major damage occurs.

At an experimental level, the evidence
against both phenacetin and paracetamol is
similar — slender against both, but the
sarne. Aspirin, orginally believed to be free
from risk, will on its own produce much
more damage in animal experiments than
either phenacetin or paracetamol. The APC
combination, however, is the one which
most readily produces this type of damage
to the inner part of the kidney in animals and
it is this APC combination which has been
associated with abuse of pain killers in man.

It is interesting to try and trace how

5
(DOES NOTY AFFECT THE HMEART)

FROM THE LAND OF THE

ANZACS

phenacetin got its bad name. Nowhere in
the world has phenacetin been available as
a single substance; therefore, we have no
evidence in man that it is harmful.
Phenacetin was always combined with other
substances in analgesic mixtures and these
differed in different countries. Phenacetin
really got bfamed on the ‘‘common
denominator’” basis and many of you here
tonight will know the flaws in such reason-
ing. A famous pharmacologist, Alfred
Gilman, pointed out that, using similar logic,
one could well conclude that soda water
produced inebriation because Scotch and
seda, Vermouth and soda, and brandy and
soda all produce the same effect.

| would have to admit ta you tonight that
the last chapter in this story has not yet been
written. We still don’t know exactly what
contribution is made by the various ingredi-
ents of pain killers in different medications
around the world. We have had to settie for
a ‘‘consensus view" adopted recently at an
International Meeting in Washington that all
mixed analgesics are harmful when taken in
excessive amounts and that restriction
should aim at control of abuse and contro! of
mixtures. As usual, this international con-
sensus view was about ten years behind the
consensus view In Australia which they
adopted.

Whatever the reason, analgesic neph-
ropathy appears to be far more frequent in
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Australia than it is in the United Kingdom. In
February 1959 | came to work at the Baker
Institute with Dr. Alf Barnett and Dr. Tom
Lowe. As part of my routine, | visited the
autopsy room at the Alfred Hospital every
day and almost at once became aware of a
form of kidney disease which was very
frequent at this hospital and which | could
not recall having seen in 6 years of daily
autopsy attendances at the Royal
Postgraduate Medical School in London. |
would like to show you what this type of
kidney looks like because an important part
of the story relates to this. This kidney
change was attributed at that time, both in
Melbourne and elsewhere in the world, to in-
fection. What | couldn’t understand was how
kidney infection in Melbourne could produce
this change, whereas kidney infection in
London did not. | should say that no-one at
that time had associated this particular con-
dition, namely papillary necrosis with
analgesics. Quite a different kidney lesion
has been described in Switzerland and
Scandinavia, with a suggestion that
phenacetin may be the cause of it. This was
involvement of the outer part of the kidney,
whilst any involvement of the inner part, with
its black papillae, was assumed to be secon-
dary. This created a further stumbling block
and diversion, from which our opponents in
industry made much capital, namely there
was confusion about the type of lesion. | was
howled down by European pathologists in
1963 in Prague when | showed some of our
cases and suggested that the primary in-
volvement was in the inner part of the
kidney. The following year, at a meeting in
Boston, | was told very firmly by some of the
world’s most famous pathologists that
papillary necrosis was due to analgesics
and the primary lesion in analgesic
nephropathy.

The next piece of this puzzle fell into
place when my huband, Dr. Ken Fairley,
who happened to work with Dr. Bill King, a
well-known physician and gastroenteroiogist
in this city, saw a whole series of patients for
Bilt King, in whom kidney failure developed
after operations for peptic ulcer. indeed, our
first description of this kidney condition was
in association with peptic ulcer. In taking the
history of these patients, several gave a
story of renal colic — the type of kidney pain

which results from a stone — or other tissue
passing down the ureter — the tube which
connects the kidney to the bladder. Some of
these patients also gave a story of passing
little dark fleshy things in their urine. Even-
tually Ken got hold of one of these and it
proved to be one of those biack dead
papillae. There was thus no doubt the
kidney condition in this group of ulcer pa-
tients was papillary necrosis — the same le-
sion as had puzzled me in the autopsy
room. All patients gave a story of taking
large quantities of Bex or Vincents and so
the final piece of the jigsaw puzzle had fallen
into place.

Thus, by late 1959, we were convinced
that Bex, Vincents and other mixed
analgesics caused both peptic ulcers and
kidney failure due to papillary necrosis. It
took some years to convince others and in-
deed it was only last year — 25 years later
— that the whole concept was accepted by
an international group. One of the first three
publications in 1962 came from this Hospital
and several of the patients were ones whom
| had seen in Ward 8 — the ward attached to
the Baker Institute — in 1959.

Let me tell you some of the stories about
this strange disease and the extraordinary
quantities of pain killers taken by some
patients. I'd like particularly to emphasise
that these patients were taking analgesics
not as pain killers, but for their “pick me up”
mood altering properties. Four of every five
patients are women. They suffer not only
from kidney trouble but also have peptic
ulcers, psychological disturbance, increas-
ed coronary artery disease and other
vascular disease, anaemia and various
other problems, including premature
ageing.

The kidney damage resulting from pain
killers itself causes kidney infection, blood in
the urine, severe kidney pain, kidney stones
and high biood pressure.

Most patients were middie-aged women
in fower income groups. Many had acquired
the habit as teenagers when first entering
the workforce. Whether they worked in fac-
tories or as ‘‘clippies’” on the buses, they
told how their workmates introduced them to
the habit of having two or three powders
with their morning cup of tea for their
stimulant effect. Powders — which are ab-
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sorbed more rapidly than tablets — were
much more popular because they had a
much bigger “kick’’. Headache soon
became part of the pattern, probably caf-
feine withdrawal headache which occurs an
hour or two later and reminds the patients to
take another dose.

Certainly these patients when ““hooked”
on analgesics were always fiddling around
finding the next dose in much the same way
as a smoker does. Let me tell the stories of
some of the exceptions that prove the rule
— the men.

A doctor — once a well-known surgeon
in this city — presented with kidney failure
after an operation for peptic ulcer. When
gquestioned about his analgesic-intake, he
said he took about 30 doses of APC a day.
He was a very co-operative patient and very
helpful to us. When he actually counted the
number he took, it was nearer to 100 than
30 — a dose which would be fatal to anyone
unaccustomed to these drugs. This doctor
was one of the patients who first made us
aware of the stimulant or mood altering ef-
fects of analgesics — he took a variety of
dummy tablets for us and the ingredient
which he missed most because of this mood
altering effect was surprisingly not caffeine,
but phenacetin. He also noticed when caf-
feine was missing, but particularly wanted
the effect of the phenacetin. He died not of
renal failure but of severe coronary artery
disease, commonly seen in these patients.

A pharmacist told us that, as he passed
through his shop he helped himself at
regular intervals to a few APC tablets, which
were then kept in barrels because of large
demand. At night he took a paper bag home
and claimed that a Scotch had much more
punch when taken with a handful of APC'’s.

A taxi driver was admitted with severe
kidney failure in 1962:— He took a powder
each time he pulled up at the traffic lights
without any fluids — an almost impossible
task! The main lesson learnt from him was
how well kidneys can recover when patients
stop taking APC’s. Although he required
dialysis when we first saw him, his kidney
function recovered and he remained well for
5 years. We also learnt from him about the
effects of aspirin. Five years after his
recovery he suddenty deteriorated again
when he started to take, not APC'’s, but

aspirin on its own in a dose of about 10
tablets a day.

Well — what is the story about aspirin?
Some of you may be taking aspirin every
day to help prevent clotting of your biood.
Aspirin is a remarkably effective drug with at
least two important pharmacological effects.
We all know how effective it is for a
headache, or what the advertisers call
“rheumatic pains”, and more recently it has
been shown that it also helps to stop blood
clotting. It produces both these effects by in-
hibiting certain prostanoid substances, one
of which causes blood clotting and another
inflammation. The damage which aspirin
causes in the kidney may also be caused by
a similar mechanism; another prostanoid
regulates blood flow of blood in the inner
part of the kidney. Aspirin, by inhibiting this
substance, indeed by causing death of the
cells which make it, reduces the blood flow
to that part of the kidney and eventually
death of the kidney tissue itself. Like many
things, aspirin in moderation causes no
harm but, in large amounts, it can cause
kidney damage.

Those of you who regularly hear about
research in this famous Baker Institute will
know of a connection between blood clotting
and the common disease of the arteries call-
ed atheroma. You may already wish to ask
why patients who take large quantities of
aspirin every day get more coronary artery
disease rather than less? A very good ques-
tion. We know that a small dose of aspirin in-
hibits the formation of a “bad” prostanoid
thromboxane, which causes clotting. In
large doses, it also prevents the formation of
a ‘‘good” prostanoid — prostacyclin — and
this may be the reason why these patients
get more than their share of coronary
disease.

In animals, it is much easier to cause
papillary necrosis with aspirin than with
phenacetin. Indeed it is impossible to cause
more than a very minor change with
phenacetin. In humans, aspirin on its own
rarely causes problems unless taken in very
large doses. This is probably why we rarely
see this form of kidney damage in patients
who take aspirin to control arthritis.

Finally, why are we such a nation of pill-
poppers? Various community surveys have
confirmed that 3 to 15% of the Australian
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population take analgesics every day — 3%
in Victoria, more (15%) in Queensland —
and, as | told you, kidney failure from this
cause is much more frequent in Queensland
than in Victoria. The most startling figure
revealed in a survey in a country town in
New South Wales was that 45% of
Aboriginal women took analgesics every
day. :

I've tried to indicate how peer pressure
has introduced people to this habit in fac-
tories and this occurred even in schools.
The pattern is similar to that of other peer
pressure habits like smoking.

The most serious effect of analgesics is
kidney failure. This accounts for some 20%
of all patients in Australia who require
dialysis. This costs the taxpayer $30,000 per
year per patient, millions of dollars every
year across Australia. All of it could be
prevented, which would not only save

money but also avoid all the patient suffer-
ing which occurs in this disease.

What has happened over the 25 years
encompassed by my story? | believe that a
major reduction occurred many years ago.
Between 1959 and 1962, we collected 100
patients with analgesic nephropathy in one
hospital. Now, 25 years later, in the same
hospital we see 5 to 6 new patients each
year. As | told you, however, official records
show no real reduction in those presenting
with kidney failure but factors such as ac-
ceptance of older patients may influence
this.

In attempting to answer the question
why we have such a problem in Australia, |
wonder if the man who instituted a type of
advertising of over the counter analgesics
bears some responsibility. It was highly ef-
fective and enormously increased their
sales. This type of advertising persists
today.

Channel.

enclose photo which you may publish

ASPRO

MESSAGE

N\ from the

\ BOTTOM
\ OF THE SEA

ONE of the letters in appreciation of ASPRO just received is

rather unique in its way as it was written at the bottom of the
Sea and inside a Submarine by Able Seaman J. Jevons. We publish
it herewith for the benefit of Headache sufferers.

Able Seaman J. Jevonas,

Dear Sire, | hove served in Submarines for 7 years, and | can say that life in Submarineais o
very nerve trying ordeul, ond at the uctual time of writing we are lying at the bottom of the

On conditions like this we are always on watch, and the atmosphere at times becomes
cxtremely thick and nauseating, which, after hours of breathing, gives me a terrific headache.
After teving several well-known remedies | find that the only really permanent one is your
CASPRO " Tublets, and all the crew nou take them ae we find that they give instant relief.

Thes testimonsal is guite unsolicited and you may use st to the beat of your adventage, |
I remarn, Yours faithfully, (Signed) J. Jevons.

FROM HM SUBMARINE
L s LT

H.M. Sobmarine L.71, DEVONPORT.

DON'T TAKE DANGEROUS DRUGS — TAKE ASPRO
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Visiting Scientists

Dr. David Hirst

The Neurophysiology Laboratory s
privileged to expand during 1985 with the ar-
rival of Dr. David Hirst who is visiting from
The Department of Pharmacology, John
Curtin  School of Medical Research,
Australian National University, Canberra.
David is internationally known for two fields
in which his electrophysiological studies
have made major contributions. Some years
ago his studies of the behaviour of enteric
neurones and smooth muscie made great
advances in our understanding of the
physiology of peristalsis. More recently, he
has been investigating the process of
transmission between sympathetic axons
and arteries. These experiments have
revealed the presence of sub-synaptic
receptors on arterial smooth muscle cells
that differ from those of the conventional a
and b adrenoreceptor classification. This
has important implications for the develop-

ment of better anti-hypertensive drugs. Dur-
ing his stay he has already infiltrated the
Pharmacology Laboratory, and has per-
suaded our pharmacologists to collaborate
in experiments designed to establish the
functional role of the sub-synaptic receptors.

Peter Rutter

After graduating M .B., B.S., in London in
1975, Peter has trained as a surgeon in the
U.K. obtaining his FRCS in 1980. After
some initial work at St. Mary's Hospital in
LLondon, he has come to the Institute for a
period of 18 months to work in the car-
diovascular surgical research unit with Pro-
fessor John Ludbrook.

He is studying the actions of narcotic an-
tagonists on the sympathetic nervous
system in haemorrhage.

His other interests include sailing. skiing
and the opera.
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Some of Our Achi'ev“eme'_nfs v

1. A new strategy for treatment of hyperten-
sion and for determining its causes.

2. Discovery that exercise is one of the best
non-drug methods for lowering blood
pressure and analysis of its nervous control.

3. Sympathetic nervous system abnor-
malties in patients with primary (essential)
hypertension and their possible role in caus-
ing high blood pressure.

4. Discovery of mechanisms in renal artery
stenosis (narrowing) that help maintain
kidney function and eventually lead to
hypertension.

5. Discovery of where in the central nervous
system anti-hypertensive drugs act to lower
blood pressure.

6. Role of the lining cells of coronary arteries
on their reactivity and how damage to these
cells leads to heart attacks.

7. Functions of specialised plasma and cell
proteins called lipoproteins in the transport
of cholesterol and how excessive amounts
of some of them predispose to heart attacks.

8. Discovery that women with high plasma
triglycerides are at special risk from heart
attacks.

9. Dietary methods for reducing risk from
heart attacks by diminishing production
in the body of less cholesterol rich lipo-
proteins and by methods that lower plasma
triglycerides.

10. Specific receptor mechanisms by which
special density lipoproteins help to remove
cholesterol from the cells.

11. Devices for use in operating theatre and
intensive care for preserving and improving
heart function during and after open heart
surgery.
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Scientific Report

Hypertension and Circulatory Regulation Unit
Human Hypertension Laboratory

Basic Cardiology Laboratory

Emily Stewart Renal Laboratory

Neurophysiology Laboratory

Circulatory Control and Neuropharmacology Laboratory
Biochemical Pharmacology Laboratory

Pharmacology Laboratory

Cardiovascular Metabolism & Nutrition Research Unit
Lipoprotein Metabolism & Nutrition Laboratory
Lipoprotein Biochemistry Laboratory

Lipoprotein Structure & Function Laboratory

Cholesterol Metabolism Laboratory

Cardiovascular Surgical Research Unit
Vascular Laboratory
Cardiac Surgical Research Laboratory

Cell Biology Group



Hypertension and Circulatory

Regulation Unit

Human Hypertension
Laboratory

Heads: Dr. M. Esler, Dr. G.L. Jennings

Projects

Measurement of regional sympathetic ner-
vous ‘“‘tone’ in essential hypertension.

Sympathetic nervous system function in
obesity-related hypertension.

Sympathetic nervous system in heart failure.

Abnormalities of the circulation in cirrhosis
of the liver.

Release of noradrenaline by the human
heart.

Flow-dependence of noradrenaline kinetics.
SEE ALSO CLINICAL RESEARCH UNIT REPORT

Summary

Methods for measuring the activity of the
sympathetic nervous system include
measurements of sympathetic nerve firing
rate by electrophysiological methods,
measurements of neurotransmitter release,
and simple measurements of blood
pressure before and after autonomic
blockade (Fig. 1). Each has its limitations.
With methods for estimating the “neuro-
genic component in hypertension”, based
on responses of blood pressure and other
haemodynamic variables to phar-
macological blockade of the nerves passing
to the heart and blood vessels, the
measured responses depend on more than
the level of sympathetic nerve firing. An ac-
centuated fall in blood pressure in essential
hypertension, occurs for example, due to
changes in the thickness of the blood vessel
wall of the small arteries, quite apart from
any increase in sympathetic nerve activity.
Electrophysiological methods have much to
offer, but one limitation is that the sym-
pathetic nerves to internat organs are not

accessible, so that nerve activity can only be
measured in sympathetic nerves to skin and
muscle.

Biochemical measures of sympathetic
transmitter release provide a more practical
approach to guantifying sympathetic nerve
activity in patients. Noradrenaline is the
transmitter at the nerve endings; it is stored
in vesicles and released in small packets
with each nerve impulse. With few excep-
tions, the rate at which sympathetic nerve
fibres discharge is proportional to the rate of
noradrenaline release from the nerve end-
ings. The simplest measure of neural activity
is to determine the plasma noradrenaline
concentration. But this is less reliable than
measurement of noradrenaline (NA) release
rate, which we have developed.

Measurement of the NA release or
“gspillover” rate has advantages over

Individual elements in the sympathetic nervous
control of the cardiovascular systermn, and their
clinical testing. (1) CNS Control Of BP: baroreflex
testing/psychometrics/mental stress responses.

(2) Sympathetic Nerve Traffic: electrophysiology

of peripheral sympathetic nerves. (3) Transmitter
Release: plasma noradrenaline concentration/
radiotracer measurement of noradrenaline spiliover
to plasma. (4) Transmitter Reuptake: clinical studies
of the noradrenaline pump. (5) Receptor-Effector
Response: adrenergic receptor binding of
noradrenaline/pressor responsiveness. (6) Overall
Maintenance Of ‘Adrenergic Cardiovascular Tone*
haemodynamic response to pharmacological
autonomic blockade.

NEURAL COMPONENTS IN CIRCULATORY
CONTROL . AND THEIR TESTING

T oCentrat S mpsthe e
Nervaus Nervers
System

b P e
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measurement of plasma concentration,
which is also affected by the clearance of
NA from the circulation. For infused radioac-
tively labelled noradrenaline (NA) then at
equilibrium:—

Total NA spillover rate = (3H) NA infu-

sion rate/specific radioactivity in plasma

NA, where (3H) NA is noradrenaline

labelled with tritium.

NA ‘“spillover” rate into plasma is far
smaller than the amount of transmitter
released at the sympathetic nerve endings.
But animal studies have shown a good cor-
relation between ‘“‘spillover” and ‘“‘true"
release rate.

Because the sympathetic nerves to the
various organs are non-uniform, so total
noradrenaline spillover measurements only
average the level of sympathetic nerve ac-
tivity. We have therefore developed
methods for measuring NA spillover in the
sympathetic nerves of individual organs.

This is given by:

Organ NA spillover
{(NAQ ] x PF, where C,

(Cyv-Cr) + C,
plasma NA con-

centration in the vein, C, = arterial plasma
NA concentration, NA; = fractional extrac-
tion of tritiated NA, PF = organ plasma flow.

We have determined which sympathetic
nerves are most active in essential

hypertension, in heart failure, and in cir-
rhosis of the liver.

Projects

The Regional Pattern of Sympathetic
Nervous System Activation in Essential
Hypertension.

M. Esler, G. Jennings, P. Leonard, J.
Johns* and F. Burke™”~

In some patients with essential
hypertension the total rate of spillover of
noradrenaline (NA} to plasma is increased.
We have measured the pattern of NA
spillover in different organs, in 33 untreated
patients with essentiai hypertension. Results
were compared with those from 21 subjects
with normal blood pressure.

The total rate of NA spillover in the
hypertensive patients (median value of 2218
pmol/min) was 35% higher than in subjects
with normal blood; P < 0.05. Increased NA
spillover was due to increased sympathetic
activity from the heart and kidneys. Median
Krenal NA spillover in hypertensive patients
was 628 pmol/min, compared with 349
pmoal/min in control subjects. Corresponding

* Cardiology Service
** Department of Radiology

Gavin Lambert and Dr. Murray Esler (right) conduct chemical measurement of tracer amounts of the sympathetic

nervous system chemical messenger, noradrenaline. tagged with a smalf amount of radioactivity (tritium.



36

cardiac NA spillover values were 68
pmol/min and 28 pmol/min (both P < 0.05).
The increased sympathetic nerve activity to
the kidney and the heart was particularly
striking in younger patients in whom levels
of the kidney hormone renin are also high
(Figure 2). The underlying mechanism is
probably not body salt depletion, since in-
creased sympathetic tone from sodium loss
seems to be confined to the renal sym-
pathetic nerves (not involving the nerves of
the heart). Obesity seems to be one possible
factor — renal sympathetic nerve activity is
increased in obesity-related hypertension
(see below).
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Plasma noradrenaline kinetics in essential
hypertension. Renal and cardiac noradrenaline
spillover to plasma was elevated in some patients.
presumplive evidence of increased sympathetic
nervous tone in the kidneys and heart. Renal
noradrenaline refease to plasma was related to 4
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Sympathetic Nervous Tone in Obesity-
Related Hypertension

M. Esler, G. Jennings, P. Leonard

High blood pressure is common in
obesity (excess fat).

Total NA spillover rates (arterial sampl-
ing) were similar in 22 lean and 11 obese
(weight/height2 > 2.7 g/cm?) hypertensive
patients, 208 + 85 ng/min/m2 (mean + SD)
and 237 + 151 ng/min/m2, somewhat
higher than in 21 healthy subjects with nor-
mal BP, 161 + 68 ng/min/m2 (P = 0.1).
However, renal sympathetic nervous tone
was selectively increased in the obese
hypertensives — renal NA spillover was 75
+ 44 ng/min/m2, compared with 47 + 19
ng/min/m2 in lean hypertensives and 36 +
12 ng/min/mZ2in healthy subjects. Age was a
second, independent determinant of in-
creased renal NA spillover (higher in pa-
tients < 45 yr).

This degree of increase in renal sym-
pathetic nerve activity could cause body salt
retention and elevate blood pressure.

Sympathetic Nervous Activity in Heart
Failure

G. Hasking, M. Esler, G. Jennings, D. Bur-
ton, J. Johns™, P. Korner

We have measured total and regional
NA spillover and ciearance in 12 patients
with congestive heart failure and in 16 sub-
jects without heart failure. Mean arterial
plasma NA concentration was higher in pa-
tients with heart failure (557 pg/ml) than in
control subjects (211 pg/ml) (P < 0.002).
Total NA spillover was increased by 84%,
which is considerably less than suggested
by the plasma concentration difference. This
was partly due to the reduction in clearance
in the patients with heart failure. The organs
with the greatest NA spillover rates in heart
failure were the heart and kidneys which
averaged respectively 540% and 206% of
corresponding values in control subjects.
However, there was no difference between
the groups in pulmonary NA spillover (Fig.
3).

The high sympathetic activity in cardiac

*Cardiology Service
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failure may not necessarily be beneficial. An
increase in renal symnathetic activity (1) pro-
motes salt and water retention, increased
vascular resistance to blood flow can in-
crease the work of the heart. Moreover, the
extraordinarily high level of cardiac sym-
pathetic activity may contribute to the high
incidence of heart rhythm disturbances in
these patients with heart failure.

Abnormalities of the Circulation in
Cirrhosis of the Liver

I Willett*, M. Esler, G. Jennings and F.
Dudiey

In patients with cirrhosis of the liver car-
diac output is markedly increased. In addi-
tion, the pressure in the vein from the in-
testine to the liver (portal vein) is often very
high, which can lead to torrential and
sometimes lethal bleeding from the upper
gastrointestinal tract.

Total NA spillover rate was significantly
higher in patients with cirrhosis than in
healthy people, with an average fourfold in-
crease. Cardiac NA spillover increased six-
fold and may have contributed to the eleva-
tion in cardiac output. In addition, there was
striking elevation of NA spillover rate from
the liver and gut. In this disorder there is
more pronounced enhancement of sym-
pathetic tone than in other disorders we
have studied.

*Gastroenteroiogy Service

Administration of clonidine is used to
lower sympathetic activity in patients with
essential hypertension. In patients with cir-
rhosis, after iv. administration, the drug
lowered NA spillover rate and reduced cor-
rected wedged hepatic vein pressure (a
measure of portal vein pressure) by 25%,
while maintaining blood flow to the liver nor-
mal. If the same effect is observed with
chronic oral administration, it may be poss-
ible to lower portal vein pressure and reduce
the risk of bleeding.

Release of Noradrenaline by the Human
Heart
M. Esler, G. Hasking, J. Johns*, P.
Leonard, |. Willett** and G. Jennings

In 7 control subjects, cardiac nor-
adrenaline spillover rate was 6 + 4 ng/min
(mean + SD). Cardiac NA spillover was
elevated (12 + 5ng/min, P < 0.05) in 8 pa-
tients with essential hypertension. Cardiac
NA spillover rate was normal in 6 patients
with coronary artery disease (8 + 4 ng/min)
while pain-free at rest, but rose with angina
during atrial pacing to 18 + 9 ng/min. Such
an increase in cardiac sympathetic tone
could lead to the development of abnormal
heart rhythms when cardiac blood supply is
inadequate.

* Cardiology Service
* “Gastroenterology Service
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Basic Cardiology
Laboratory

Head: Dr. Archer Broughton

Projects

The Proton-Sensitive Microelectrode

Computer-averaged surface electrocar-
diogram

Assessment of cardiac contractile perfor-
mance

Summary

Our work is directed to increasing our
understanding of the electrical and
mechanical derangements within abnormal
heart muscle. We are studying the changes
in electrical stability and in mechanicat per-
formance within heart muscle once cor-
onary blood flow has become inadequate in
advanced hypertension or coronary disease.
This has been the first year of operation of
the new laboratory and we have established

Mark Ross-Smith preparing sensitive microelectrodes

a number of new techniques which will allow
us to solve a number of important problems
related to disturbances of cardiac rhythm
and pumping capacity.

Projects

The Proton-sensitive microelectrode
A. Broughton, M. Ross-Smith

We wish to determine the effect of in-
tracellular ionic abnormalities which develop
in patients with ischaemic heart disease on
the actions of drugs which are used clinical-
ly to stabilize the heart’s rhythm. Critical
reduction in coronary blood flow leads to a
marked accumulation of hydrogen and
other ions within the cardiac cell. These
ionic disturbances are responsible for many
lethal arrhythmias in the setting of acute
myocardial infarction. Potentially life-saving
antiarrhythmic drugs are believed to act
from the inside aspect of the cardiac cell
surface membrane where they are influenc-
ed by changes in ionic environment. We still
know little about the consequences of such
changes for drug action. Advances in this
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field will bring clinical benefits by stimulating
the development of drugs which approach
their best performance under the abnormali
ionic conditions of myocardial infarction. To
characterise the effects of hydrogen ion ac-
cumulation we have constructed a speciai
glass microelectrode to record intracellular
pH. The electrode is based on the neutral
ion carrier dodecylamine, which is highly
selective for hydrogen ions. Despite the
very high electrode resistance (100,000
megohms) we have obtained stable recor-
dings of intraceliular hydrogen ion activity
30-60 seconds after introduction of the elec-
trode into a single living cardiac cell isolated
under highly controlled conditions. It has
been known for several years that ex-
tracellular acidosis appears to potentiate the
actions of antiarrhythmic drugs. We now
hope to clarify the effects of the more rele-
vant intracellular accumulation of hydrogen
ions.

Computer-averaged surface
electrocardiograph

A. Broughton, J. Cassell, M. Ross-Smith

Up to 15-20% of patients surviving a
heart attack subsequently die in the next
year, many of them suddenly. One impor-
tant challenge has been to identify the
subset of patients prone to ventricular ar-
rhythmias before their discharge from
hospital and to improve their outlook by ap-
propriate treatment. But the logistics of
screening all patients with acute myocardial
infarction for electrical instability are daun-
ting. Several investigators have advocated
the use of the signal-averaged surface ECG
to detect small deflections in the ST seg-
ment in patients at risk. Averaging of several
hundred heart beats is necessary to improve
the signal to noise ratio of the recording. The
microvolt-sized “late potentials” represent
delayed activation of portion of the scarred
ventricular heart muscle, which is respons-
ible for the rhythm disturbances.

This approach has not been much used
clinically because of the many hours of com-
puter time that are necessary to precisely
synchronise all QRS complexes from each

patient prior to averaging. By the combina-
tion of Fortran and machine language pro-
gramming, we have reduced this time to
about 20 minutes, so that “least squares”
alignment of 250 beats can be accomplish-
ed. Our present technology features 12-bit
resolution and a sampling rate of 600 Hz.

We plan to screen patients with myocardial
infarction for late potentials and to compare
the results of signal averaging with other
more invasive assessments requiring car-
diac catheterization. Because delayed
potentials have only been detected in
25-50% of patients with ventricular electrical
instability we will signal average the ECG
obtained during atrial pacing. Delayed
potentials can then be sought at a variety of
paced heart rates above the spontanecus
rate. Since conduction velocity through
diseased myocardium is liable to be further
depressed at high rates, there is a good
chance that late potentials will be accen-
tuated by atrial pacing, or even develop for
the first time. This can be done by inserting
a special pacing catheter into the
oesophagus (gullet), which will allow control
of the atriai rate without the use of in-
travascular catheters.

Two-dimensional (2-D)
echocardiographic assessment of
cardiac function in the experimental
laboratory

J. Smolich, G. Hasking, A. Broughton

Previously our assessment of cardiac
mechanical performance has been based
on measuring the rate of pressure develop-
ment within the ventricular cavity and from
the ventricular pumping capacity under
carefully controlled loading conditions.
These approaches have provided informa-
tion about the overall capability of the ventri-
cle, but they leave open the question of the
integrity or otherwise of the individual con-
tractile subunits within the chamber wall.
Knowledge about the latter is important
because functional deterioration of each
subunit can be compensated for by adapta-
tions, which reduce the loading stress. In the
hypertensive heart this occurs owing to an
increase in total muscle mass and also by a
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Figure 1

reduction in the size of the chamber cavity.
The 2-D echocardiograph has proven an
ideal instrument for obtaining information
about muscle thickness and cavity dimen-
sions in anaesthetised dogs studied under
open-chest conditions. The cross-sectional
cuts shown in Figure 1 demonstrate the
marked changes in left ventricular cavity
size and wall thickness which occur when
cardiac fitling pressure is reduced. Know-
ledge of these changes in ventricular
dimensions obtained with the echocardio-
graph during reduction in filling pressure
have shown that ventricular performance is
preserved through the dimensional adjust-
ments, even though contractile perfor-
mance of individual muscle units is
reduced. For example, reduction in filling
pressure from 30 to 6 mmHg was
associated with a 30% decrease in the
maximal rate of cavity pressure develop-
ment. From the echacardiographic measure-
ments the changes in cavity pressure were

converted to changes in force (stress)
within the cardiac muscular wall. The rate of
wall stress development decreased by 50%
i.e. much more than cavity pressure
development. We are currently examining
the interrelationship between the patterns
of regional coronary perfusion and ventri-
cular and myocardial performance in the
hypertensive heart.

Emily Stewart
Renal Laboratory

Head: Dr. W.P. Anderson

Projects
Mechanisms causing hypertension during
stenosis of one renal artesy

Glomerular morphological changes in renal
artery stenosis

Atrial natriuretic factor

Sympathetic nervous system in renal
hypertension

Renal ultrastructure in renal wrap hyperten-
sion

Morphological analysis of renin release by
the macula densa

Role of arterial and cardiac baroreceptors in
vasopressin secretion during haemorrhage.

Summary

We have shown previously that narrow-
ing of the renal artery (stenosis) when there
is only one kidney needs to be extreme
before hypentension develops. This is
because of the local intrarena! action of the
hormone angiotension il which has the ef-
fect of reducing the resistance to blood flow
of the stenosis. With extreme narrowing the
local renal effects of the hormone cannot
adequately maintain renal function and
hypertension develops, as a compensatory
rmechanism. This year we have studied the
mechanisms of so-called ‘‘two-kidney”
hypertension where the artery to one Kidney
is narrowed but the other kidney is com-
pletely normal. This resembles human renal
hypertension. Experiments were performed
in chronically instrumented unanaesthetized
dogs and have shown that renin release
from the stenatic kidney was responsible for
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most of the circulatory changes in the
“good’’ kidney and for the constriction of the
blood vessels in many other organs. Again
the stenosis of the “bad’ kidney has to be
very tight before hypertension develops.
The constriction of the blood vessels of the
“good’ kidney appears to be critical for the
development of high blood pressure.

We also examined the ultrastructural
changes in glomerulus during several
manoeuvres designed to alter angiotensin i
concentration. This hormone has previously
been thought to act predominantly on the
renal blood vessels rather than on the
glomerulus, or kidney filter (the first step in
the production of urine). Our preliminary
findings suggest that angiotensin |l alters
glomerular structure in a manner likely to in-
fluence both the circulatory and the filtering
function of the kidney.

We also examined an hypothesis that
has recently become popular, that an in-
crease in plasma circulating adrenaline con-
centration boosts the activity of sympathetic
nerves and thereby leads to chronic

hypertension. This did not occur with pro-
longed infusions of adrenaline in trained
dogs, but we did see a modest rise in blood
pressure if cortisone was administered at
the same time. Since both ACTH and
adrenaline concentrations can rise markedly
in various types of stress, we tested whether
such potentiation occurred. Infusions of
ACTH produced marked hypertension
which were accompanied by dramatic
changes in renal function, but even quite
high levels of adrenaline did not affect the
magnitude of the elevation of blood
pressure.

Vasopressin is another hormone, nor-
mally important in the reabsorption of water
by the kidney, but also capable of constric-
ting blood vessels. It is released from the
hypothalamus and posterior part of the
pituitary gland. We examined the role of the
arterial and cardiac baroreceptors on its
secretion during haemorrhage. Interesting-
ly, with this disturbance the receptors from
the heart provided almost the entire “drive”
to release of this hormone, with almost no
involvement of the arterial baroreceptors.

Angotension Il is responsible for construction of the normal kidney.
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Projects

Hypertension in renal artery stenosis
of only one kidney (‘‘two-kidney”’
hypertension)

W.P. Anderson, R.L. Woods, R.L. Kiine, J.T.
Thompson, and D.E. Ramsey

Stenosis of one renal artery may cause
hypertension despite the presence of a
“normal” contralateral kidney. This sug-
gests that the stenotic kidney is affecting the
function of the normal kidney. We have
shown that the link is through the renin-
angiotensin system, which is responsible for
the initial circulatory responses of the nor-
mal kidney (see Figure). In chronically in-
strumented dogs graded stenosis of one
renal artery produced an immediate in-
crease in blood pressure and vasoconstric-
tion of the contralateral normal kidney. Both
effects were proportional to the severity of
stenosis and no longer occurred if the dogs
were pretreated with converting enzyme in-
hibitor. Hence, renin released from the
stenotic kidney produces angiotensin |l
which constricts the blood vessels of the
normal kidney (see Figure1) and of other
organs. The afferent nerves from the kidney
were without effect on these responses,
which  were unaffected by ganglionic
blockade of the autonomic nervous system
(pentolinium). After stopping angiotensin i
formation renal artery stenosis was no
longer associated with any other systemic
cardiovascular changes suggesting that
hormones such as kinins, prostaglandins,
and medullary lipids) were probably not
released from the kidney even under condi-
tions of very severe renal artery stenosis.
We do not yet know whether this would also
apply to chronic experiments, over periods
of days or weeks.

The rise in blood pressure following
unilateral renal artery stenosis was entirely
due to increased total peripheral resistance
with no changes in cardiac output. Almost
half of the rise in resistance was due to an
increase in resistance of both kidneys, in-
cluding the kidney subjected to experimen-
tal narrowing of the renal artery and the
vessels of the opposite kidney, where the
constriction was mediated through blood-
borne angiotensin |,

Effects of ACTH and adrenaline on
blood pressure

W.P. Anderson and D.E. Ramsey

We studied whether adrenaline and
ACTH potentiate each other’s actions in in-
creasing blood pressure. With ACTH infu-
sion mean arterial pressure increased
reproducibly by about 15 mmHg, whereas
adrenaline infusions had no effect. When in-
fused together, the rise in blood pressure
produced by the two hormones was no
greater than with ACTH alone.

Changes in the renal macula densa
during urinary sodium loss

W.P. Anderson, D. Alcorn, G.B. Ryan and
D.E. Ramsey

The macula densa is thought to sense
the composition of distal tubular fluid and
then send a signal to the anterioles, possibly
through the release of renin. We have ex-
amined changes in its structure during ex-
perimentally induced alterations in renal

i
1]

Ms. K.M. Denton, Dr. W. Anderson
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sodium excretion. Normally, large baso-
lateral spaces exist between the cells of the
macula densa. But, we found few or no
spaces between the macula densa cells
after administration of diuretic drugs to pro-
mote salt excretion. This apparent closure of
the spaces occurred with the osmotic
diuretic mannitol as well as with frusemide
and ethacrynic acid. The closure of the
spaces suggests alterations in fluid fluxes
across the macula densa in response to
electrolyte changes in distal tubular fluid.
Plasma renin levels did not correlate well
with closure of the spaces, casting some
doubt whether these effects were due to
renin. These levels may not be reliable
guides to local juxtaglomerular renin con-
centration.

Renal nerves in renal hypertension
R.L. Kline and K.M. Denton

Nerve signals travelling both 1o and from
the kidney have been implicated as impor-
tant factors contributing to the development
of some types of renal hypertension. Ef-
ferent sympathetic renal nerves regulate
renal blood flow, renin release and possibly
sodium transport. Afferent nerves from the
Kidney can respond to chemical and
physical changes and reflexly influence
arterial pressure through the central ner-
vous system.

We have studied the role of these nerves
in the development of hypertension due to
cellophane wrapping of the kidneys. We
studied the effects of renal wrapping in in-
tact rabbits and in another group with both
kidneys denervated. Four weeks after wrap-
ping, there was similar rise in blood
pressure in both groups. Effectiveness of
renal denervation was assessed from the
targe decrease in renal noradrenaline con-
tent which was less than 5% of control.
Renal nerves are not apparently involved in
this form of hypertension.

Role of arterial and cardiac baroreceptors
in vasopressin secretion during
haemorrhage

AW. Quail, R.L. Woods, AM. Macpherson
J. Kreibich, C.J. Duch

The neural regulation of vasopressin
(AVP) release was investigated by construc-

ting blood volume-hormone response
curves during graded haemorrhage. We
assessed the role of each baroreceptor in-
put on the evoked hormone response and
whether the response o one was assessed
by the presence or otherwise of the other in-
put.

Conscious rabbits were bled at 2% of
blood volume per minute. Blood samples for
AVP measurement were taken before
haemorrhage and at 15, 20, 25, 30 and 35%
blood volume loss.

" PLASMA AVP (pg.ml+)
350 BLOOD

PREPARATION n CONTROL VOLUME LOSS
AC 12 32
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+
C 6 31+ 086 291 + 83"
A 6 41 + 06 63 + 17
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Vérlru'es are meéﬁ + §E.
*Level of sigrificance P < 0.05

The threshold for release of AVP in rab-
bits with all baroreceptors intact (AC) occur-
red between 25 and 30% blood volume loss
and was followed by a dramatic rise in
plasma AVP with more pronounced blood
volume loss (Tabie). When the cardiac
receptors were intact but the arterial
baroreceptors removed by sino-aortic
denervation (HC), the rise in AVP concentra-
tion was closely similar to that observed in
intact rabbits (AC). By contrast, in rabbits
with cardiac receptors blocked with in-
trapericardial procaine but with arterial
baroreceptors either intact (A) or removed
(O) in AVP concentrations did not increase.

We conclude that the drive for increased
AVP secretion in haemorrhages comes from
the cardiac baroreceptors alone. From the
blood volume-mean arterial pressure rela-
tionships studied under the various condi-
tions of afferent drive, the increase in AVP
occurred only after “failure” of the
sympathetic neural response during
haemorrhage (see Circulatory Control and
Neuropharmacology Laboratory).
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Neurophysiology
Laboratory

Head: Dr. E.M. McLachlan

Projects

Functional neuroanatomy of lumbar sym-
pathetic neurons.

Evaluation of techniques for retrograde
labelling in the peripheral nervous system.

Electrophysiological characterization of
vasomotor neurons.

Computer modelling of sympathetic
neurons.

Development of vasomotor ganglion cells in
the lumbar sympathetic chain.

Functional innervation of arterioles.

The distribution of descending peptide con-
taining pathways to sympathetic neurons in
the spinal cord.

Evaluation of retrograde transsynaptic
tracers to identify sympathetic preganglionic
neurons of known function.

Summary

Our work aims to understand the basic
cellular mechanisms by which the activity of
nerve cells (neurons) of the sympathetic ner-
vous system modify the contraction of the
heart and the degree of constriction of the
small peripheral blood vessels.

The sympathetic pathways that carry
outgoing (efferent) signals from the central
nervous system (CNS) arise from nerve cell
bodies in the thoracic and lumbar segments
of the spinal cord. The nerve fibres travel in
penpheral nerve trunks and their endings
make connections (synapses) with other
neurons that lie in the sympathetic ganglia.
The spinal nerve cells are called
preganglionic neurons, whilst the axons of
the ganglionic cells project to the organs,
where they end around smooth muscle (e.g.
in the walls of arteries) or near gland cells.
These ganglion cells are called post-
ganglionic neurons. The sympathetic nerves
regulate many other body functions apart
from the cardiovascular system. One of our
current aims is to find out how to identify

cardiovascular neurons from those that act
on the lungs, intestine or bladder.

Sensory (afferent) pathways carry
signals to the CNS about the state of the
organs in which their endings lie. Little is
known of the function of the sensory end-
ings near blood vessels, although they are
widely believed to be responsible for sensa-
tions of cardiac and vascular pain. This is
because they can be shown to discharge
when the tissue around them lacks oxygen,
or if there is accumulation of the products
of metabolism. Reflexes arising from stimu-
lation of these endings may produce nerve-
mediated vasoconstriction without neces-
sarily involving the conscious sensation of
pain. We are trying to define the distribution
of these sensory endings and their path-
ways, before examining their function.

We are trying to distinguish vascular
from non-vascular sympathetic neurons by
anatomical and electrophysiological
methods. The first project involves identify-
ing the distribution of nerve cells with end-
ings primarily on blood vessels and to com-
pare this with the distribution of nerve cells
with endings involved with motility or secre-
tion in the viscera. These studies have been
carried out in collaboration with Dr. W.
Janig, from the University of Kiel, West Ger-
many. We have used the small protein en-
zyme, horseradish peroxidase (HRP) to
label the nerve fibres that travel
predominantly to the vessels of skeletal
muscle or skin and have compared the
distribution of these neurons with those ob-
tained after HRP labelling of the sym-
pathetic nerves to the pelvic organs.
Another anatomical technigue involves the
application of immunochemical methods to
demonstrate the presence of peptides in-
side neurons. A newly discovered peptide,
Neuropeptide Y, is present in nerve endings
on blood vessels in most parts of the body,
and also in CNS nerve pathways involved
with cardiovascular regulation. Immuno-
cytochemical demonstration of this peptide,
I conjunction with the neurotransmitter
noradrenaline (NA), is thought to be
characteristic of vascular neurons. This
technique is being developed in association
with Dr. 1. Llewellyn-Smith, Department of
Human Morphology, Flinders Medical Cen-
tre. Adelaide.
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We have recorded the transmembrane
potential in single neurons, by inserting fine
glass capillary micropipettes (less than 0.1
um in diameter) into their cell bodies. The
neurons are stimulated by passing electric
current through the recording microelec-
trode, and recording the resulting nerve
impulses (action potentials). In addition, the
ionic currents that flow across the mem-
brane can be recorded while holding
(clamping) the membrane potential at a par-
ticular voltage level. Currents are measured
under controlled conditions in vitro during
changes in the concentration of ions and
drugs in the solution bathing the neurons.
This powerful technique (using a single
microelectrode to both pass current and
record potential) has enabled us to identify
different distributions of ion channels in
vascular and non-vascular sympathetic
ganglion cells. Three channels specific for
potassium ions account for the
characteristically different discharge pat-
terns of vascular and visceral neurons (see
below).

We are also studying the responses of
the neurons to neurotransmitters released
from presynaptic nerve endings. These
substances interact with receptors in the
neuron’s membrane and briefly open synap-
tic channels through which cations move.
The synaptic currents that are recorded tell
us about the molecular properties of these
channels, and the effects of different drugs.
We have found that vascular pathways
always have one ‘‘strong” or powerful
preganglionic to postganglionic connection.

In other experiments we are in-
vestigating the changes in the peripheral
sympathetic pathways that occur in the
course of development. These experiments
have been conducted in collaboration with
Dr. G.D.S. Hirst of the Department of Phar-
macology, John Curtin School of Medical
Research, A.N.U., Canberra. To date we
have correlated particular features, such as
the outgrowth of the dendrites of sym-
pathetic ganglion cells, or the presence of
specific ion channels in their membranes,
with the development of specific functions in
these neurons. This helps our understand-
ing of their role in the aduit animal. For ex-
ample, calcium channels are opened and

carry some of the current during the action
potential in sympathetic ganglion cells. At
newly-established synapses in vascular
neurons, these calcium channels appear to
be associated both structually and func-
tionally with the “strong’ synaptic connec-
tion on only one dendrite.

Projects

Functional neuroanatomy of lumbar
sympathetic neurones.

E. McLachlan, T. Sittiracha, W. Janig,
R. Baron

The neurons involved in sympathetic
and sensory outflow to the colon and pelvic
organs have been compared with cor-
responding nerves involved with hindlimb
vasoconstriction. In the cat most sym-
pathetic neurons in the caudal lumbar
paravertebral chain project to the skeletal
muscie and skin vasculature of the
hindlimb, and this has now been confirmed
in guinea pigs. In addition, we have applied
HRP to the caudal sympathetic trunk just
proximal to these ganglia in order to identify
a discrete population of vascular pre-
ganglionic neurons. The arrangement of
these cell bedies has been found to differ
from that of neurons labelled from the lum-
bar splanchnic nerves in the same animal.
The vascular popuiation lies rostral and
lateral to the neurons that project to the
viscera, with a small region of overlap at the
lateral border of the grey matter. The latter
may correspond to the vascular component
of the innervation of the visceral organs.

There are some differences in the
anatomical organisation between rats and
rabbits; for example, in the tail which is a
major thermoregulatory organ in the rat but
not in the rabbit. We plan to exploit these dif-
ferences to find out whether vascular
neurons can be subdivided according to the
role of the sympathetic innervation in dif-
ferent organs.

Evaluation of techniques of retrograde
labelling in the peripheral nervous
system.

T. Sittiracha
The HRP method can provide reas-

onable quantitative estimates of the com-
ponents of peripheral nerve trunks, in that



46

the highest numbers of labelled cells are
close to the number of axons counted from
electronmicrographs. However, in some ex-
periments, we label lower numbers. This ap-
pears to be related to poor uptake of HRP by
fine diameter axons. We have now
systematically tested several detergent and
penetrant substances to improve uptake of
HRP but so far with little success.

Electrophysiological characterization of
vascular and non-vascular neurons.
E. McLachlan, J. Cassell

We are using intracellular recording
techniques to study the properties of the cell
membranes of vascular and non-vascular
sympathetic ganglion cells. Lumbar sym-
pathetic ganglia (containing vascular
neurons) and inferior mesenteric ganglia
(containing mostly non-vascular neurons)
are isolated in vitro from guinea pigs or rats.

The most remarkable finding has been
that vascular and non-vascular neurons
show quite different patterns of discharge
when action potentials are initiated in them
by passage of current. Almost all neurons
(97%0) in the lumbar sympathetic chain fire
action potentials in a high-frequency burst
which then ceases, while action potentials in
non-vascular neurons i the inferior
mesenteric ganglion fire slowly and
rhythmically for as long as they are
stimulated. These neurons have been
classitied as “‘phasic” and “‘tonic” respec-
tively. The distribution of neurons with these
firing patterns reported by others in several
different sympathetic ganglia is consistent
with our interpretation that phasic neurons
have vascular functions. This is the first
functional difference ever described be-
tween vascular and non-vascular neurons.

Analysis of the currents recorded in
voltage clamp has shown that there are
three potassium channels which become
active during depolarization. These are pre-
sent to different extents in the two types of
neuron and we are studying their contribu-
tion to the differences in discharge pattern.

Computer modelling of sympathetic
neurons.

J. Cassell, E. McLachlan
In order to interpret the electrical events

recorded with a microelectrode in the cell
body of a neuron, it is necessary to describe
the electrical behaviour of the neuron
precisely. This is complicated by the fact
that the cell is composed of heterogenous
elements. For example, in addition to its ax-
on it bears a number of dendrites on which
lie many of the synaptic contacts made with
other cells. It is possible to compute the
electrical responses of a model circuit that
resembles the nerve cell, if the electrical and
structural properties of the components are
known.

A computer program that simulates the
responses of a nerve cell body with an at-
tached dendritic tree has been devised by
Mr. J. Clements and Dr. S.J. Redman of the
Experimental Neurology Unit, John Curtin
School of Medicai Research, AN.U. We
have used their approach to simulate the
synaptic responses of vascular and non-
vascular neurons. The results obtained are
not consistent with any differences in the
channels activated by the neuro-transmitter
substance in sympathetic ganglia. But the
differences in synaptic currents can be ex-
plained by the electrical properties of the
nerve cell membrane, and differences in
location of the synaptic contacts on the
nerve cell.

Development of vasomotor ganglion cells
D. Hirst, E. McLachlan, B. Griersmith

We have studied the structure and func-
tion in the lumbar sympathetic chain of the
rat during the first three weeks after birth.
The distribution of calcium ion channels
changes as the dendrites grow out from the
cell body with the channels appearing on
one dendrite and moving distally as the den-
drite grows. The association of the most
powerful of several synaptic inputs with
these channels ensures transmission in one
of the pathways to peripheral blood vessels.

Another finding has come from analysis
of the electrical responses of the neurons
after the addition of barium ions (which
block some potassium c¢hannels). Dr. S.J.
Redman of the A.N.U. has tested a range of
theoretical solutions to explain our ex-
perimental findings. The modification of nor-
mal electrical properties can be mimicked
in a model neuron only if it is assumed that
resting membrane conductance to
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potassium is not uniform. Preliminary ex-
periments suggest that this unprecedented
observation alsoc applies in guinea pig sym-
pathetic neurons, and may be a widespread
property of nerve cells.

Functional innervation of arterioles
S. Luff, D. Hirst, E. McLachian

A current scientific controversy concerns
the type of receptor activated by
noradrenaline (NA) when it is released from
sympathetic nerve terminals around small
blood vessels. Recent electrophysiological
experiments have failed to demonstrate an
effect of alpha-adrenoceptor antagonists on
the potentials evoked in small arteries by
stimulation of the sympathetic nerve. David
Hirst has shown that very localized applica-
tion of NA activates alpha-receptors without
change in membrane potential. However
when NA is applied close to the sites of
some nerve terminals, the response
mimicks the potentials evoked by nerve
stimulation, but is again not blocked by
alpha-blocking drugs. He has proposed the

existence of a new type of receptor called
the gamma-receptor.

We are investigating whether the above
sites correspond to structurally-specialized
regions like other nerve-muscle junctions or
synapses between neurons. We are now
studying the regions of contact between
sympathetic nerve terminals and smooth
muscle cells of arterioles with the electron-
microscope.

The distribution of descending
peptide-containing pathways to
sympathetic neurons in the spinal cord
B.Oldfield

The projection of NA fibres to spinal
sympathetic neurons are distributed hetero-
geneously. Some groups of sympathetic
neurons receive a dense NA innervation
and others are hardly innervated at all.
These “‘gaps’” in NA innervation may be fill-
ed by other types of fibre, such as peptide-
containing fibres.

immunological techniques were used to
map the distribution of neurophysin (a

!

Dr. E. MclLachian (left), Sue Lut! discussing structure of nerve’muscle junction in a guinea piq arterial preparation.
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precursor/carrier molecule for oxytocin and
vasopressin) and Substance P-containing
fibres arising, respectively, from cells in the
paraventricular nucleus of the hypo-
thalamus and the ventrolateral medulla,
which may participate in cardiovascular
regulation. Antisera to neurophysin (NP) and
Substance P (SP) were applied to sections
of the spinal cord. Thereafter bound an-
tibodies could be localised utilising the ex-
tremely strong affinity of the B vitamin biotin
for avidin, a glycoprotein-derived from egg
white. In this technique both residues are
carried to the site of the bound antisera by a
second antibody. An avidin-biotin-
peroxidase complex is produced which
reacts to form a light or electron dense
precipitate.

Peptide-containing fibres of both types
were found throughout the thoracolumbar
regions of the spinal cord; however, they are
clearly aggregated at specific spinal levels
and are preferentially directed to specific
sympathetic subgroups. The upper thoracic
segments are poorly innervated by NA fibres
but are rich in nerves containing Substance
P. Conversely NP fibres are sparse in the
upper thoracic cord but go preferentially to
the lower thoracic segments. The close
association of SP fibres with sympathetic
neurons largely concerned with the innerva-
tion of the heart and vasculature is in accord
with the recently reported increase in blood
pressure resulting from localised spinal ap-
piication of this substance. These data and
the origin of SP fibres in a powerful
vasopressor region of the medulla suggest
that a SP-containing pathway may con-
tribute to the sympathetic outflow to the
heart.

Circulatory Control
and
Neuropharmacology
Laboratory

Head: Professor P.l. Korner

Projects

Renal sympathetic baroreflex — effects of

resetting and anaesthesia. Quantification of
constrictor responses to haemorrhage.

Afferent mechanisms concerned in vaso-
pressin release in haemorrhage.

Properties of renal sympathetic nerve units
in the rabbit.

Circulatory function of noradrenergic ponto-
medullary cell groups.

Role of different central noradrenergic cell
groups in circulatory actions of alpha-
methyl-dopa and clonidine.

Summary

QOur aim is to work out how the central
nervous system regulates the circulation in
intact animals and to identify “faults” in
regulation in hypertension. The first step in
the analysis usually requires definition of the
different sensory receptors activated by the
disturbance, particularly those which sense
changes in arterial and intracardiac blood
pressures. Information from the different
sensory receptors, reaches the central ner-
vous system (CNS) where they project to dif-
ferent “‘centres” in the brain. Changes in
the activity of the latter leads in turn, to
changes in the activity of the vagus and
sympathetic nerves to the heart and in the
sympathetic nerves to the different organs
and to the adrenal medulla.

Using a new technique for directly recor-
ding sympathetic activity in conscious rab-
bits, we have completed an investigation of
the role of the pressure-sensitive receptors
(baroreceptors) from the heart and arteries
on renal sympathetic nerve activity. Both
sets of baroreceptors contribute significantly
to the changes in renal sympathetic nerve
discharge.

We have developed a method in con-
scious rabbits of continuously recording
blood pressure and blood flow changes in
the arteries supplying the kidney, gastro-
intestinal tract and hindlimb during haemor-
rhage. This provides an indirect means of
assessing the role of the various autonomic
outflows in this disturbance. We are par-
ticularly interested in whether cate-
cholaminergic (CA) neurons in the brain are
normally part of the CNS network of nerve
cells that participates in the autonomic
responses to haemorrhage. Much of our re-
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cent effort has been to characterize the car-
diovascular functions of individual groups of
CA neurons and to see which ones are in-
volved in the central actions of alpha-
methyldopa and clonidine — two commonly
used anti-hypertensive drugs.

Projects ,
Quantification of constrictor responses to
haemorrhage in the rabbit.

P.l. Korner, J.R. Oliver, J. Gipps and F. Han-
nemann.

Blood is withdrawn at a constant rate
through a previously implanted catheter,
whilst continuously measuring mean arterial
pressure (MAP), heart rate and blood flows
(pulsed Doppler method) in the renal and
superior mesenteric arteries and in the lower
aorta (= hindguarter). The conductances of
the regional beds (flow/ pressure) are com-
puted continuously as an index of changes
in vessel calibre; a rise in conductance in-
dicates dilatation and a fall indicates con-
striction.

An on-ine computer programme pro-
cesses the pressure and flow signals and
samples their average values every third of
a minute. During haemorrhage some of the
blood withdrawn is immediately replaced by
an “autotransfusion” from the animal’s own
tissues. which can be assessed by measur-
ing the haemotocrit ratio. The computer pro-
gramme subsequently calculates the true
blood volume remaining in the circulation
throughout the experiment. This is related to
changes in (1) MAP; (2) heart rate; (3) blood
flows in kidney, gut and limb and to (4) cor-
responding vascular conductances.

The role of the autonomic nervous
system is assessed from comparisons of the
responses of normal rabbits with those ob-
tained after pharmacological blockade of
autonomic function. After the latter blockade
the circulatory response is determined by
local factors, such as tissue oxygenation,
and by circulating hormones. After
autonomic blockade MAP falls linearly with
reduction in blood volume; there is little
change in heart rate; regional conductances
are increased indicative of local dilatation of
blood vessels.

When autonomic function is normal,
blood pressure is well maintained until blood
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Circulatory responses in a normal rabbit (left) and
after total autonmic block (right).

volume has been reduced by 15-20%.
Thereafter, it faill precipitously, indicating a
limit of effective regulation by the autonomic
nervous system (Fig. 1). Reduction in blood
volume is associated with a linear increase
in heart rate and falls in regional conduc-
tance, indicating vasoconstriction. Other
studies performed by Dr. Tony Quail and Dr.
Robyn Woods have shown that major in-
creases in the pressor hormone vasopressin
only occur beyond the limit of compensation
through the sympathetic nervous system.

Role of arterial and cardiac baroreceptors
in vasopressin secretion during
haemorrhage

AW. Quail, R.L. Woods, A.M. Macpherson,
J. Kreibich, C.J. Duch

(See Emily E.E. Stewart Renal Laboratory)

Renal sympathetic baroreflex properties
and effects of resetting and anaesthesia.
P.K. Dorward, W. Riedel*, S. Burke, J.
Gipps, P.I. Korner

Curves relating renal sympathetic nerve
activity (RSNA) and mean arterial pressure

*W.G. Kerckhof Institute, Bad Nauheim, West Ger-
many.
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Dr. Patricia Dorward

(MAP) were derived in conscious rabbits
during ramp changes in MAP and other
intravascular pressures, elicited by
perivascular balloon inflation. The RSNA-
MAP relationship consisted of a high gain
sigmoidal region about resting, where
RSNA rose or fell in response to moderate
falls and rises of MAP. With larger pressure
rises RSNA first fell to a lower plateau and
then reversed at even higher MAP. When
MAP was lowered below resting, RSNA rose
to an upper plateau and then reversed
abruptly towards resting at fow MAP. Both
arterial and cardiac baroreceptors exerted
substantial inhibitory influences on RSNA at
all pressure levels. These effects appeared
additive over the central high gain region of
the curve, but beyond this region there were
non-additive interactions. The latter were
affected considerably by alfathesin
anaesthesia. In other experiments, we
studied the effects of sustained alterations in
resting MAP produced by infusing nitro-
prusside and phenylephrine. These produc-
ed rapid resetting of the renal baroreflex

which could be partly accounted for by
resetting of the threshold of the arterial
baroreceptors and partly by contributions
from other afferents, probably the cardiac
receptors. During nitroprusside-induced
hypotensive resetting, high gain reflex ad-
justments in RSNA to moderate changes in
MAP were preserved. But during
phenylephrine-induced hypertensive reset-
ting, resting RSNA lay on the lower curve
plateau so that the apparent gain of the
reflex RSNA response to moderate changes
in MAP was considerably reduced.

Circulatory function of different groups of
central noradrenergic (NA) nuclei.
P.l. Komer, E. Badoer, G.A. Head and J.
Aberdeen

In these experiments we have studied
the circulatory function of the A;, A,, (A, +
Ag), A5 and (AG + Ag) NA nuclei in the
medulia and pons of the rabbit. We used the

Dr. Geolf Head using rat sterotectic procedures for
studying the brain stem vasomotor areas, in
particular C1 adrenaline.




51

circulatory changes elicited by intracisternal
(ic) administration of 6-OHDA as the
reference response and determined to what
extent this was altered by bilateral elec-
trolytic lesions in each of the above nuclei.
We have previously found that the effects on
blood pressure and heart rate that occur in
the first few hours after 6-OHDA are due to
central release of catecholamines. From the
responses of intact rabbits, pontine animals
and sino-aortically denervated (SAD) rabbits
we found that release of catecholamines ac-
tivated (1) a short latency bulbo-spinal
depressor pathway;, (2) a long latency
suprapontine pressor pathway; (3) and (4)
short latency bulbo-spinal pathways which
slowed heart rate, respectively, by increas-
ing vagal tone and by inhibiting cardiac sym-
pathetic nerve activity; (5) a long latency
bulbospinal vagal pathway that produced
reflex slowing of the heart; (6) a long latency
suprapontine pathway that increases heart
rate through the cardiac sympathetic
nerves.

Information about all these pathways
can be obtained from the responses of intact
and SAD rabbits. Intact rabbits provide infor-
mation about pathways (2), (3} and (5) listed
above, whilst SAD rabbits provide informa-
tion about pathways (1), (4) and (6). Two
subgroups of lesioned animals were
studied, one with intact arterial barorecep-
tors and one subjected to SAD. The effects
of ic 6-OHDA were compared with the
reference responses in the appropriate
groups of sham-operated rabbits. At least
two weeks were allowed after each set of le-
sions for degeneration of nerve terminals.
On average 85% of NA cells were destroyed
in the different nuclei and never less than
75%. The rabbits were in good condition
and ate and drank normally, with no signs of
neurological disturbances.

Our results suggest that in normal rab-
bits the A; nucleus contributes to the bulbo-
spinal depressor pathway, whilst the (As +
A;) nuclei contribute to the suprapontine
pressor pathway. The A; nucleus con-
tributes to the short-latency cardio-inhibitory
pathway. The A,, As and (As + A;) nuclei
contribute to the reflexly activated vagal
pathway. Combined lesions (A; + Aj) com-
pletely abolish reflex heart rate responses
through the latter pathway.

Biochemical
Pharmacology
Laboratory

Head
Dr. A. Bobik

Projects™

Physiological regulation of neuronal uptake
in cardiac sympathetic nerves.

Central sites of antihypertensive actions of
alpha-methyldopa.

Vascular smooth muscie cell adrenoceptors
in hypertension.

Sodium transport in vascular smooth
muscle.

“Non-receptor” mechanisms for stimulating
the heart.

Summary

Our research has concentrated on basic
cellular mechanisms which affect cardiac
and vascular smooth muscle responses to
changes in activity of the autonomic nervous
system. The amount of noradrenaline inter-
acting with specific receptors in the heart
and blood vessels as well as the activities
of various cellular ion transport systems are
the prime determinants of cell
responsiveness.

We are also involved in studies on the
basic and clinical pharmacology of drugs
that stimulate the heart. The clinical studies
are described in the Clinical Research Unit
Report.

We have found that in experimental neu-
ral hypertension sympathetic overactivity, in-
duced by sino-aortic denervation (SAD), is
associated with severe reduction in cardiac
catecholamine stores in the sympathetic
nerve endings. The effect is similar to find-
ings in human heart failure even though this
was not in evidence. The main mechanism
appears to be the development of a “fault”
in the re-uptake mechanism of the nerve ter-
minal of the hypertrophied hypernensive
heart subjected to chronic sympathetic over-

‘see aiso Clinical Research Unit report.
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The Biochemical Pharmacology Laboratory

activity. This does not occur after SAD in the
normal heart. Other basic work related to
hypertension has been on alpha-adren-
oceptor properties in arteries and analysis of
the determinants of ionic “pumps” in vascu-
lar smooth muscle, which affect contractile
performance.

Last year we reported findings on sev-
eral new beta-adrenoceptor stimulants, which
were developed with a view of providing bet-
ter longterm support for the failing heart than
is possible with existing drugs (eg. digitalis).
Our findings suggested that these new drugs
were unlikely to be successful because of
“down-regulation” of beta-receptors with
chronic use (i.e. reduction in beta-receptor
numbers). We have begun looking at ana-
logues of a naturally occurring substance —
forskolin — to try to produce drugs suitable
for longterm stimulation of the heart, that by-
pass the beta receptors on the cell
membrane.

Another new approach has been to ex-
tend our neurochemical horizons in relation
to work on the function on central neurons
that release brain amines. In the first in-
stance this work is directed to investigate
brain mechanisms contributing to the action
of the anti-hypertensive drug alpha-methyl-

dopa (MD). We have developed new
microdissection procedures of the brain and
have linked them to a series of sensitive as-
says involving high pressure liquid chromato-
graphy. To date our studies suggest that of
the noradrenergic nuclei A,, A, and As are
involved in the central actions of MD, but not
Ag and A;.

Physiological Regulation of Neuronal
Uptake in Cardiac Sympathetic Nerves
J. Snell, P. Scott, A. Bobik

We have now completed a study to de-
termine why cardiac noradrenaline (NA)
stores are reduced following sino-aortic
denervation (SAD) in renal hypertensive rab-
bits, but not in normotensive animals. Reduc-
tion in left ventricular NA content in the form-
er was primarily due to increased cardiac
sympathetic activity associated with in-
creased turnover of labelled NA We exa-
mined whether the major pathway for inac-
tivating NA release from nerves (“neuronal
uptake™) was impaired under these circum-
stances. We compared neuronal uptake
rates In hearts of normotensive and renal
hypertensive rabbits after “sham operation”
and SAD. Experiments on isolated perfused
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Maximal rates for alpha methylnoradrenaline uptake
into 1solated perfused hearts of autonomically intact
fsham) and 'sino-aortically denervated’(S.A.D.)
normotensive and renal hypertensive rabbits.

hearts showed that the maximum rate of up-
take for alpha-methylnoradrenaline into sym-
pathetic nerves was reduced by 33 percent
in SAD hypertensive rabbits compared to
either hypertensive rabbits or to the nor-
motensive subgroups (figure). The reduction
in neuronal re-uptake appeared to be close-
ly associated to the reduction in left ventric-
ular NA turnover time. Neuronal uptake in
the left ventricle of hypertensive rabbits sub-
jected to chronic increased sympathetic
stimulation appears to be reduced, probably
due to damage of the nerve ending.

Vascular Alpha,-adrenoceptors in Renal
Hypertension
A. Bobik, P Scott

It has been suggested that the increased
effect of noradrenaline (NA) on the constric-
tion of blood vessels is due to an increase
in number or affinity of aipha,-adrenoceptors
on vascular smooth muscle cells. We com-
pared the number of alpha,-adrenoceptors
in the aorta, mesenteric and renal artery of
renal hypertensive and normotensive rabbits.
There was some reduction in number of
alpha;-adrenoceptors in cultured vascular

smooth muscle when subjected to prolonged
stimulation with alpha;-adrenoceptor
agonists. We aiso investigated in vivo
whether vascular alpha;-adrenoceptor num-
bers could be influenced by chronic altera-
tions in sympathetic activity. Reduction in
sympathetic activity was achieved by cons-
tant iv. infusion of guanethidine and an in-
crease in activity by sino-aortic denervation
(SAD). Neither manoeuvre altered the num-
ber of alpha,-adrenoceptors in the blocod ves-
sels of hypertensive rabbits. The increased
responsiveness of hypertensive blood ves-
sels to noradrenaline is mainly due to struc-
tural changes associated with muscle hyper-
trophy and not due to alterations in alpha
receptor number.

Distribution and Effects of Alpha-
methyldopa on Central Noradrenaline
Neurons

C. Oddie, A. Bobik, P. Scott, G. Mill, G. Jack-
man, P. Korner

The hypotensive effect of alpha-
methyldopa (MD) in patients with essential
hypertension or in rabbits is mainly due to
its action in the central nervous system
(CNS). In rabbits the role of catecholamin-
ergic (CA) neurons is critical. We have de-
veloped new microdissection procedures
and highly sensitive high pressure liquid
chromatographic assays to measure the en-
dogenous catecholamines noradrenaline
and dopamine, as well as alpha-methyldopa
and its metabolite alpha-methylnoradrenaline
in brain regions close to the main
noradrenergic (NA) cell groups of the pons
and medulla. The brain stem is cut into 200
u sections and the regions close to the NA
cells is dissected with circular punches (see
figure). We have used this technique to
quantitate the distribution of noradrenaline
with the Ay, Az, As, As and A, cell groups.
This correlates closely with the noradrener-
gic cell distribution.

We have compared the effects of in-
tracisternal (ic) and intravenous (iv) adminis-
tration on the distribution of MD and its
metabolites. Eight hours after ic MD, its ef-
fects on blood pressure are maximal. At this
time catecholamine concentrations within the
A1, A, and As noradrenergic cell groups are
greatly increased due to accumulation of al-
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Localisation and distribution of noradrenaline within
the As cell group of the rabbit brain.
Left top panel: 30um section of unstained brain stem Furosemice-sensive . - 5c- 2" Ousban-sensitive

at the level of the facial nerve (F) and superior olivary
nucleus (SO ).

Right top panel: Noradrenaline fluorescent celis
(shown by arrows) of the As cell group along the
venltrolateral border of the superior olivary nucleus.

Left bottom panel: 200um cresy! violet stained
section following microdissection of the As cell
group.

Right bottom panel: Caudal (C) to rostral (R)
distribution of noradrenaline within the As cell group.
F represents the location of the facial nerve within the
cell group. One division represents 1000um.

pha methylnoradrenaline, which accounts for
86 percent of total catecholamines. In the Ag
and A; cell groups only small quantities of
alpha methylnoradrenaline can be detected
and NA is near normal. Following iv MD, al-
pha methylnoradrenaline accumulates in the
A¢ and A7 cell groups to a much greater ex-
tent than when given by the ic route, though
the effects on blood pressure are similar.
Thus A, A, and As NA cell groups probably
contribute to the circulatory actions of MD,
but Ag and A; cell groups do not (see also
Circulatory Control and Neuropharmacology
Laboratory).
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Top panel depicts some of the more important
jon transport systems which transport sodium.
potassium and hydrogen ions across vascular
smooth muscle cell membranes.

Bottom panel demonstrates the effects of inhibiting
the sodium hydrogen exchange (antiporter) system
by amiloride on the accumulation of sodiurn by
vascular smooth muscle cells whose sodium
potassium pump has been inhibited by ouabain (C);
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Sodium Potassium Pump in Vascular
Smooth Muscle
PJ. Little, L. Rowlands, P. Scott, A. Bobik

In some populations sensitivity to salt
appears to be genetically inherited and is as-
sociated with a high incidence of hyperten-
sion. However, we still do not know which
sodium transport pathways in cells of such
patients are implicated in salt “sensitivity’
There has been much interest in various cel-
lular transport systems in red and white
blood cells. Our interest has been in trans-
port processes of vascular smooth muscle
cells.

We have studied the sodium-potassium
“pump” of vascular smooth muscle ceils
grown in tissue culture and have examined
the effects of a prolonged period of inhibi-
tion by hypokalaemia. Subsequent to a 24
hour period of 50 percent inhibition of nor-
mal pump activity, sodium-potassium pump
activity is increased by about 20 percent.
This increase in cell pump activity appears
to be due to the production of more pump
units (induction). But another sodium-
potassium transport system inhibited by low
potassium, the frusemide sensitive sodium-
potassium chloride cotransport system does
not undergo induction. Reports on inhibition
of the sodium-potassium pump in blood ves-
sels by either endogenous inhibitors in blood
or hypokalaemia have been reported in a
number of experimental models of hyperten-
sion. Induction of sodium-potassium pump
activity may be the reason why some of
these experimental models have elevated
sodium-potassium pump activity in their
vessels.

Sodium-hydrogen Exchange in
Vascular Smooth Muscle

PJ. Little, L. Rowlands, A. Bobik

Vascular smooth muscle possesses a
mechanism that exchanges sodium ions for
hydrogen ions. This has been described in
several other cell types and is inhibited by
the diuretic amiloride. We have found that
the sodium-hydrogen exchange system is
the major entry pathway for sodium into cells.
In experiments where sodium extrusion is
reduced by inhibiting the sodium-potassium
pump with cuabain, accumulation of sodium

in the cell may be inhibited by up to 80 per-
cent with amiloride both in segments of rat
aotta and in cultured smooth muscle cells.
In cultured vascular smooth muscle cells, the
activity of this exchange system is increased
when internal pH falls, or when extracellular
pH rices. The level of activity of the NaH *
exchange system directly affects the activity
of the sodium-potassium pump (figure 1).
When its activity is high (influx of sodium is
rapid), sodium-potassium pump activity is
high and when its activity is reduced, pump
activity is also reduced.

Non-receptor Mechanisms for
Stimulating the Heart
G. Jackman, A. Bobik

Elevating intracellular cyclic AMP con-
centrations in the failing heart increases its
performance. Short term increases in my-
ocardial performance through this mechan-
ism, may be obtained with drugs which
stimulate beta adrenoceptors. However, such
drugs lose their ability to maintain the per-
formance of the heart during fong term ther-
apy. This is due to “down-regulation” of beta
adrenoceptors. If we are to increase cyclic
AMP production over prolonged periods, it
is desirable to by-pass the betareceptors of
the heart muscle membrane.

The naturally occurring diterpene, forsko-
lin, increases cyclic AMP production in a var-
iety of cells by activating the adenylate cy-
clase enzyme system at sites distal to mem-
brane receptors. Our initial structure-activity
studies in heart, liver and lung adenylate cy-
clase indicate that forskolin and several of
its derivatives are equipotent in stimulating
adenylate cyclase in heart and liver. However,
the 1-acetoxy derivative of forskolin is more
selective in activating liver than cardiac
adenylate cyclase. All derivatives including
forskolin are poor activators of lung adeny-
late cyclase. Our work suggests that the site
at which forskolin and its derivates act in the
adenylate cyclase system differs sufficiently
from tissue to tissue so as to make it a poten-
tial target for developing a new class of
adenylate cyclase stimulant and possibly
cardiac ionotrope. Binding studies carried
out with (3H) forskolin indicate that it most
probably does not interact with the G pro-
tein of the adeny!ate cyclase system. We are
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studying whether forskolin and its analogues
interact with the catalytic unit or with some
other unknown protein.

Pharmacology
Laboratory

Head: Dr. J. Angus

Projects

The isolation of endothelium derived relax-
ing factor (EDRF).

Large artery spasm and loss of en-
dothelium.

Vascular reactivity in hypertension.

Vascular depression and the response of
alpha,-adrenoceptor agonists.

Mulvany technique for studying small
resistance vessel reactivity in vitro.

Vasoconstrictor responses to alpha-
adrenoceptor agonists in large and small
hindlimb vessels.

Summary

Our efforts have been directed to the
mechanisms that alter the ‘‘reactivity” of
large and small arteries. One area concerns
the mechanisms involved in spasm of large
arteries. Some patients suffer from angina at

Dr. K. Satoh (left), Dr. Jim Angus (right)
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rest and cine x-rays have shown that a seg-
ment of a large coronary artery goes into
spasm, with complete obstruction to blood
flow. In between attacks the arteries appear
to be unobstructed by the usual fatty pla-
ques. We have attempted to answer what is
the signal that makes the large artery con-
strict and why it constricts to such an extent.
Spasm of a coronary artery is a very serious
complication that may cause some types of
heart attacks and even sudden death.

We and others have found that the en-
dothelial lining is a very important determi-
nant of the reactivity of large arteries. When
a piece of rabbit aorta is suspended in an
organ bath administration of drugs such as
acetylcholine, which are generally con-
sidered to be “dilator’” agents, will in fact
dilate (relax) the vessel only if the endothelial
cells, that line the inside of blood vessels,
are intact. After removal of these cells the
artery wall no longer responds to
acetyicholine by dilating, but may now con-
strict. Endothelial cell integrity also appears
important for arterial reactivity to many other
drugs and to many substances produced by
the body. These act on the endothelial cells
through specific receptors (recognition sites)
which causes the release of a powerful
“hormone” which relaxes the muscle cells
in the vessel wall, thereby opposing the
direct constrictor actions of the substance.
Endothelial cells can be grown in tissue
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culture, so that we can study the effects of
various substances on the release of the en-
dothelium derived relaxing factor (EDRF).
We have developed an assay for measuring
release of EDRF and to obtain clues about
its chemical nature. This work has been per-
formed in close collaboration with the Cell
Biology Laboratory.

Concurrently, we are studying the in vivo
responses of large arteries after damage or
removal of the endothelial cells. We have
developed a preparation for studying reac-
tivity of the carotid artery in the conscious
greyhound for up to four weeks after
surgical removal of the endothelium. We
measure arterial diameter, blood flow and
the pressure in the artery. Direct infusion of
serotonin (@ substance released from
damaged blood platelets) into the carotid
artery induces spasm in the side from which
the endothelium has been removed. This is
the first time that spasm of such a large
artery has been experimentally induced. We
have also investigated the responses of
isolated ring segments of carotid arteries
from dogs and rabbits four weeks after
removing endothelium, when there has
been re-growth of endothelium. This tells us
whether there still are changes in vascular
reactivity.

We studied whether the reactivity of the
small blood vessels of rabbits were altered
in renal hypertension, or when this was
combined with an increase in plasma
cholesterol. Hypertension causes an in-
crease in blood vessel wall thickness which
makes them more sensitive to vasoconstric-
tor or dilator agents but it is still controversial
whether additional mechanisms are also in-
volved. Our experiments in instrumented
conscious rabbits are examining whether
cholesterol and hypertension alter the
release of EDRF by the endothelial cells of
the whole vascular tree and not just of the
large arteries.

A new method for measuring the reac-
tivity of the resistance vessels has recently
been developed by M.J. Mulvany at the
Biophysics Institute, University of Aahrus,
Denmark. With his help, we have begun 10
learn about the reactivity of very small
arteries (smaller than a hair thickness) under
controlled conditions. So far we have ex-
plored the differences in response of

mesenteric, muscle, skin and myocardial
vessels (150-250 v) from human, rabbit and
gumea pig organs.

Isolation and properties of endothelium
derived relaxing factor (EDRF)

T. Cocks, J. Angus, J. Campbell, D.
Karamoshos, N. Puglisi.

We have used a technique for growing
endotheliat cells in pure culture on plastic
beads on a relatively large scale. About 50
million cells are placed in a smail tube and
perfused with a physiological, oxygenated
solution in a temperature-controlled
chamber. After administering the test
substance, the cells release EDRF into the
perfusing solution. We have developed a
bioassay for quantifying the amount releas-
ed:— a ring of dog or pig coronary artery
with endothelium removed is bathed by the
solution from the endothelial cell column.
The force developed by this strip is
measured continuously and the release of
EDRF is associated with relaxation, in pro-
portion to the amount released.

With this bioassay we have detected
release of EDRF from endothelial cells from
bovine aorta, vena cava and coronary
artery, human umbilical vein, pig aorta and
dog coronary artery. QOther endothelium-

Dr. T. Cocks (left), Diane Karamoshos
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related cells examined included bovine en-
docardium, pig epicardium and pig gut
mesothelium. All cells released EDRF in
response to bradykinin, trypsin and the
Caz+ ionophore A23187. To date al! have
failed to respond to acetylcholine and
substance P which may be due to the exact
method of preparation of the cell culture.

EDRF is a very potent dilator substance,
which appears to be inactivated relatively
rapidly upon release from the endothelial
cell. Itis negatively charged at pH 7.4 and is
hydrephilic. It binds or is inactivated by large
protein molecules, including haemoglobin
and albumin.

Endothelium and spasm of the carotid
artery

J. Angus, T. Cocks, D. Prior, K. Satoh, E.
Wright, R. Dumpys, G. Campbell.

Isolated ring segments of large coronary
artery contracted more powerfully to
noradrenaline and serotonin, if endothelial
cells had been removed. This was due to
the iloss of EDRF mechanism as discussed
above. We have now studied, in conscious
dogs, the reactivity of a large artery over four
weeks after the loss of endothelium.

At surgery endothelium was removed
from one carotid artery by drawing a partially
inflated 3F Fogarty balloon catheter through
the lumen of an 8 cm length of artery (E-). In
one carotid artery endothelium remained in-
tact (+E) and served as a control. On each
vessel we implanted Doppler flowmeters
and ultrasonic crystals to measure changes
in artery wall diameter. In addition, we im-
planted catheters to measure biood
pressure and to infuse drugs. For the first
2-7 days after surgery local infusion of
serotonin  (1-1000 ng/kg/min) produced
similar constriction of the large artery, with
reduction in diameter of 20-30%. At the
same time blood flow increased by nearly
100% as the small resistance vessels
dilated. Beyond 7 days after operation the
carotid artery without endothelium con-
stricted more than the artery with intact en-
dothelium, with a more marked reduction of
its diameter. We found that in three out of
Six dogs the ~E artery went intc spasm, with
complete cessation of blood flow. This was
rapidly reversed by stopping the serotonin

infusion. Ketanserin, a new selective
serotonin blocking drug completely abolish-
ed the vasoconstrictor response and spasm
of the large vessel but did not alter the small
vessel dilatation. The alpha;-selective
agonist methoxamine, caused only small
falls in diameter in both arteries.
Acetyicholine dilated only the +E artery
throughout the four week period. At autopsy
electronmicroscopy showed that the lumen
of the rubbed artery was mostly covered
with endothelium but there was con-
siderable thickening of the intima. This
geometrical factor of lumen encroachment
from the intimal thickening may also have
contributed to the enhanced reactivity. This
thickened intima was composed of a layer
3-15 smooth muscle cells thick in the “syn-
thetic state’” (no longer contractile) and also
contained large amounts of extracellular
material.

Alpha-adrenoceptor mediated pressor
responses: are they differentiated by
calcium antagonists or by functional
antagonism

M.J. Lew, J A  Angus

Drugs of diverse chemicals classified as
calcium antagonists are widely used in the
treatment of hypertension and other
disorders. They block the pressor action of
alphag-adrenoceptor agonists only poorly.
Hence, it has been thought that alpha,- but
not alpha,-adrenoceptors are coupled with
calcium channels on vascular smooth mus-
cle. Since all calcium antagonists cause
cardiovascular depression we wondered
whether this could be responsible for this
alleged selectivity to the two types of alpha
receptors. Theoretically, a partial agonist is
more susceptible to functional antagonism
than is a full agonist.

Pressor dose-response curves were
constructed in ganglion blocked anaes-
thetized rats to the full alpha,-adrenoceptor
agonist B-HT 920. The calcium channel
blocking drug nifedipine preferentially in-
hibited the effects of B-HT 920, in agree-
ment with the findings of others. Lowering
the starting pressure by haemorrhage or by
nitroprusside infusion or by deeper pen-
tobarbitone anaesthesia also induced
preferential inhibition of the pressor effect of



59

B-HT 920. Moreover, when the maximum
effect of methoxamine was reduced by the
irreversible alpha-adrenoceptor antagonist
phenoxybenzamine, the pressor responses
were now sensitive to inhibition by
nitroprusside infusion. Thus functional an-
tagonism by vascular depression, rather
than a mechanism invoiving calcium chan-
nels, may explain the apparent selectivity of
calcium antagonists for alpha,-selective
pressor agent.

Hypertension and
hypercholesterolaemia on vascular
reactivity of small vessel

C. Wright, J. Angus

One of the major determinants of organ
blood flow is the calibre of the small
“resistance’ arteries, which are 100-500 u
in diameter. We have studied the reactivity
of the hindquarter vascular bed of conscious
rabbits to a number of vasodilator and

vasoconstrictor agents. Hypertension
causes medial thickening of blood vessel
walls, leading to lumen encroachment which
amplifies the responses to vasoconstrictor
and ditator stimuli. It is still controversial
whether additional factors also contribute to
the changes in vascular responsiveness.
We studied instrumented rabbits sub-
jected either to cellophane wrapping of their
kidneys or to sham operation 5 weeks after
surgery. Half the rabbits received 1%
cholesterol in their diet for 4 weeks before
the experiments. After pharmacological
autonomic blockade, dose-response curves
were constructed for intravenous infusion of
acetylcholine, adenosine, serotonin,
noradrenaline, methoxamine and angioten-
sin Il. We found that neither hypertension
nor cholesterol diet altered the sensitivity
{location of EDsg) of dilator action of
acetylcholine, suggesting that EDRF
release was unaffected by these treatments.
Similar results occurred with adenosine

Chart records from a conscious rabbit showing the intense vasoconstriction to methioxamine in the hindquarter

vascular bed.
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and serotonin infusions or to reactive
hyperaemia.

Similarly, we could not demonstrate any
changes in hypertensive rabbits in the sen-
sitivity to intra-arterially administered alpha-
adrenoceptor agonists. These rabbits had
elevated hindlimb vascular resistance (HVR)
at rest and responded with larger changes
in HVR to dilators or constrictors. This is in
accord with the expected changes
associated with medial hypertrophy. Our ex-
periments could not demonstrate any effect
of cholesterol, even for those agents known

to cause release of EDRF in vitro.

Pharmacology of small arteries in vitro
— Mulvany technique

J.A. Angus

Recently, it has become possible to
study very small vessels, in a manner
analogous to that employed for studying
large vessels in an organ bath. We set up 2
mm long segments of microvessels of

150-300 v in diameter on 40 u diameter
wires. These wires are attached to a strain
gauge (to measure the force developed as
the blood vessel contracts), and also to a
micrometer. Two vessels can be measured
simultaneously in a single, temperature con-
trolled, oxygenated chamber. As well as
measuring force of contraction, wall dimen-
sions can be accurately determined by
mMicroscopy.

We have shown that even in microvessel
the endothelial cells are obligatory for the
relaxation to acetylcholine. To our surprise,
the selective alpha,-adrenoceptor agonist
B-HT 920 caused a poor contractile
response in human, rabbit and guinea pig
micro-vessels. In these vessels the predomi-
nant receptor is clearly the alpha;-
adrenoceptor. The drug-receptor compart-
ment comes into rapid equilibrium, so that
data for full dose-response curves can be
obtained in a few minutes.

Diagrammatic representation of the myograph and preparation of the microvessel.

I
i
!

AN

' ‘mcroscope
N

-~

.,_\~—__-/
Force
trinsd.
N’/
e N
/4:&1:1211\ .
/e T
s
(— P -
| — g

/ H -
y —_1 Micro
meter




61
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Unit Director: Dr. Paul Nestel

Lipid Metabolism and Nutrition
Laboratory
Head: Dr. P. Nestel

Lipoprotein Structure and Function
Laboratory
Head: Dr. N. Fidge

Lipoprotein Biochemistry Laboratory

Cholesterol Metabolism Laboratory
Head: Dr. S. Turley

Summary

This year saw the publication of several
intervention studies from the United States
and Europe involving patients with coronary
atherosclerosis. The conclusions from all
these studies were consistent and as un-
equivocal as clinical trials into a disorder of
multifactorial causation can ever be. They
indicate that lowering serum cholesterol
levels of apparently healthy subjects results
in substantially less clinical coronary heart
disease.

The United States Coronary Primary
Prevention Trial studied about 3800 men,
randomly allocated into two groups. Half
took a cholesterol-lowering drug and half
were given a placebo in addition to a
cholesterol-lowering diet. After 7 years those
who took the drug in full dosage lowered
their serum cholesterol levels by 25% and
experienced only half the number of cor-
onary events (deaths plus heart attacks) that
were observed among the controls. Further
analysis showed that the benefit came about
from a simultaneous reduction in low density
lipoprotein cholesterol and a rise in high
density lipoprotein cholesterol.

The results in the control group (placebo
+ diet), though not yet published, are equal-
ly interesting. Although the diet did not lower
the cholesterol as much as the drug. there

was a similarly significant correlation be-
tween the degree of cholesterol reduction
and the prevention of coronary disease.

The other trials dealt with the control
of the underlying disease, coronary
atherosclerosis, assessed by coronary
arteriography repeated over a number of
years. In untreated subjects the disease pro-
gressed and the extent of progression was
most closely correlated with the serum con-
centration of cholesterol, mainly involving a
fraction known as intermediate density
lipoprotein. The groups treated with
cholesterol-lowering drugs experienced a
significant arrest in the progress of the
diseases which was related to both a lower-
ing of low density lipoproteins and an in-
crease in high density lipoproteins.

Similar conclusions are now emerging
from clinical studies of patients who had
undergone coronary bypass surgery. Both
the grafts and the adjacent coronary arteries
are at risk of developing new and further
atherosclerosis. The major determinant ap-
pears to be the persistence of high blood
lipid levels.

The consistency of all these reports pro-
vides strong impetus for pursuing the “lipid
hypothesis” of atherosclerosis. There is now
a solid basis for planning and mounting
campaigns based on reduction of important
risk factors, including raised cholesterol and
triglyceride levels. At the same time we
do not yet know enough about how
atherosclerosis begins or the precise man-
ner in which lipids influence the develop-
ment of the disease. We know that the pro-
cess is very complex, as is the regulation of
the lipoproteins that transport lipids through
the circulation and in and out of tissues in-
cluding the arteries. These factors may
eventually allow more specific and effective
approaches to the prevention of athero-
sclerosis in the community-wide interven-
tions.
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Lipoprotein
Metabolism and
Nutrition Laboratory

Head: Dr. P. Nestel
Dr. M. Reardon

Summary

Our research has focused on the nutri-
tional and metabolic regulation of lipopro-
teins, especially those triglyceride-rich
lipoproteins that may cause premature
arterial disease.

The highly polyunsaturated fatty acids of
fish oils, the so-called omega-3 fatty acids,
comprise about 25% of the fatty acids of fish
from cold northern seas. These fatty acids
are more potent than any currently used
drug for lowering plasma triglyceride, which
is becoming recognized as a risk factor for
coronary artery disease (see below). We
have been the first to demonstrate the
metabolic basis for this triglyceride lowering
effect. We found that these fatty acids stop
the production of other fatty acids in the liver
and stimulate the oxidation of fatty acids.
This leaves the liver without the store of fatty
acids needed to synthesize ftriglyceride.
However these fatty acids exert other potent
effects in other biological systems and the
margin of safety for their use has not yet
been established.

We also demonstrated that high
triglyceride levels, especially within certain
classes of lipoproteins, were associated with
more severe coronary artery disease In
women than in men. This work was done in
collaboration with Dr. Rick Harper and the
Alfred Hospital Cardiology Service. It is
an important new finding, since high
triglyceride levels have not been regarded
as particularly atherogenic (inducing
atherosclerosis), unlike high cholesterol
levels where asscciation with accelerated
coronary atherosclerosis has long been
recognised. A recent reappraisal, still un-
published, of a large population study (in
Framingham, USA) has reached a similar
conclusion.

The Unit has long heid this view about
the atherogenicity of hypertriglyceridaemia
(high blood triglycerides) and two projects
relate to this question. The first is an ex-

amination at the cellular level of the capacity
of various classes of triglyceride-rich lipopro-
teins to induce lipid accumulation in those
cells which form the basis of atherosclerosis
in arteries. Two types of cells have been
studied, the macrophage or ‘‘scavenger”
cell and the smooth muscle cell of the artery
wall. They become engorged with lipids
(both chclesterol and triglyceride), to form
the so-called foam cell, one of the earliest
abnormalities found in the fatty deposits of
arteries.

The findings have been exciting. Both
the macrophage and the smooth muscle
cells can be stimulated to take up increased
amounts of triglyceride and cholesterol
enriched lipoproteins. In fact, the fatty par-
ticles that circulate in the blood after a fat
meal (chylomicron remnants) were taken up
very avidly. We have identified specific
receptor (recognition) sites on the cells to
which the lipoproteins were attracted and
bound. In collaboration with Dr. Julie Camp-
bell we observed that only some and not
other types of smooth muscle cells ac-
cumulated lipid. The susceptible cells which
Dr. Campbell calls the “irreversibly synthetic
cells” are not normally present throughout
the arteries which may help explain the pat-
chiness of atherosclerosis.

Another project dealing with triglycerides
is being carried out in normal people and
in patients with increases in plasma
triglycerides. It is believed that only some
forms of this disorder lead to arterial
disease. This is probably due to the many
different causes for hypertriglyceridaemia,
with a distinct pattern of lipoprotein abnor-
malities for each disease type. Although all
these lipoproteins are rich in triglyceride,
they come from different organs (liver or in-
testine) and have different transport func-
tions and are at different stages in the pro-
cess of dismantling (so-called remnants). It
is likely that the remnants are more
atherogenic than the parent particle and that
those which are atherogenic carry a specific
mixture of lipids and proteins which attracts
them to those cells that become part of the
fatty deposit in an artery.

Since all of the lipoproteins which carry
triglycerides are present in the blood, it has
been important to devise methods to
separate and identify them and then to
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“track” them by injecting radioactively
labelled lipids or proteins. We have used
computer modelling to simulate the manner
and speed with which these labelied
substances disappear from the circulation.
This allows us to estimate the amounts and
rates of production and the manner in which
one is converted to another and removed
from the blood.

Similar studies of lipoprotein turnover
have been carried out in rats to determine
which organs remove circulating lipopro-
teins by specific receptor mechanisms. This
has been combined with isolated cell
studies to show how high density lipopro-
teins (HDL) are metabolised. This lipopro-
tein has a very important role in cholesterol
transport, regulating the movement of
cholesterol in and out of cells. We are study-.
ing this key process with isolated cells,
using different types of HDL-like particles to
determine the optimum conditions for pro-
moting cholesterol efflux from celis.

Another project, which has combined
experiments in the whole animal and in
isolated cells is related to the effects of
dietary proteins on cholesterol metabolism.
We have shown that a diet rich in animal
proteins impairs the capacity of the liver to
recognize and clear certain circulating
lipoproteins but that this does not occur in a
diet rich in vegetable proteins.

Marine polyenoic acids — potent
triglyceride lowering nutrients

P. Nestel, S. Wong Sau Heng, M.
Reardon.

We have previously reported the striking
capacity of certain fish oils to lower plasma
triglyceride concentrations. In man, this was
shown to reflect inhibition of VLDL secretion
from the liver; the production rates of both
the protein and lipid constituents were great-
ly suppressed. Studies in rats, with perfused

Dr. P. Nesel (left). Mrs. £ Monger {centre) and Ph.D Student Miss Wong Sau Heng (right).
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livers and isolated liver cells confirmed
these findings.

Experiments with liver cells from normal
rats and from rats which are genetically
hypertriglyceridaemic, clarified the probable
sequence of events. Two distinctive fatty
acids, eicosapentaenoic and docosahex-
aenoic acids (both have an unusually large
number of unsaturated. “‘bonds’’), suppress
the synthesis of new fatty acids in the liver.
This leads to a marked increase in oxidation
(utilization) of fatty acids reaching the liver
from the circulation. More of these fatty
acids are also used for cellular phos-
pholipids, in membranes for instance. There
is therefore a massive diversion of fatty
acids away from triglyceride production in
the liver, and so the triglyceride concentra-
tion in plasma falls.

We have recently demonstrated a
similar mechanism in isolated, cultured
human liver cells. While this is good news
for treating hypertriglyceridaemic patients,
we have not found a similar effect on LDL
metabolism. Choiesterol levels are therefore
not reduced.

Casein and soy protein in
hypercholesterolaemia

J. Cohn and P. Nestel

One of several factors that lower the
serum cholesterol levels in vegetarians is
the type of dietary protein. This is best seen
in people who have high cholesterol leveis.
We have therefore carried out studies in the
cholesterol fed hypercholesterolaemic rat.

When soy protein was fed instead of ca-
sein (a milk protein) the cholesterol concen-
tration was reduced in the plasma VLDL
fraction. Studies of cholesterol metabolism
showed that a significantly larger fraction of
cholesterol was excreted from the body with
soy than with casein. This, in turn, was
found to reflect a more rapid rate of removal
of VLDL from the circulation of soy fed
rats. The central role of the liver was
cemonstrated by in vivo and in vitro ex-
periments. The initial binding of injected
VLDL by the liver was 30% greater in soy
fed rats. Isolated hepatocytes from soy fed
rats also bound a similarly greater amount of
VLDL in vitro. Of the twe hepatic lipoprotein
receptors, the receptor that recognised the

E apoprotein of VLDL was probably respon-
sible for this differential response to soy and
casein, since the other receptor (the LDL or
B/E receptor) was suppressed by the
cholesterol in the diet. Since the VLDL of ca-
sein and soy fed rats appear similar in their
protein and lipid composition (other than the
higher concentration of cholesterol-rich
VLDL in the casein group), it seems likely
that the expression of the apo E receptor
can be affected by dietary protein.

Lipoprotein protein and triglyceride
metabolism in man

H. Barrett, M. Reardon, P. Nestel, P.
Nugent, N. Baker and R. Boston

High plasma triglyceride levels are very
common and have multiple causes, e.g. ex-
cessive alcohol or energy intake, or to a
variety of metabolic disturbances. The
description of triglyceride metabolism
through kinetic analysis of labelied
triglyceride has in the past been based on
simple models. We have previously reported
overproduction as the prime cause for some
forms of high triglyceride levels in plasma
and diminished removal as the cause in
other varieties.

However the triglyceride transporting
lipoproteins are very heterogeneous and at
any given time the plasma will contain a
mixture of newly secreted lipoproteins and
other particles at varying stages of
catabolism. We have developed a technique
through which these classes can be
separated and studied. We are now carrying
out experitnents in subjects with normal and
high triglycerides in which both the proteins
and triglyceride are labelled and traced. The
data are being fitted to computer based
models for analysis 1o increase our
understanding of the metabolic causes of in-
creased plasma triglycerides. Unlike our
earlier models in which the liver appeared to
secrete into the circulation a single species
of VLDL which then underwent a series of
catabolic delipidation steps to yield a single
remnant, the current experiments reveal the
input of several species of VLDL and the for-
mation of multiple remnants. Since the
metabolic fates of these appear to be
distinct, 1t is likely that there will need to be
reclassification of the causes of high plasma
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triglycerides into several types according to
the predominant disturbance of this com-
plex system.

High density lipoprotein metabolism in
the rat

J. Cohn, P. Nestel, N. Fidge

HDL are the major cholesterol transpor-
ting lipoproteins in the rat. The major pro-
tein, apo A is invalved in several functions
of cholesterol transport: promoting the
movement of cholesterol out of cells, esteri-
fying and “'stabilising” cholesterol in the cir-
culation and transferring cholesterol to
specific organs.

We have studied HDL apo A,
metabolism by several in vivo and in vitro
technigues:— measurement of turnover of
HDL by 16 hr constant infusions, estimating
the initial in vivo binding of HDL after re-
injection and quantifying the in vitro binding
to isolated hepatocytes. The liver, adrenals
and kidneys were the only tissues to
recognise and bind, by a high affinity pro-
cess, in vivo and in vitro, HDL A, apoprotein.
Quantitatively the liver was predominant,
probably reftecting the transfer of
cholesterol from HDL for excretion. The
adrenal which showed the highest affinity for
HDL A, derives sterol for steroid production
by this route. The kidney appears to be an
important catabolic site for apo A;.

Important physiological differences were
also found:— females catabolized less HDL
A, than males, and fasting increased the
removal of HDL A,. Aging exerted no effect.
The in viva experiments have correlated well
with the findings of in vitro binding.

Similar studies are being carried out with
another prominent HDL apolipoprotein, apo
A4, which may clarify the as yet unknown
function of this protein.

Lipoprotein metabolism in macrophages
P. Nestel, T. Billington, J. Bazelmans

Macrophages are found in the arterial
intima at the very beginning of cholesterol-
induced atheroma and constitute the initial
foamn or fat-laden cell. We have found that
macrophages have the capacity to take up
and metabolize large amounts of human
triglyceride-rich lipoproteins especially those

derived during chylomicron catabolism. Fur-
thermore, the receptor involved in the initial
binding of these lipoproteins was found to
be the B-VLDL receptor which is not tightly
reguiated, thus ailowing substantial influx of
lipid.

Cultures of human monocytes are now
being prepared and tested with a view to a
large population study to determine the
variability among people in the capacity of
their monocytes and macrophages to ac-
cumulate lipid.

Lipoprotein metabolism in smooth
muscle cells

M. Reardon, J. Campbell, P. Nestel, P.
Nugent, L. Popadynec and E. Monger

We have studied the metabolism of dif-
ferent rabbit lipoproteins by the various
phenotypes of rabbit smooth muscle cells.
Of greatest relevance to the development of
atherosclerosis was the finding that
substantial cellular lipid accumulation occur-
red with only one phenotype, the irreversibly
synthetic smooth muscle cell. Furthermore
this occurred only when this cell type was in-
cubated with B-VLDL, the characteristic
lipoprotein of the cholesterol fed rabbit. The
nature of the binding interaction was defined
by Scatchard plots and competition studies
with other lipoproteins. This showed that the
B-VLDL interacted at the LDL or B/E recep-
tor through its high content of apo E. The
hinding with B-VLDL showed a much higher
capacity than for normal VLDL or LDL and
the binding capacity of the irreversibly syn-
thetic cell was much higher than shown by
the reversibly synthetic or contractile state
cells.

Lipoprotein metabolism with
hepatocytes

M. Reardon, E. Faehse, P. Nestel, E.
Monger

Our first studies were initially carried out
with rat hepatocytes. More recently a strain
of human hepatoma cell has been establish-
ed, which shows most of the characteristics
of a normal liver cell. This will permit studies
of human cells with human lipoproteins.
Current studies are examining the mech-
anism of uptake of chylomicron remnants
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and the subsequent intracellular events.
One consequence is the suppression of
lipoprotein secretion, as measured by the
rates of synthesis of apolipoprotein B and
triglyceride. This may explain the in vivo
observation of paradoxically low plasma
triglyceride levels the day after a very fatty
meal.

Plasma triglyceride levels predict
coronary atherosclerosis in women

M. Reardon, P. Nestel, E. Faehse, R.
Harper

Last year we were the first to document
an independent correlation between the
severity of coronary atherosclerosis in
women and the triglyceride concentration in
plasma and in VLDL, IDL and LDL. By con-
trast, disease severity in men was related in-
dependently to LDL cholesterol.

Since substantial numbers of women
were receiving thiazide diuretics for
hypertension and/or beta adrenergic biock-
ing drugs for hypertension or angina, further
studies were carried out to examine possible
confounding effects. Both drugs influence
lipoprotein and lipid concentrations. We also
re-examined the effects of alcohol consump-
tion and of diabetes meliitus. Exclusion
of these variables supported the original
conclusion. Indeed, the correlation between
disease severity and IDL (the principal
remnant of triglyceride catabolism) was
strengthened.

Cholesterol efflux from cells

P. Nestel, B. Meyer, T. Billington, E.
Monger

Although HDL is a major acceptor of
cellular cholesterol and its major apolipopro-
tein, {apo A1) promotes this efflux, other
plasma constituents may be equally effec-
tive. We are carrying out a systematic study
using both naturally occurring plasma frac-
tions contaming predetermined mixtures of
lipids and apolipoproteins.

Lipoprotein Structure
and Function
Laboratory

Head: Dr. N. Fidge

Projects

Studies on the HDL receptor
Whole cells

(a) Adrenocortical cells
N. Fidge and P. Nestel

Investigations have continued with
adrenocortical cells and intestinal mucosal
cells in order to characterise the ligand-
receptor interaction in more detail.

Previousty we showed that HDL in-
teracted specifically with adrenocortical celis
and that this interaction could be regulated
by the hormone ACTH. We now wished to
determine if specific HDL apoproteins are
recognised by the putative receptor. Using
specific antibodies, we found that im-
munosuppression of binding occurred only
when Fab fragments against Al or All were
added to incubations, suggesting that those
peptides were recognised by the receptor(s).
in further experiments, we found that both
apo Al and apo All, when recombined with
phospholipid, bound with saturable kinetics
to cells whereas another HDL component,
apo Clll did not demonstrate specific or
saturable binding to adrenccortical cetls.
Further studies are being carried out to in-
vestigate which regions of Al and All are
recognised by the receptor.

(b) Intestinal mucosal celis
A. Kagami, N. Fidge and P. Nestel

HDL also binds to a receptor on rat
mucosal cells and we investigated the
possibility that the binding may be
associated with cholesterol metabolism in
the intestinal cell. Experiments were per-
formed to relate the specific binding of
125 Jabelled HDL; to parameters of
cholesterol metabolism in mucosal cells ob-
tained from rats which had be.n treated to
alter cholesterol metabolisr:. Although
cholesterol synthesis could be .ncreased up
to 5-fold by treating rats with ¢ alestyramine
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or surfomer (inhibitor of absorption) or by
biliary diversion, the capacity of mucosal
cells to bind and degrade 125|-labelled HDL
remained unchanged. The data therefore
suggest that HDL binding and sterol syn-
thesis are not related and the interaction of
HDL with the intestine may be associated
with other metabolic events. However, since
the cellular cholesterol content remained
unchanged due to compensatory changes
in synthesis, we have not ruled out a role for
HDL in cholesterol homeostasis in intestinal
cells. In fibroblasts cholesterol loading
results in increased HDL binding which pro-
motes cholesterol efflux.

Isolation of the HDL Receptor
N. Fidge, A. Kagami and P. Nestel

We have found that HDL binds to the
plasma membrane of mucosal cells with
parameters that compare well with binding
to the whole cell. Similar binding parameters

Dr. Noel Fidge and Ms. Margaret O'Connor analysing the amino-acid composition of A IV apolipoprotein.

were also demonstrated using membrane
preparations of rat and sheep adrenocortical
cells.

The isotation of the HDL receptor has
been attempted using sheep adrenocortical
membranes which had been solubilised with
Triton X-100 or octyl= B-D-glucopyranose;
approximately 65% of the total binding ac-
tivity resided in the soluble fraction. This was
further fractionated by affinity chroma-
tography on columns packed with HDL
coupled to CNBr activated sepharose. After
removal of unbound material, a fraction that
bound to HDL was obtained; this contained
one major protein with a My of approx-
imately 50,000. This material was desorbed
with 6M guanidine-HCl and may therefore
have been altered during chromatography
because the specific activity of HOL binding
was not higher than with the unbound
fraction.

To further identify the membrane frac-
tion which bound to HDL, the solubilised
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membrane was first separated by elec-
trophoresis on SDS-polyacrylamide gels
(10%) and then transferred to nitrocellulose
by the Western blotting technique. When
this was incubated with HDL, followed by an
antibody preparation to Al and amplification
with biotinstreptavidin coupled to HRP, an
interaction was demonstrated between HDL
and a membrane component of approx-
imately 75,000. This again suggested that a
specific protein exists which recognises and
binds HDL;. The same binding protein has
now been found in kidney cortex membrane
fractions and rat liver with kidney showing
most intense binding reaction. This is con-
sistent with in vivo parameters of HDL
removal in the rat.

AlV Apolipoprotein metabolism
T. Ohta, N. Fidge and P. Neste!

We have continued to investigate the
physiological function of this unusual pep-
tide which is a major component of lymph
chylomicrons, but which in human plasma
remains largely unassociated with the major
lipoproteins. Recently we tentatively des-
cribed up to eleven isoforms of AlV apoli-
poprotein, which were present (in minor
amounts) in all lipoproteins as weil as in the
lipoprotein-deficient fraction. We have now
confirmed their identity using specific AV
antibodies following immunoblotting techni-
ques. We are studying the transfer of apo-
AlV between plasma lipoproteins in relation
to physiological events.

Monoclonal antibodies for
apolipoprotein studies

N. Fidge, M. Leonard-Kanevsky and J.
Hayes

Monoclonal antibodies (McAb) have suc-
cessfully been produced for human B
apolipoprotein after immunising mice with
apo B48. Approximately 12 different 1gG
have been purified from ascites fluid and
panly characterised.

Epitope maps are being constructed
following studies on LDL binding to
fibroblasts. In these experiments, the ability
of each McAb to suppress binding of
125-|-abelled LDL to the cultured cells is
measured; those that cause most inhibition

are assumed to interact with those sites
(epitopes) involved in receptor recognition.

In addition, McAbs to human apoAl have
been produced and McAbs to All apoprotein
are also being developed. These antibodies
will be useful in determining which regions
of the peptides are recognised by the HDL
receptor and if the sequences are shared in
common by apo Al and All.

Cholesterol
Metabolism
Laboratory

Head: Dr. S. Turley

Projects

Developmental changes in whole body
cholesterol production and plasma chole-
sterol levels in the obese rat.

Regulation of hepatic cholesterol preduction
in the obese rat.

Summary

Obese individuals are more prone to
develop cardiovascular disease partly
because they frequently manifest elevated
plasma cholesterol and triglyceride levels.
The exact cause of the hyperchole-
sterolaemia associated with obesity is not
known. On an ideal body weight basis,
whole body cholesterol production is much
greater in obese subjects than in normal in-
dividuals. However, it is not known which
particular tissues synthesise excess
cholesterol or whether such overproduction
has any role in raising blood cholesterol
levels In these subjects.

The SHR/N-cp rat spontaneously
develops obesity, hyperlipidaemia and
diabetes and is an ideal experimental model
1o obtain more specific information about
the changes in cholesterol metabolism that
occur in obesity. These studies have focus-
ed on measuring plasma cholesterol levels
and the rate of cholesterol production in
each of the tissues and in the whole animal
in obese and lean rats at different stages of
development. The results of this work sug-
gest that the increase in plasma cholesterol
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levels found with obesity may not be related
to the rate of cholesterol production by the
tissues but may instead result from an im-
paired ability of the tissues 1o clear lipopro-
teins from the plasma.

Developmental changes in whole body
cholesterol production and plasma
cholesterol levels in the obese rat

S. Turley

At an early age whole body cholesterol
production in obese rats is greater than in
their lean littermates. However, as the cor-
pulent animals become older and more
obese, cholesterol production by the liver
falls dramatically. Although the obese
animals produce more cholesterol in
adipose tissue than lean animals, this does
not fully compensate for the decline in
cholesterol production by the liver. Hence
whole body cholesterol production in the
older obese animals falls to a rate that is
similar to that found in age-matched lean
animals. Despite the decline in whole body
cholesterol production, the degree of hyper-
cholesterolaemia increases as the rats
become older and more obese. These fin-
dings suggest that the increase in plasma
cholesterol levels is not related to the rate of
cholesterol production by the tissues. It may
instead result from an impared tissue
clearance of lipoproteins from the plasma.
This could arise if one of the receptor-

Dr. 8. Turley

mediated processes involved in lipoprotein
uptake was either absent or defective in the
obese animals.

Regulation of hepatic cholesterol
production in the obese rat
S. Turley

in obese rats maintained on a normal
chow diet the rate of cholesterol production
in the liver is lower than in age-matched lean
animals. The degree of suppression of
hepatic cholesterol production becomes
greater as the animals become older and
more obese and is more pronounced in
males than in females. In normal rat strains
hepatic cholesterol production can be sup-
pressed if the level of esterified cholesterol
in the liver is greatly increased by feeding
the animals a high cholesterol diet. However
in this strain of obese rat the suppression
occurs spontanecusly and without a
dramatic change in the level of esterified
cholesterol in the liver. In addition, when
obese rats are fed a diet containing sur-
former (a newly developed drug that blocks
cholesterol absorption and hence the
delivery of cholesterol to the liver) the rate of
hepatic cholesterol production remains low.
These findings suggest that the reduced
production of cholesterol by the liver and the
elevation in plasma cholesterol levels in this
model are not due to the absorption of ex-
cess dietary cholesterol from the intestine.
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Cardiovascular Surgical

Research Unit

"

Unit Director:
Professor J. Ludbrook

Vascular Laboratory

Head: Professor J. Ludbrook

Reflex effects of arterial baroreceptor and
cardiac receptor input during exercise.

Cardiovascular effects of instantaneous
arterial baroreceptor denervation in the con-
scious rabbit,

Studies to confirm that the reflex effects of
arterial baroreceptor input are suppressed
at the onset of exercise.

Reflex effects of arterial baroreceptor input
during spontaneous behaviour.

Why does naloxone restore blood pressure
in hypovolaemic hypotension?

Summary
Our work is in the field of circulatory
regulation relevant to surgery or anaes-

Professor John Ludbrook

thesia. In addition, we are working on the
neural mechanisms contributing to cir-
culatory regulation in exercise and in other
everyday activities. We have found that one
of the important systems that has been
regarded as of major importance in main-
taining the status quo of the circulation, ap-
pears to do just the opposite in some cir-
cumstances! The arerial baroreceptors,
which sense the pressure in some of the
larger arteries, usually act through the cen-
tral nervous system to maintain blood
pressure at a normal level. Work in Paul
Korner's and Pat Dorward’s laboratories, as
well as overseas, has indicated that the
baroreceptor reflexes do not invariably play
this role. We have found in rabbits that at the
onset of exercise the way in which these
reflexes work is drastically altered, so that
rather than maintaining blood pressure con-
stant they actually drive it upwards. Thus the
way in which the brain processes the signals
that it receives from the baroreceptors is
dramatically altered, by the act of will to do
exercise and by signals from the exercising
muscles. We found that the reflex properties
become altered with different forms of
behaviour, such as grooming or eating.
Here too the normal influence of the
baroreceptor reflex is transiently suppress-
ed and the reflex now appears to drive the
blood pressure upwards. It seems likely that
many of the variations in blood pressure that
take place in man during everday activity
are a direct result of this type of modulation
of the baroreceptor reflex. Probably com-
plex disturbances that attend acute blood
loss in man, including emotional factors also
affect the capacity of the baroreceptor reflex
to sustain blood pressure.

We have just commenced to study some
interesting mechanisms that come into ptay
during blood loss. When blood loss is pro-
found there is a failure of blood vessels to
constrict and thus maintain blood pressure
leading to “'shock’”. Recent reports suggest
that the drug naloxone, an antagonist to
morphine, reverses this effect. These two



71

observations are of great importance and
may lead to better understanding and treat-
ment of states of shock in man. We are cur-
rently investigating the cause(s) of the failure
of blood vesse! constriction, and the mode
of action of naloxone and the possible sites
irt the brain and peripheral circulation.

Projects

Reflex effects of arterial baroreceptor
and cardiac receptor input during
exercise

J. Ludbrook.

Six rabbits were exercised on a moving
belt at 13 m/min for 60 s. Heart rate (HR),
mean arterial pressure (MAP), cardiac index
(Cl) and systemic vascular resistance index
(SVRI) were measured. Exercise was done
with all four possible permutations of input
from the arterial baroreceptors (B) and car-
diac receptors (C), i.e. BC, both inputs pre-
sent; B, only baroreceptor input (in-
trapericardial procaine); C, only cardiac
receptor input (surgical barodenervation); O,
both inputs deleted. The reflex effects on
SVRI of the two inputs were calculated as (B
— 0) and (C — O), and their interaction as
[BC — O] — (B — 0] + (C— O)]. The etf-
fects of baroreceptor input plus interaction
on all cardiovascular variables were also

Fig. 1. The effects of aftering input to the control
nervous system from arterial baroreceptors on the
cardiovascular responses to exercise. Note
particularly the dramatic effect of deleting
baroreceptor afferents.

calculated, as (BC — C). At rest, (B — O)
and (C — Q) each tonically depressed SVRI,
without interacting, and (BC — C) tonically
depressed SVRI, MAP and HR. Within 10 s
of commencing exercise these tonic effects
were abolished, though a small, SVRI-
lowering, interaction appeared. Suppression
of the tonic reflex effects of arterial
baroreceptor and cardiac receptor input
supported systemic vascular resistance at
the onset of exercise and contributed to the
rise of arterial pressure.

Cardiovascular effects of instantaneous
arterial baroreceptor denervation in the
conscious rabbit

J. Ludbrook, S. Potocnik

A snare was used to denervate the
carotid sinus in conscious rabbits whose
other arterial baroreceptors had been dener-
vated 8-14 days previously by surgical
operation. Within 2 min of tightening the
snare arterial blood pressure had risen from
81 + 21to 119 + 5 mmHg, and heart rate

Fig. 2. Effects of deleting baroreceptor input on
behavioural modifications of blood pressure and
heart rate in a conscious rabbit. -, ‘basal’ conditions
when rabbit spontaneously quiet or being petted.,
spontaneous activities such as exploring box,
standing or grooming. Symbols and units as in A,
20 min. prior to tightening snare on sinus nerve.
Note that activity elevates SAP and HR above ‘basal
levels. B, period during which snare was tightened.
C, 20 min. after tightening snare. Note that activity
now depresses SAP and HR below ‘basal’ levels.
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Fig. 2. Immediate effects of deleting the sole source of arterial baroreceptor input in a conscious rabbit, by
tightening a snare on the carotid sinus nerve. CSP, SAP: carotid sinus, and systemic arterial, pressures (mm Hg),
HR: heart rate (beats/min). Note that refiex responses (left) to inflating caval or common carotid cufls are abolished
(right). Note also that when the snare is tightened there is a transient bradycardia and hypotension, presumably due

to sinus nerve discharge.

had risen from 214 + 9 to 280 + 9 beats
min-'. They remained at these high levels
for 15 min but this was not sustained and
after 30 min blood pressure and heart rate
were 103 + 9 mmHg and 265 + 8 beats
min-! respectively. They declined towards
contral at a somewhat irregular rate over the
succeeding 7 days. The previously brisk
baroreceptor-heart rate and carotid sinus
reflexes were completely abolished by
ensnaring the carotid sinus nerve, and re-
mained absent over the succeeding 7 days.
The snare method is not confounded by
general anaesthesia or surgical injury, and
allows observations to be made within
minutes after removing this input. The rapid
decline in blood pressure and heart rate
after 15 min, and the subsequent slow
downward trend, are unexplained and may
be important. In intact rabbits spontaneous
activity in their cage was usually associated

with transient rises of blood pressure and
heart rate, but after removing the barorecep-
tors the same activity resulted in transient
falls in these variables.

Studies to confirm that the reflex effects
of arterial baroreceptor input are
suppressed at the onset of exercise

J. Ludbrook

We wished to confirm that tonic reflex
depressor effects of input to the central ner-
vous system from arterial baroreceptors (s
abolished at the onset of treadmill exercise,
thus contributing to the rise of systemic
arterial pressure (SAP) and heart rate (HR).
Rabbits were instrumented with an inflatable
cuff around one common carotid artery,
after surgical denervation of the remaining
baroreceptors. Transient inflation of the cuff
caused reflex rises of SAP and HR, which
were much reduced during the first minute
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Fig. 3. Effects of unloading the arterial baroreceptors during exercise on heart rate {HR. beats/min) and blood
pressgre_( SAF, mmHg). CSP: carotid sinus pressure above an inflatable cuff. All baroreceptors except those in one
carotid sinus denervated. Note that the reffex response of HR is nearly abolished, and that of SAP much reduced,

during 60 s treadmill exercise.
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of exercise. Deflation of the cuff caused a
brisk fall of HR, which was completely
abolished by exercise. A snare was placed
around one carotid sinus nerve, after the re-
maining arterial baroreceptors had been
surgically denervated. When the snare was
tightened ail arterial baroreceptor reflexes
were immediately and permanently abolish-
ed. The difference provided a measure of
the previous role of the baroreceptor input.
The magnitude of the calculated effects, at
rest and during exercise, diminished accor-
ding to how long after barodenervation the
observations were made.

We conclude from the above experi-
ments that the resting tonic reflex depres-
sion of SAP and HR caused by baroreceptor
input is much reduced at the onset of exer-
cise but not completely abolished. In addi-
tion, from the effects of partial surgical
barodenervation and of unloading the
carotid baroreceptors prior to exercise that
resting input from the arterial baroreceptors
must be near-zero before the cardiovascular
response to exercise is qualitatively altered.

Reflex effects of arterial baroreceptor
input during spontaneous behaviour
S. Potoenik, J. Ludbrook

At the onset of treadmill exercise in the
rabbit the reflex effects of arterial barorecep-
tor input to the central nervous system are
suppressed. We have tested the hypothesis
that this also occurs with minor fevels of
spontaneous everyday activity and related
behaviour patterns.

Six rabbits were observed for 2 hours
under each of 3 conditions: B,, all sets of
baroreceptor afferents intact; B,, afferents
from only one carotid sinus intact; By, all
baroreceptor afferents deleted. We obtained
consecutive 10s mean values of blood
pressure (BP) and heart rate (HR) during dif-
ferent types of spontaneous behaviour such
as standing or lying, exploring their en-
closure, grooming, and eating. There were
interposed periods of inactivity during which
BP and HR were defined as basal. The
results were analysed as the proportion of
ime during activity that BP or HR were
above or below the basal levels.

in condition B4, spontaneous activity

caused transient rises of BP and HR, so that
they were above “‘basal” levels 82% of the
time. In condition By, BP and HR were
above “basal” levels 64% and 76% of the
time. In condition By, spontaneous activity
caused transient falls of BP and HR, so that
they were above basal levels only 21% and
28% of the time. Supplementary ex-
periments showed that in condition Bg the
transient falls of BP were not prevented by
blockade of cardiac afferents or efferents.

We conclude that the tonic reflex effects
of baroreceptor input are centrally suppress-
ed during this type of spontaneous
behaviour, and that this contributes to the
concomitant rises of BP and HR. If a similar
phenomenon occurs in man it would explain
the direct, rather than inverse, relation
between BP and HR during long-term
recordings.

Why does naloxone restore blood
pressure in hypovolaemic hypotension?
P. Rutter, J. Ludbrook

Preliminary studies have been made in
conscious rabbits subjected to haemor-
rhage over 5 min to a level of mean systemic
arterial pressure {(MSAP) of 40 mmHg.

Mr. Peter Rutter and Simon Potocnik measuring the
response to naloxone after haemorrhage.
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These have confirmed that intravenous
naloxone, 5 mg/kg, raises MSAP by 3040
mmHg, and lowers heart rate (HR). The ef-
fect is similar whether naloxone is given 5
min or 30 min after the haemorrhage. The
effect -is not diminished by prior surgical
sinoaortic barodenervation, nor by cardiac
nerve blockade with intrapericardial pro-
caine (IPP), so that it is not mediated via
baroreceptor or cardiac receptor afferents.
Fixation of HR by IPP did not diminish the
effect, so that it is likely to be caused by in-
crease in peripheral resistance. Studies are
in progress to determine whether the
pressor effect is mediated by sympathetic
vasoconstrictor nerves, and hence is central
in origin.

Cardiac Surgery
Laboratory

Head: Frank Rosenfeidt

Projects

Response of the hypertrophic heart to
hypothermic cardioplegia

Optimal reperfusion pressure after hypo-
thermic cardioplegia

Long term results of cardiac surgery

Microprocessor control of drug infusion after
cardiac surgery

Summary

We have continued our search for new
ways of preventing unwanted damage to the
heart muscle during cardiac surgery, and of
improving recovery of the patient after-
wards.

Some of the initial work in this field has
been carried out on the normal heart of the
experimental animals. However, the
threshold for damage in patients whose
heart muscle has been altered by disease
may be less than that of the normal heart.
The diseased heart may have thickening of
the muscles (hypertrophy), or scarring due
to coronary artery disease. We have
therefore examined the optimum operating

conditions in animals with experimentally
created states of heart disease. Various
surgical techniques are then applied to the
diseased hearts, and the response com-
pared to the effects of similar procedures in
dogs with normal hearts. This knowledge is
then applied for strategies for optimum
operating in cardiac surgical patients and for
critically evaluating the results.

in the early days of cardiac surgery,
operative results were evaluated mainly in
terms of the technicai procedure being com-
pleted successfully, the patient surviving the
operation, and then Jleaving hospital.
However, we are now recognising that
technical success and hospital survival are
not sufficiently discriminatory to detect small
improvements or shortcomings in surgical
techniques. We now place increasing
reliance for our quality control on the late
results of surgery, such as five to ten year
survival, late recurrence of symptoms and
continuing ability to work and take part in
physical recreations. Over the last four years
in the Cardiac Surgery Unit of the Alfred
Hospital there has been a painstaking effort
to collect data on the long term results of
cardiac operations. In the Cardiac Surgery
Unit's microcomputer we have information
on 7000 patients who have had heart
surgery over the last twenty years. During
the last year we have begun to analyse the
late results of coronary bypass surgery with
the assistance of mainframe computers at
Monash University.

All too often have we heard it said that in
Australia we make great advances in basic
research but fall down when it comes to ap-
plying the results, especially when this ap-
plication involves collaboration with com-
merce or industry. In recent years the Car-
diac Surgery Laboratory in collaboration
with the Royal Melbourne Institute of
Technology has developed a special
microprocessor unit to regulate delivery of
drugs to control blood pressure after heart
surgery. In addition, we are working with a
Melbourne electronics firm, Newtronics
Limited, to assess the commercial potential
of this device. In 1984 we secured a $10,000
grant from the Victorian Government
Department of Industry, Commerce and
Technology to to build two commercial pro-
totypes for further clinical testing.
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procedures.

Projects

Response of hypertrophied heart to
hypothermic cardioplegia

F.D. Rosenfeldt, M. Rabinov

We wished to answer the following
questions:— Firstly, is there a biochemicai
difference in the pre-arrest state of the
hypertrophic ventricle? Secondly, is there a
different biochemical response to hypo-
thermic cardioplegia? Thirdly, can any dif-
ferences between the response of hyper-
trophied and normal hearts be compen-
sated for by cooling? Subcoronary stenosis
of the aortic valve was created in dogs by
oversewing the non-coronary cusp of the
aortic valve in 6 week old pups. Six animals
were studied 6-9 months later, when they
had developed marked left ventricular
hypertrophy. Each heart was arrested by in-
fusion of cold cardioplegic solution. The
heart was then excised and the left ventricle

(I-r) Ms. J. Boardman, Ms. C. Boyes, Dr. Chen Xiao Zhong, Dr. F. Rosenfeldt engaged in open heart surgical

was divided into four segments, each of
which was stored for 6 hours at one of the
following temperatures 4°C, 12°C, 20°C
and 37°C. Biopsy samples were taken
before and immediately after arrest and then
at 2 hourly intervals for 6 hours. Biopsies
were assayed for levels of high energy
phosphates and lactate. For comparison,
the same study was carried out on six nor-
mal dog hearts. The results showed no dif-
ference between the hypertrophic hearts
and the normals in baseline ATP, creatine
phosphate and lactate. The rate of rise of
lactate in the hypertrophied hearts during
hypothermic cardioplegic arrest was greater
than in the normals. The preliminary results
also showed a tendency for ATP and
creatine phosphate to fall at a greater rate
than normal. Cooling to 4-12°C caused a
marked attenuation in the response of ATP,
creatine phosphate and lactate to car-
dioplegia in all hearts, and an abolition of dif-
ferences in response between hyper-
trophied and normal hearts.
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Fig. 1. Simultaneously measured mean pressure during reperfusion in the acrta and in coronary arteries distal to a
stenosis, in 10 patients undergoing coronary bypass grafting. The small dots represent the individual values and the
large dots the means. Major stenosis: 70-100% diameter narrowing; minor stenosis: less than 70% diameter

narrowing.

Measurement of Coronary Pressure
During Reperfusion in Patients

F.D. Rosenfeldt

In a previous project we studied the
reperfusion phase following hypothermic
cardioplegic arrest and determined the cor-
onary pressure range which was optimal for
myocardial recovery. We found that the
lower cutoff point lay between 20 and 40
mmHg. Coronary pressures below this point
during reperfusion delayed myocardial
recovery. This study was performed in dogs
with normal coronary arteries. However, in
patients with coronary artery disease, during
reperfusion the myocardium is perfused via
arteries with severe stenoses or via small
diameter collaterals. Thus the only pressure
reading available to the surgeon comes
from the aorta proximal to these high
resistance pathways and this may differ
greatly from the pressure distally. If the
resistance in the coronary arteriolar bed is

low compared to the stenosis resistance,
which is usually the case during reperfusion,
the best estimate of coronary reperfusion
pressure is the pressure measured just
beyond the stenosis.

The pressure distal to coronary stenoses
is difficult to measure and hence is usually
ignored in clinical practice. In patients
undergoing coronary artery bypass grafting,
we measured the pressure beyond the
stenosis during reperfusion by passing a
fine catheter down the vein graft before it
was anastomosed to the aorta.

In 13 arteries with major stenoses, distal
mean coronary pressure averaged 31
mmHg while the simultaneously measured
mean aortic or radial artery pressure averag-
ed 66 mmHg. Thus the average gradient
across the stenosis was 35 mmHg (range
1560 mmHqg). We concluded that during
reperfusion in patients with severe coronary
artery disease, mean coronary pressure
should be kept in the range 80-100 mmHg.



Cell Biology Laboratory

Head: Dr. J. Campbell

Projects

Influence of endothelial cells on smooth
muscle lipoprotein metabolism.

The extracellular matrix and atherosclerosis.

Macrophage influences on smooth muscle
phenotype and proliferation.

Smooth muscle polyploidy and hyperten-
sion.

Morphometric analysis of the cells of human
diffuse intimal thickenings.

Summary

The cells of the artery wall are in func-
tional equilibrium, with any alteration in one
group influencing others, resulting in either
normal repair mechanisms or producing
pathological processes. For example, in the
normal blood vessel under normal steady-
state conditions the endothelial cells form a
continuous single cell layer overlying
smooth muscle. However, if the en-
dothelium is damaged medial smooth mus-
cle cells migrate into the intima and pro-
liferate causing myointimal thickening. The
smooth muscle ceases to proliferate when
re-endothelialization occurs. While contact
with substances from the blood is important
in this process, recent research by
ourselves and others has shown that en-
dothelial ceils themselves play a role in the
regulation of smooth muscle proliferation.
We have found that undamaged layers of
endothelial cells maintain smooth muscle in
the contractile phenotypic state where it is
incapable of proliferation, and that they in-
hibit synthetic state cells from proliferating in
response to blood factors. Proliferating
(regenerating) endothelial cells stimulate the
growth of synthetic state smooth muscle as
do monocyte-derived macrophages which
have migrated from the blood through an in-
tact endothelium.

Since proliferation of smooth muscle is a
characteristic feature of atherosclerosis, the

study of how cells in the artery wall interact
is important for understanding the causation
of this disorder. We have shown that the en-
dothelium not only influences smooth mus-
cle proliferation, but has a profound in-
fluence on the metabolism of atherogenic
lipoproteins by the smooth muscle cells. We
found that monocyte-derived macrophages
control the biology of smooth muscle cells,
and that as well as producing a growth
stimulator for smooth muscle cells they can
under certain conditions produce a growth
inhibitor.

We have examined the type and amount
of extracellular matrix components (collagen
and glycosaminoglycans) that is produced
by smooth muscle cells of different
biological states in relation to the develop-
ment of atherosclerosis. In addition, we
have studied the smooth muscle pheno-
types associated with diffuse intimal thicken-
ings (which are sites of predilection for
atherosclerosis) of human carotid arteries,
and whether change in ploidy (multiples of
normal chromgcsome numbers) of smooth
muscle cells plays a role in aetiology of
hypertension.

Projects

Influence of endothelial cells on smooth
muscle lipoprotein metabolism

J.H. Campbell, L. Popadynec

Using cell culture procedures we
previously determined the manner in which
smooth muscle cells of different biological
states metabolize lipoproteins in the
absence of endothelium. The cells in-
teracted more avidly with lipoproteins of the
triglyceride-rich  spectrum (B-VLDL from
cholesterol tfed rabbits and normal VLDL)
than of the cholesterol-rich spectrum (LDL).
Smooth muscle phenotype markedly in-
fluenced the degree of cellular interaction
with lipoproteins. This was reflected in the
lipid synthesis and accumulation and in the
maximum binding capacities of the lipopro-
teins and rates of degradation which were
considerably greater for cells in the irrevers-
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Dr. Julie Campbell (right) and Ms. N. Puglisi
measuring the amount of DNA in cells by measuring
fluorescence intensity after staining.

ible synthetic state than in the reversible
synthetic state which in turn were greater
than with cells in the contractile state.

We then carried out a series of studies to
determine whether the presence of en-
dothetial cells influenced the metabolism of
B-VLDL by irreversible synthetic state cells.
For these studies we grew a feeder layer of
either confiuent, quiescent (equivalent to
normal artery) or proliferating (regenerating)
endothelial cells on one coverslip of a
modified Rose chamber. Irreversible syn-
thetic state celis were grown on the opposite
coverslip for 3 days co-culture. The cells
were then incubated in increasing concen-

trations of ['25-labelled B-VLDL for 3 hours at
37°C to determine the amount of lipoprotein
cell-associated (bound + internalized), or
for 24 hours in 75 ug/ml uniabelled B-VLDL
to determine cholesterol/cholesteryl ester
accumulation by gas chromatography and
Fettrot staining for cellular lipids. It was
found that smooth muscle cells grown in the
presence of endothelium (even when the
endothelium was removed during the actual
incubation with lipoprotein), had a
significantly higher lipid accumulation than
smooth muscle cells grown alone. This was
true for both confluent quiescent and pro-
liferating endothelial cell feeder layers. in all
cases, the endothelium itseif bound a con-
siderable amount of the lipoprotein, but lipid
was not accumulated.

These studies suggest that the lipid ac-
cumulation by smooth muscie cells of
atherosclerotic ptaques is a result of (1) the
presence of an atherogenic lipoprotein
{B-VLDL) in the blood; (2) the presence of
smooth muscle cells in the irreversible syn-
thetic state, and is exacerbated if the en-
dothelium is intact or is regenerating. This
latter finding is consistent with reports that
lipid preferentially accumulates in re-
endothelialized as compared with de-endo-
thelialized areas of a lesion.

Smooth muscle phenotypic expression
in human carotid arteries

P.J.L. Mosse, G.R. Campbell, Z.L. Wang
and J.H.Campbell

in man, certain arteries have a diffuse in-
timal thickening (DIT) which forms over the
first two or three decades of life from smooth
muscle cells which have migrated from the
media and proliferated. DIT’s occur in those
arteries which are particularly susceptible to
atherosclerotic plaque formation, such as
coronary and carotid arteries.

We carried out ultrastructurai mor-
phometry of the cells of DIT’s from human
carotid arteries obtained during surgery and
found that 87% were of smooth muscle
origin and that many of these cells express-
ed the synthetic phenotype. Overall there
was a 100% increase in the amount of
smooth muscle cell cytoplasm occupied by
synthetic organelles compared with cells of
the media. Synthetic state cells in culture
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are capable of proliferation, synthesis of
extra-cellular matrix and are susceptible to
lipid accumulation. Thus the altered
phenotypic expression by smooth muscle
cells in DIT’s may explain the predilection of
these sites for atherosclerosis.

Does polyploidy occur in vascular
smooth muscle in hypertension?

M.J. Black, J.H. Campbell, and |. Barr

Increase in ploidy (increase in the
number of chromosomes from 2N to 4N) oc-
curs in smooth muscle cells of large vessels
during hypertension. However, it is the small
resistance vesseis and not the large vessels
which play a major haemodynamic role in
hypertension.

In the present study, using flow
cytometric DNA analysis, it was found that
the ploidy of enzyme-isolated smooth mus-
cle cells of the caudal artery of the spon-
taneously hypertensive rat (SHR), did not
change significantly with duration of
hypertension.

In contrast there was a 19% increase in
the number of cells of the SHR aorta ex-
pressing 4N chromosomes during the same
period.

By growing smooth muscle cells from
normal (non-hypertensive) animals in culture
we were able to induce an increase in ploidy
by selective nutrient deprivation such that
the cells could not pass effectively through
the cell cycle, and also by allowing the cells
to undergo multiple divisions.

The results suggest that polyploidy is not
involved in the etiology of hypertension and
that it probably occurs in large arteries as a
resuft of nutrient deprivation through the
thick vesse! wall and by cellular aging.

Macrophage influences on smooth
muscle phenotype and proliferation

R. Rennick, Z.L. Wang and J.H. Campbell

Circulating monocytes are derived from
bone marrow precursors and differentiate
into macrophages when moving from the
circulation into a tissue. Greatly increased
numbers of monocytes adhere to and
penetrate the arterial endothelium in
animals fed a high cholesterol diet. This oc-
curs within two weeks after starting the diet,
well in advance of the formation of the defin-
ed smooth muscle proliferative lesion. It
has long been known that monocytes/
macrophages, together with smooth muscle
cells, are the source of lipid-filled ‘‘foam
cells” of atherosclerotic plaques. But their
early appearance in the lesion raises the
possibility that they may play a wider role in
the etiology of this disease.

We have shown that arterial smooth
muscle can exist in a range of phenotypes
related to functional demand, and that
before the cells become capable of pro-
liferating they must modulate from the con-
tractile to synthetic phenotype. To deter-
mine whether the monocyte/macrophage
can influence smooth muscle phenotype,
the two cell types were grown together in
culture. It was found that the change in
smooth muscle phenotype to the synthetic
state was stimulated by macrophages and
that the macrophages also influenced cell
growth. Both stimulators and inhibitors
of cell growth were released by the
macrophages. Which one was predominant
depended on the concentration of
macrophages and their state of activation.

Thus monocyte/macrophages may be in
part responsible for the proliferative phase
of atherosclerosis as well as contributing to
the deposition of fat.
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Institute Services

Biomedical
Engineering

Most of the year’s operations have been
taken up by implementing a number of
previously designed projects. In particular
our interference-free computer trolleys re-
quired a substantial team effort.

We now have a compact mobile system
of maximum fiexibility with respect to both
software and hardware applications.

With the gradual integration of more on-
line computing equipment however, most

laboratories experienced a need for new,
specialised interfacing devices as few of
them are commercially available. The future
direction for our in-house resources appears
to be mapped out.

The overall repair and maintenance load
again increased over the year, as a conse-
guence the engineering laboratory keeps a
daily record on individual times spent on the
various projects. This will facilitate future
budgetting for technical man-power and skill
requirements as well as help to decide on
the cost-benefit or service contracts for new,
even more complex instrumentation.

Biomedical Engineering. Workshop Staff (I-r) F. Hannemann, K. Harvey, D. Bell, S. Carter and J. Baird.
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Computers

Programmer: Mrs. J. Gipps

During the last year most programming
time has been spent on developing pro-
grammes to be used for analysing data col-
lected on dedicated computers in specific
laboratories.

One example of this has been a pro-
gramme developed for the Circulatory Con-
trol Laboratory. In this laboratory, data recor-
ding from Doppler flow meters of renal,
mesenteric and hind limb blood flow
together with blood pressure and heart rate
is collected according to a set experimental
protocol. From this data corresponding con-
ductance values can be obtained. A simple
mathematical model is then applied to
estimate the blood volume of the animal dur-
ing the time course of the experiment. The
experimenter then has the ability to plot the
data out in various ways and parameters
from the experiment are subsequently
deduced which are then stored in a sum-
mary data base for further analysis.

The development of such analysis pro-
grammes highlights the degree of interac-
tion required between the experimenter and
the programmer both in the validation of the
results and the production of programmes
which are easy to use by the experimenter.

Work has also been done on setting up
data bases for both experimental and ad-
ministrative purposes. On the time sharing
computer this has been made possible
mainly by the increased disk capacity of the
computer.

The Library

Librarian: M. Delafield

The library has had another very active
year in supplying the bibliographic needs of
the research staff. Where possible,
subscriptions are taken to all journals whose
contents are applicable to current Institute
research. This reduces the necessity for
photocopy requests to other libraries which
may take 3-4 weeks to arrive. These outgo-
ing requests have steadily reduced in
number over the last four years — from 900
in 1981 to 600 in 1984,

A growing area of concern is the
gscalating cost of journal subscriptions
which now consume 80% of the library
budget. This rise is accentuated by the fall-
ing value of the Australian dollar. Subscrip-
tion maintenance and selection in the future
will thus be made more difficult. Mono-
graphs are also increasing in price. The
average price of a book purchased for the
library in 1984 was $77 compared to $68 in
1983.

Literature searches are conducted
regularly using computer facilities to access
the Medline data base in Canberra and to a
lesser extent the more expensive, but also
more extensive, Dialog Information Retrieval
Service in California.

The library again acknowledges the
great support and co-operation received
during the year from the Alfred Hospital
library and the University libraries of
Melbourne, Monash and Latrobe.
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Staff Activities

{0

Hypertension and Circulatory
Control Research Unit

Professor Korner attended the Interna-
tional Society of Hypertension Meeting, In-
terlaken, Switzerland in June 1984 and the
Milano Medicine Meeting in Milan, October
1984 where he spoke on ‘“‘Neural
Mechanisms in Human Hypertension”. He
has again served as a member of the
National Scientific Advisory Committee of
the National Heart Foundation. He is a
member of the Science and Industry Forum
of the Australian Academy of Science; and a
member of the Forward Planning Commit-
tee of the NH&MRC.

Dr. W.P. Anderson attended the Interna-
tional Congress of Nephrology Meeting in
Los Angeles in June 1984, He gave lectures
at Monash and Meibourne Universities and
was visiting tecturer at the University of New
England.

Dr. J. Angus attended the 9th Interna-
tional Congress of Pharmacology in London
in August 1984 and spoke in the inaugural
Debates on the Physiological role of auto-
inhibition in cardiac sympathetic transmis-
sion. He also spent one week at the Depart-
ment of Analytical Pharmacology — Kings
Coliege Hospital, Denmark Hill, London
followed by a week at the Biophysics In-
stitute, University of Aarhus, Denmark. In
October, he was invited to speak at the
Second Ferdinand Nedee Conference in
Corsendonc, Belgium. He served as a
member of the Regional Grants Interviewing
Committee (Sydney) of the NH&MRC.

Dr. Alex Bobik presented a paper on the
regulation of cardiac beta adrenoceptors by
cyclic AMP at the 9th International Congress
of Pharmacology, London (1984).

Dr. T. Cocks presented papers at the
International Congress of Pharmacology
London August (1984): the satellite meeting

on Neuroeffector mechanisms in Paris; the
Department of Physiology and Phar-
macology University of Rochester, Min-
nesota and to the Department of Phar-
macology, University of West Virginia, USA.

Dr. P.K. Dorward attended the meeting
of the International Society of Hypertension
in Interlaken (June 1984) and visited the
laboratory of Professor A.C. Barger, Harvard
Medical School speaking at the Combined
Hypertension Conference at the Brigham
and Women's Hospital (January 1985}.

Dr. M. Esler presented a paper at the In-
ternational Society of Hypertension, In-
terlaken, Switzerland June 1984. He
presented the Annual John Agar Memorial
Lecture, Geelong Hospital November 1984,
He co-ordinated the lectures on hyperten-
sion o final year medical students, Monash
University.

Dr. G. Jennings attended the Interna-
tional Society of Hypertension Meeting in In-
terlaken, Switzeriand June 1984 and the
American Heart Association Meeting in
Miami. He lectured to undergraduate and
postgraduate medical nursing and phar-
macy students.

Dr. E. MclLachlan attended the
Physiological Society Meeting, Cambridge
July 1984; the International Union of Phar-
macological Sciences Congress, London
August 1984 and the satellite Symposium
on Vascular Neuroeffector Mechanisms in
Paris. She wvisited Physiology and Phar-
macology Departments in the UK. and she
lectured to 2nd and 3rd year medical
students at Monash University.

Dr. R. Woads attended the Meeting of
the International Society of Hypertension in
Switzerland, the International Congress of
Nephrology in Quebec and a Symposium of
Neuropeptides and Blood Pressure Control
in Heidelberg.
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Cardiovascular Metabolism and
Nutrition Research Unit

The tragic death of Michael Reardon in
the second week of January 1985 has im-
mensely saddened his colleagues in the
Unit and left a void that will be very difficult
to fill. A tribute to him appears on page 95.

Two of our three Ph.D. scholars, Jeff
Bazelmans and Jeff Cohn have completed
their courses and will be the Unit’s first
Ph.D. graduates.

The Annual Meeting of the Australian
Atherosclerosis Society took place at the In-
stitute in 1984 and all senior scientific staff
members and Ph.D scholars presented
papers. Guest speaker was Professor
Richard Havel from San Francisco who was
also an external adviser to the Institute.
Members of the Unit are also closely involv-
ed in the Planning of the 7th International
Atherosclerosis Symposium in Melbourne in
October 1985.

Dr. P. Nestel was invited during 1984 to
present review papers dealing with diet,
hyperlipoproteinaemia and atheroscierosis
as guest of the Japanese Atherosclerosis
Society (Tokyo), the European Athero-
sclerosis Group (Perugia) and the Ninth
Annual Hugh Lofland Conference (San An-
tonio). He also presented a paper at the
American Heart Association Meeting in
Miami.

Professor Nome Baker, Professor of
Biochemistry at the University of California,
Los Angeles, spent three months’ sab-
batical leave in the Unit collaborating on the
fipoprotein  kinetic work. His stimulating
guidance in this difficult area was greatly ap-
preciated.

Dr. S. Turley visited the National In-
stitutes of Health in Bethesda and University
o Texas Health Science Centre in Dallas,
March 1984.

Cardiovascular Surgical Research
Unit

Professor J. Ludbrook attended the In-
ternational Society of Hypertension, In-
terlaken, Switzeriand, June 1984; visited
Tianjin, China on behalf of the Australian
Red Cross Society in November 1984. He
was appointed chairman, Australia Red
Cross National Blood Transfusion Commit-
tee, Member National AIDS Taskforce;
Member Board of the Royal Children’s
Hospital Research Foundation; Member
NH&MRC Regional Grant Interviewing
Committee and Assigners Panel; Member
NH&MRC Scholarships Committee.

Dr. R. Rosenfeldt was an invited speaker
at the Auckland satellite Symposium on Car-
diac Surgery held at Green Lane Hospital,
April 1984. He taught Monash Medical
students in cardiovascular surgery and car-
diac physiology.

Cell Biology

Dr. Julie Campbell presented a paper at
the 3rd International Symposium on Cell
Biology, Tokyo, August 1984; then at the in-
vitation of Professor She Mingpeng, Deputy
Director of the Institute of Basic Medical
Sciences, Beijing and the Chinese Depart-
ment of Health gave lectures and laboratory
demonstrations in Beijing, Hangzhou and
Shanghai, China, September 1984. She lec-
tured to 3rd year Science students and ran
practical sessions in the Department of
Anatomy, University of Melbourne. Dr. Julie
Campbell was President of the Australian
Atherosclerosis Group and organised the
Group’s 11th Annual Conference which was
held on 17 and 18 May at the Baker Institute
and attracted over 70 participants. Dr.
Richard Havel was the guest lecturer.



N

Seminar Programme

13 April Workshop. New Perspectives on
peripheral actions of catecholamines

Sources and Functions of
peripheral catecholamines

Actions of catecholamines
of large arteries and
resistance vessels

Mechanisms of action of
catecholamines on
arteriolar smooth muscle

Dr. C. Bell
University of Melbourne

Dr. J. Angus
Baker Institute

Dr. G.D.S.Hirst
Australian
National University

27 April Responses of central Dr. J.Lipski
respiratory neurones to Australian
excitation of peripheral National
chemoreceptors University

1st June Workshop. Ca* + Antagonists
Pharmacology of calcium Dr. W. Nayler
agonists and antagonists Austin Hospital
Calcium antagonism in Dr. G.D.S.Hirst
arterioles Australian National

University
Clinical efficacy and Dr. J.Horowitz
pharmacokinetics of Austin Hospital
calcium antagonists
Calcium antagonists — a Dr. A. McLean
sceptic’s view Alfred Hospital
6th July Workshop. Protein

Structure and Function

Specificity of High Density
Lipoprotein Cell Receptors

Dr. N. Fidge
Baker Institute
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22nd July

Variation in the three
dimensional structure of

influenza virus proteins and its role in

influenza epidemics

Amino acid composition of
antigenic determinants:
implications for a
mechanism of neutralization
of biological function

Unusual repeat structures
in malaria antigens

Current approaches to
microsequencing of
proteins using gas phase
sequence technology

Workshop. Exercise

Adaption of skeletal
muscle for physical
exercise

Disturbances to the
circulation and their
control during
exercise

CNS control of muscle
performance and
co-ordination

How much exercise? The
Baker Institute study

Hormones and Fuels during
exercise

A controlled trial of
exercise after
myocardial infarction

Dr. P.Colman
C.S.1R.O.

Dr. H.M.Geysen
Commonwealth
Serum
L.aboratories

Dr. R. Anders
Walter & Eliza Hall Institute

Dr. R. Simpson
Ludwig

Institute for
Cancer Research

Assoc. Prof.
M. Gould
Monash University

Prof. J.
Ludbrook
Baker
Institute

Dr. M. Horne
Alfred
Hospital

Dr. G. Jennings
Baker Institute

Dr. P. Nestel
Baker Institute

Dr. A. Goble
Austin
Hospital
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3rd August

Workshop. Studying the heart in health
and disease.

Cardiac cells in culture

The papillary muscle

The blood-perfused
isolated working rat
heart in vitro

The isolated supported
dog heart operation

Models of the effect of
ageing on the heart

Models of hypertension
and cardiac hypertrophy

Pitfalls in the use of
animat models to study
the heart

14th September Why do we have

glucocorticoid hormones

24th September The development of

synapses

28th September Homocystinuria — a

5th December

non-lipid model of human
vascular disease

Omega — 3 fatty
acids, their relation
to epidemiology of
acute myocardial
infarction and their
biological role in
prevention cardiology

Dr. J. Campbell
Baker Institute

Dr. C. Gibbs
Monash University

Dr. D. Topping
C.S1R.0.

Dr. M. Rabinov
Baker Institute

Dr. D. Topping
C.S.IRO.

Prof. P.Korner
Baker Institute

Dr.F.Rosenfeldt
Baker
Institute

Dr. J.Funder
Prince Henry’s Hospital

Prof. M.Bennett
University of Sydney

Dr.D. Wilcken
Prince Henry’s
Hospital, Sydney

Dr.J. Dyerberg
Halborg
Hospital,
Denmark
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Baker Institute Award

Mr. Darren Baillieu was presented with
the Baker Award by Mr. John Habersberger
at a small ceremony at the Baillieus’ home
on 15th May 1985. The ceremony was at-
tended by Mr. Baillieu’s family, Board
Members and a number of staff.

The Baker Award is presented infre-
quently to individuals whose efforts on

behalf of the Institute go beyond anything
which might be expected of them through
their formal association with the Institute.
This was only the second occasion on which
the Award has been made. Mr. Baillieu was
a Trustee of the institute for approximately
twenty five years and was instrumental in
raising funds for the building of the
Institute’s present premises.

-

Mr. John Habersberger presents the Baker Award to Mr. Darren Baillieu (right). In the background are Mrs. Baillieu

with Dr. T. Lowe, a former Director of the Institute.
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In Memoriam

Sir John Reid

On the 31st December 1984 the Baker
Institute suffered a grievous loss by the
death of its former board member Sir John
Reid.

“Jock” became interested in the work of
the Institute nearly twenty-five years ago
and in 1977 became a member of a small
advisory committee of businessmen ap-
pointed {0 assist the Trustees of the Institute
in their current administration and long
range planning. He brought his long
experience of business affairs and sound
judgment to bear on the problems facing
the Institute particularly in financial
planning.

Jock saw the need to change the
structure of the Institute and played a
leading role in the initiatives taken to
constitute the Institute as a separate legal
entity under its own Act of Parliament.

This was done in 1980 and Jock became
one of the first directors of the reconstituted
Baker Medical Research Institute. For the
next four years Jock served as a director
with dedication and enthusiasm. His advice,
always given with courtesy and under-
standing, had a significant influence on the
development of the Institute under its new
structure.

Jock followed closely the research pro-
jects undertaken by the members of the
Institute’s staff and his personal interest did
much to build morale.

Jock’s contribution to the Institute can-
not be over estimated and his death is a
great loss.

J.C. Habersberger

Mr John Milne

John Milne was Treasurer of the Baker
Institute for two years from 1982 to 1984. He
was also Managing Director of the Australia
and New Zealand Banking Group Limited
at the time of his death which culminated a
dedicated career with ANZ that spanned 45

years. During the last four years of his life as
ANZ Group’s Chief Executive, he presided
over the Group’s significant growth and
diversification into a major financial insti-
tution of world standing.

His contribution to the Baker Institute
was also outstanding and as Treasurer he
selflessly offered the Institute his business
and professional acumen with dedication
and commitment.

We will sadly miss but long remember
John’s friendship and contribution in
making the Institute one of Australia’s
leading medical research establishments.

L. M. Muir

Dr. Michael Reardon

Michael Reardon’s death on January 8
at the age of 35 greatly saddened his many
friends at the Institute. Since joining the
staff in 1976, he had contributed greatly to
the warm esprit de corps which prevails at
the Baker. His enthusiastic involvement in
scientific, social and administrative affairs
and his humane and compassionate views
on life are sorely missed.

He was one of the Canberra group and,
like myself, transferred from the John
Curtin School of Medical Research to
continue our research work here at the
Baker. He obtained his Ph.D on the subject
of lipoprotein metabolism at the Australian
National University. As a Post-Doctoral
Fellow, he spent the following two years in
Toronto continuing his lipoprotein studies
and arrived at the Institute at the end of
1976. He quickly gained an international
reputation in his field and made very many
friends overseas.

Michael's tragic death has deprived us of
a close friend and a fine scientist who was
just reaching his peak.

Paul J. Nestel
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Community Health Services

Heart Risk Evaluation

Summary of Preliminary Analysis

During 1983, the Risk Clinic at the In-
stitute participated in the Second National
Heart Foundation’s National Survey of car-
diovascular risk factors. The results have
only just been analysed and give a com-
prehensive picture of the ‘‘average”
Australian adult. At the Institute we examin-
ed about 1000 people of the 7600 screened
throughout Australia.

Blood pressure

According to the study's definition,
about 1 in & men and 1 in 8 women were
found to be hypertensive. 50% of men and
66% of women found to be hypertensive
were currently taking tablets for raised blood
pressure. 8% of men and 4% of women had
diastolic blood pressures of 95 mmHg or
more and were not on tablets.

A diastolic blocd pressure of 95 mmHg
or more was found in 11% of men and 6%
of women whether they were on tablets for
raised blood pressure or not. Of those who
said they were on tablets for blood pressure,
2in5menand 1in 5 women had a diastolic
blood pressure of 35 mmHg or more.

Blood cholesterol and triglycerides

19% of men and 21% of women (not
taking the oral contraceptive pill) had
plasma cholesterol levels of 6.5 mmol/l or
more.

12% of men and 6% of women {not tak-
ing the oral contraceptive pill) had plasma
triglycerides of 2 mmol/l or more.

Smoking
32% of men and 25% of women said
they were current cigarette smokers.

45% of men and 39% of women who
had smoked regularly said they were no
longer smoking.

The average amount smoked daily was
21 cigarettes tor male smokers and 16 for
female smokers.

Multiple major risk factors: High blood
pressure, high blood cholesterol and
cigarette smoking.

Almost 50% of men and 42% of women
had at least one of the three major risk fac-
tors.

11% of men and 7% of women had two
or three major risk factors, the prevalence
generally increasing with age.

Overweight and obesity

1in 2 men aged 35 years and over and 1
in 2 women aged 50 years and over were
overweight or obese,

In every age-group, men had a higher
prevalence of overweight or obesity than
women. This difference was more marked in
the younger than in the oider age-groups.

Exercise
1in 10 men and 1 in 20 women exercise
at a level commonly believed to confer a
“training effect’”’ on the heart and lungs.
About a half of men and women said
they had walked for recreation in the
preceding 2 weeks.

Alcohol

88% of men and 75% of women said
they drank alcohol, the proportion of
drinkers being lower in the older age-
groups.

When younger adults drank they drank
more heavily than the older age-groups,
although they were likely to drink less fre-
quently.

9% of all men and 6% of all women
were classified as intermediate or high nsk
drinkers.



97

Australian Nutrition
Foundation

The office of the Victorian Division is
situated at the Baker Institute.

An abundance of food and relative af-
fluence in the Australian community does
not guarantee good nutrition for everyone. In
fact, many common diseases are nutrition-
related. These diseases include obesity,
heart disease, high blood pressure, stroke,
gall bladder disease, non-insulin dependent
diabetes, certain cancers, food intolerance
and tooth decay.

To promote the health of Australians the
Commonwealth Department of Health has
adopted a Food and Nutrition Policy which
includes the following dietary guidelines:

1) Choose a nutritious diet from a variety of
foods

2) Control your weight

3) Avoid eating too much fat

4) Avoid eating too much sugar

5) Eat more breads, cereals (preferably
wholegrain), vegetables and fruits

6) Limit alcohol consumption

7) Use less salt

8) Promote breast feeding

The Victorian Division of the ANF is tak-
ing an active part in a joint project together
with the Health Commission of Victoria and
the Department of Agriculture to support
these quidelines and towards making
healthy food choices easy choices.

Services include:
*The ANF Newsletter
*Nutrition Information Sheets
*Books and Booklets
*Posters
" Dial-a-Nutrition Talk (03) 520 2197 (24 hour
service)
*Dial-a-Dietition for Nutrition advice
Tuesdays 2pm — 5pm on (03) 596 5352
*Lectures, Forums and Seminars
*Articles for professional and consumer
publications
*Expert advice for consumers and the
media
*Co-operation with other organisations such
as consumer groups and professional
associations
The Australian Nutrition Foundation is a
voluntary, independent community service
organisation dedicated to providing a source
of up-to-date, accurate information about
food, nutrition and health.
Mrs. Lydia Nestel is the Executive
Officer of the Victorian Division
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Financial Report
|

BAKER MEDICAL RESEARCH INSTITUTE

Year ended 31 December 1984

Income and Expenditure at a glance

INCOME DERIVED FROM THE
FOLLOWING SOURCES:

1983 1984
000's % 000s 9%
442 15 Baker Benefactions 562 16
1230 41 Government Grants — 1439 42
Commonwealth
201 7 Government Grants — 183 5
Victorian
153 5 Non-Government Grants 253 8
498 16 Donations 546 16
515 16 interest from Investments 449 13
and Sundry Income
30392 100 3432 100

EXPENDITURE DISTRIBUTED

AS FOLLOWS:

1983 1984
000's % 000’s %
1865 62 Salaries & Wages 2166 62
716 24 Scientific EQuipment and 832 24
Laboratory Supplies

292 10 Essential Services 346 10
112 4  General & Administration 128 4
2985 100 3472 100

EC‘UWMEN‘ &

DONATIONS

LCENTIFIG

ABOHATORY
A ES
FER
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BAKER MEDICAL RESEARCH INSTITUTE

1983

(89,026)
213,616
105,257

$229,847

1,483,376

$1,483,376

220,246
88,713
3,489

38,458
4,852

$355,758

These accounts should be read in conjunction with the notes on page

Balance Sheet at 31 December 1984

ACCUMULATED FUNDS
AND LIABILITIES
OPERATING FUND

Accumulated (deficit)

Bank overdraft

Sundry creditors & Accrued Expenses
Provision for leave entitlement

ENDOWMENT FUND
Accumulated fund — Page 103

RESEARCH SCHOLARSHIPS AND
OTHER FUNDS

Restricted Fund — Page 103

Edgar Rouse Memocrial Fellowship
fund — Page 104

Laura Nyulasy Scholarship Fund —
Page 104

William Buckland Research Fund —
Page 104

Lang Research Scholarship Fund

1984

(343,543)
199,634
61,401
249,703

$167,195

1,580,610
$1,580,610

116,461
101,589
3,828

38,456
4,852

$265,186
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1983

300
38,733

176,753

14,061

$229,847

202,550
194,612
387,865
138,500

923,527

81,678
239,000

239,050
559,728
121
$1,483,376

4,852
308,926

313,778

ASSETS

OPERATING FUND ASSETS
Cash on hand

Sundry debtors & prepayments
Short term deposits held by the
Institute

Cash held by ANZ Executors &
Trustee Co.

ENDOWMENT FUND ASSETS
Investments (at cost)

Held by the Institute

Govt & semi-government stock
Shares & debentures in companies
Short term deposits

Mortgage loans

Held by ANZ Executors & Trustee
Co. Ltd.

Govt & semi-government stock
Shares & debentures in companies
Trust units

Short term deposits

Mortgage loans

Cash at bank

RESEARCH SCHOLARSHIP AND
OTHER FUND ASSETS
investments (at cost)

Held by the Institute

Shares in companies

Short term deposits

Held by ANZ Executors & Trustee
Co. Ltd.

Shares in companies

Trust units

Short term deposits

Cash at bank

202,550
345,064
259,114

118,200

25,581
73,304
340,824
10,461

202,500

8,253
32.928

1,103

1984
300
70,955
95,940
$167,195
924,928
655,670
12
$1,580,610
4,852
219,868
224,720
42 284
(1.818)

$265.186
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BAKER MEDICAL RESEARCH INSTITUTE

1983

1,865,027
287,518
263,273

42,197
17,859
40,044
79,432
32,400
74,402

50,000
58,301
10,202

2,717
99,294
25,927
30,395

6,212
53,952

$3,039,153

53,952
(142,978)

(89,026)

Year Ending 31 December 1984

STATEMENT OF MOVEMENT IN
ACCUMULATED FUNDS

OPERATING FUND — EXPENDITURE
Salaries & wages

Laboratory supplies & isotopes
Additional equipment & building costs
Library maintenance

Postage & telephone

Printing & stationery

Light & power

Insurance

Repairs & renewals

Animal house contribution
Collaborative grant — NH & MRC programme
Travelling expenses

Public relations

Stanhope Court

Fundraising expenses

Sundries

Clinical services

Data processing

Surplus for year

Surplus/(Deficit) for year
Accumulated deficit as at 1 January 1984

Accumulated deficit as at 31 December 1984

1984

2,165,745
281,571
421,942

43,137
18,847
37,252
84,973
45,879
62,351
10,032
50,000
70,091
11,257
117,014
32,563
16,250
2,874

$3,471,778

(40,049)

*(303,494)
(343,543)

The accumulated deficit as at 1/1/84 includes annual leave and long service leave entitlements for

all periods prior to 1984. In previous years, staff entitlements were not provided for, but were indi-
cated in the notes to and forming part of the accounts.
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1983

11,569
430,000

441,659

51,000
1,230,079

94,070
8,000

1,383,149

9,500
2,800
201,000

125
10,000
32,457

255,882

3.421
246,553

249,974

269
165,331
45,327

210,927
(443,700)

497,652

$3,039,153

DONATIONS FROM BAKER
BENEFACTIONS

Statutory amount

Transfers from Endowment Fund

GRANTS-IN-AID OF RESEARCH
PROJECTS

Life Insurance Medical Research Fund
of Australia and New Zealand
National Health & Medical Research
Council

National Heart Foundation of
Australia

Australian College of Surgeons
Alfred Hospital

OTHER GRANTS

The James & Elsie Borrowman
Research Trust

The Willtam Buckland Research Fund
Victorian State Government

The Laura Nyulasy Research
Scholarship Fund

Clive & Vera Ramaciotti Foundation
Merck Sharpe & Dohme

INCOME FROM INVESTMENTS
Held by the Trustees of the Baker
Institute Grant Trust

Other investment income

OTHER INCOME

Rentals

Sundry saies, recoveries & refunds
Clinical services

Deficit

PUBLIC & CORPORATE
DONATIONS
{Net of Tranfers)

Deficit for year

11,569

550,000

17,000
1,439,359

110,463

80,045

9,500
4,000
183,500

125
30,621

5,097

274,546

119,959

49,454

1984

561,569

1,646,867

227,746

279,643

169,413
(586,540)

546,491
(40,049)
$3,471,778
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BAKER MEDICAL RESEARCH INSTITUTE

1983

1,238,610
594,691

1,445
121

526

213,301
570,084
2,048,694
92
430,000

4,173
131,053

565,318

1,483,376

154,955

11,569
165,717
15,311
1,500

194,097
223,993

11,569
106,561
10,676

128,806

$220,246

Year Ending 31 December 1984

STATEMENT OF MOVEMENT 1984
IN ACCUMULATED FUNDS
ENDOWMENT FUND

Balance at 1 January 1984 1,483,376
Donations — Baker Benefactions 593,605
T.E.&A. recovery 2,269
Adjustment to investments —
interest 33
Profit on sale of shares & redemption
of stocks 101,274
Sale of motor vehicle 5,500
Profit on sale of Stanhope Court units —
702,681
2,186,057
Bank charges 30
Transfer to Operating Fund 550,000
TE&A write off —
Building maintenance & renovations 29,673
Cost of motor vehicles 24,306
Brokerage fees 1,438
605,447
Balance as at 31 December 1984 —
Page 99 1,580,610
RESTRICTED FUND
Balance at 1 January 1984 220,246
Baker Benetfactions — Statutory
amount 11,569
Donations 119,500
Investment income & bank interest 11,112
Transfer from Operating Fund 11,452
NH & MRC Grant — Turley 1985 22,333
175,966
396,212
Transfer to Operating Fund
Baker Benefactions statutory
amount Page 102 11,569
Donations, Grants & Other income 129,842
Payments 138,227
Bank charges & Federal Tax ) 113
279,751
Balance at 31 December 1984 —
Page 99 $116,461

NOTE: tncome received from Endowment Fund investments is credited direct to the Operating Fund.
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1983

86,193

2,224
10,280

12,504

98,697
8,361
1,623

$88,713

3,339
330

330
(180)

(180}
$3,489

32,661
5797

$38,458

RESEARCH, SCHOLARSHIP

& OTHER FUNDS

EDGAR ROUSE MEMORIAL
SCHOLARSHIP FUND
Balance at 1 January 1984

Donations
Investment income & bank interest
TE&A recovery

Payments
Loss due to TE&A liquidation
Federal tax

Balance at 31 December 1984

LAURA NYULASY SCHOLARSHIP
FUND

Balance at 1 January 1984

Investment income
TE&A recovery

Loss due to TE&A hquidation
Payments
Adjustment

Balance at 31 December 1984

WILLIAM BUCKLAND RESEARCH
FUND

Balance at 1 January 1984
[nvestment iIncome

Payments

Balance at 31 December 1984

1984
88,713
8,798
11,113
883
20,794
109,507
7,913
5
7,918
$101,589
3,489
499
215
714
150
225
375
$3,828
38,458
4,208
4,210

$38,456
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Baker Medical Research Institute

NOTES TO AND FORMING PART OF THE ACCOUNTS
FOR THE YEAR ENDED 31 DECEMBER 1984

1. INCORPORATION

On 1 August 1980, The Thomas Baker,
Alice Baker and Eleanor Shaw medical
Research Institute was incorporated as the
“Baker Medical Research Institute” under
the Baker medical Research Institute Act
1980. At this date the assets and liabilities of
the original Institute were vested in the new
Baker Medical Research Institute at book
value.

2. STATEMENT OF ACCOUNTING
POLICIES

The accounting policies of the Institute,
which are consistent with those applied in
the previous years, are as follows:

(a) Historical Cost

The accounts of the Institute are
prepared on the basis of historical cost and
unless otherwise stated do not take into ac-
count the effect of changing money values
or current valuations of non-current assets.

(b) Institute Funds, Income and Expen-
diture

The work of the Institute is financed from
grants, endowments, donations and be-
quests of both general and specific natures.
Income is taken to Restricted Funds where
the terms of any relevant convenants apply
to that income.

Income from investments (except in-
terest on short term deposits) is accounted
for on a cash basis.

Income from donations is accounted for
on a cash basis.

Other income and expenditure is ac-
counted for on an accrual basis. Any
deficiency arising therefrom is carried
forward in the Operating Fund.

(c) Capital Expenditure and Depreciation

Capital expenditure made by the in-
stitute in respect of buildings, furniture and
equipment in present and past periods has
been charged against appropriate funds,
grants or revenue accounts and expensed
in the period in which it was incurred.

Accordingly, no depreciation charge
appears in the Institute's accounts.

The insurance cover of such ac-
cumulated capital expenditure, including
buildings, to 31 December 1984 was
approximately $7,500,000.

3. INVESTMENTS —
ENDOWMENT FUND

The market value of shares in com-
panies listed on the Australian Stock Ex-
change at 31 December 1984 was $608,567
(1983 $755,165).

Investments managed by the ANZ Ex-
ecutors & Trustee Company Limited are in-
cluded in the balance sheet of the Institute
in accordance with statements provided by
the custodian company, giving details of the
Institute’s entitlements in securities held by
the custodian company in its own name.

4. STAFF ENTITLEMENTS

In prior years the Institute did not provide
for long service leave or holiday pay in the
accounts.

For the year ended 31 December 1984,
liabilities have been raised in the accounts
for holiday pay $213,418 (1983 $179,529 not
provided for) and long service leave $36,285
(1983 $34,940 not provided for). Adjust-
ments have been made to the Operating
Fund for the prior year to reflect the liabilities
at 1 January 1984.

5. CONTINGENCY LIABILITY

A contingent liability exists where the In-
stitute has indemnified a former staff
member in a libel action brought against him
in circumstances where he was represen-
ting the Institute. The action is presently
pending and it is the opinion of the solicitors
of the Institute and the Board of Manage-
ment that the result of this action cannot be
assessed at this time.
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Donations 1984

Victorian State Government

E.E. Stewart Trust

Anonymous

Utah Foundation

lan Potter Foundation

Allan Williams Trust

Sterling Pharmaceuticals

Felton Bequest

Appel Family Bequest

Windemere Hospital Foundation

Kodak (Aust.)

Felton Bequest

Roche

ANZ Banking Group

Commonwealth Banking
Corporation

William Angliss Charitable
Fund

George Thomas & Lockyer
Potter Trust

BHP Co.

Esso Australia Ltd.

Perpetual Trustees

Percy Baxter Charitable Trust

Collier Charitable Foundation

Executors & Trustee Co.

Mr. R.M. Sykes

American Home Assurance

Marian & E.H. Flack Trust

183,500

39,389
30,000
19,415
12,500
11,000
10,000
9,100
8,000
8,000
7,500
7,000
6,000
5,000

5,000
5,000

5,000
5,000
5,000
5,000
4,000
3,000
3,000
3,000
2,500
2,500

The Late Edward Wilson Foundations

of the ANZ
ICl Australia Operations
E.B. Meyer Charity Fund
William Paxton Fund
Westpac Banking Corporation
Reckitt & Coleman
National Australia Bank
B.S. Robbins Nurseries Pty. Ltd.
Bell Charitable Fund
P.l. & J.M.N. Korner
Robert Bosch (Aust.) Ltd.
ACI Australia
APM Ltd.
Allied Milis Industries Pty. Ltd.
Blue Circle Southern Cement
Geoff Brady Motors
Brambles Industries Ltd.
David Bruce Cookes
CRA Services Ltd.
Caltex Qil (Aust.) Pty. Ltd.

2,500
2,000
2,000
2,000
2,000
2,000
2,000
2,000
1,500
1,500
1,200
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000

Chamber of Manufacturers Ins. Ltd. 1,000

Ciba Geigy
G.J. Coles & Co.

1,000
1,000

Comalco

Containers Packaging

The Danks Trust

Mr. A. Douglas

Mr. L.J. Fitzgerald

George Weston Foods

Herald & Weekly Times Pty. Ltd.
Invicta Group Industries

Jacy Holdings (Aust.) Pty. Ltd.
James N. Kirby Foundation
Leighton Holdings
McCaughan Dyson & Co.
Nicholas Kiwi Pty. Ltd.

North Broken Hill Holdings Pty. Lid.

Potter Partners

Red Tulip Chocolates Pty. Ltd.
Riteway Supermarkets

Royal Insurance Aust. Ltd.
Santos Ltd.

Sir Donald & Lady Trescowthick
Estate of Mrs. Anna White

H.P. Williams Estate

ldaps Australia Pty. Ltd.

Sir James McNeill

E.M. MclLachlan

Mr. & Mrs. J.C. Habersberger

Mr. R.G. Ansett

Australian Guarantee Corporation
Australian Nutrition Foundation
Ballarat Courier

Blake & Riggall

Bunge Australia Pty. Ltd.

Carlton United Breweries
Commercial Union Assurance Co.

Commonwealth Dyers Association

Construction Engineering
Crawford Productions
Dalgety Holdings (Aust.)
Gordon & Gotch Pty. Ltd.
William Heath Trust
Hooker Corporation

Mrs. |. Hunter

Joubert & Joubert

Linfox Transport Group
Moore Paragon

Pierce Armstrong Foundation
H.J. Reece Pty. Ltd.

Mrs. Beth Smith

Mr. H.E. Towers

H.J. Reece Pty. Ltd.
Bunge Australia Pty. Ltd.
Gordon & Gotch Pty. Ltd.
Pacemaker Set

1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
1,000
750
750
650
540
500
500
500
500
500
500
500
500
500
500
500
500
500

500
500
500
500
500
500
500
500
500
500
500
500
500
475
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George F. Little Settlement
Dr. V.V. Bower

Mr. Fusspots Dry Cleaners
Mrs. M.C. Volum

Witchery Pty. Ltd

Mr. J. Mair

Budget Rent-A-Car

Mr. F.K. Alfredson

Colgate Palmolive Pty. Ltd.
Coopers & Lyband

Mrs. A. Dickason

Mr. V. Flynn

Falk Hanneman

Miss E.C. Hanson

Lily Industries

Mr. W.D. McPherson
Partnership Pacific Ltd.
Mr. E.A. Richards

Mr. A. Stickland

Air International

Alliance Holdings Ltd.
Australian Anglo American
E.L. & C. Baillieu

Mrs. A.L. Bottomley

Billy Guyatts

Cadbury Schweppes Pty. Ltd.
Capel Court Corportion
Containers Packaging

Mr. R. Croft

Custom Credit Corporation
Mr. K. Eisner

Mr. L. Janover

Johnson & Johnson

Lane Motors

Lantor of Australia
Malcolm Moore Pty. Ltd.
Meldrum, Burrows & Partners
Monier Ltd.

Monsanto

Sir Laurence & Lady Muir
Mr. F. Murphy

Repco Ltd.

Reserve Bank of Australia
Shell Co. of Australia
Tubemakers of Australia
Mr. H.E. Vivian

Wilkinson Sword Group
Wiretainers Pty. Ltd.

A.A. Wright Pty. Ltd.

Late George Adams Estate
Mrs. H. Allan

Australian Reinsurance Go. Ltd.
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Clinical Research Unit
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PI. Korner, M.D., BS., M.Sc., FRACP,
FAA.

Deputy Director
PJ. Nestel, M.D,, BS.,, FRACPF

Associate Director
J. Ludbrook, M.D., Ch.M., D.Sc,,
B.Med.Sc., FR.ACS., FRCS.

Medical Staff

PA. Blombery, M.B., BS., B.Sc.(Med.),
Ph.D., FR.AC.P. Vascular Physician

A. Broughton, M.B., BS,, Ph.D., FR.AC.P.
Assistant Physician

M.D. Esler, M.B,, BS., B.Med Sci., Ph.D,,

FRACP
Assistant Physician

G. Hasking, M.B., BS,, FR.ACP.
Assistant Physician

G.L. Jennings, M.D,, BS., M.RC.P(U.K}},
F.R.AC.P. Staff Physician

A. Lim, M.B,, BS., FR.AC.P. Assistant
Physician

Biochemical Pharmacology Laboratory

A. Bobik, Ph.D.(Syd.), M.Sc., B.Pharm.
Officer-in-Charge

G. Jackman, Ph.D.(Lond.), B.Sc,,
ARACI, ARCS.

P Little, Ph.D.(Syd.), M.Sc., B.Pharm.

Scientific and Technical Staff
. Bruce, SRN
. Burton, B.Sc.(Hons) (to February, 1985)
. Dewar, B.Sc.
. Mill, B.Sc.(Hons)
. McKenzie
Nelson, B.Sc.
. Oddie, M.Sc.
. Rowlands, B.Appl.Sc.
P. Scott, B.App!.Sc.
H. Skews, B.Sc.(Hons)
J. Snell, M.Pharm.

rorromor
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R. Chuang

Registrars

S. Purser, M.B., BS.

D. Mutimer, M.B., BS

J. Sasadeusz, M.B.,, BS.
J. Waterston, M.B.,, B.S.

Residents

N. Ferris, M.B., BS.

E. Redmond, M.B,, BS.
N. Levick, M.B., BS.

P. Braun, M.B., BS.

M. Siddins, M.B., BS.

Laboratory and Ward Sister
S. Scealy, SBRN

Hypertension Clinic Sister
M. Henderson, SRN

Charge Nurse Ward 2A
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C. Harwood

Projects
Redevelopment of essential hypertension
after cessation of long term therapy.

Circulatory fitness in man.

Pathogenesis and therapy of congestive
heart failure.

Echocardiographic analysis of cardiac
dimensions and contractility.

Assessment of sympathetic function in man.

Summary

Work is centred upon the mechanisms,
prevention and treatment of the common
cardiovascular diseases in man. Much of our
recent effort has been in the field of hyper-
tension and how this can be influenced by
regular exercise.

We used a new approach to investigate
the cardiovascular “benefits” of exercise.
There is a strong feeling that exercise helps
prevent heart disease, but there is little hard
data on the longterm effects of exercise, the
mechanism involved, or of the amount of ex-
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ercise required to achieve benefit. Normal
volunteers were studied at the end of one
month periods at 4 different randomised lev-
els of activity chosen to represent: (i) minimal
activity (including a period in hospital), (ii)
sedentary activities, (iii) “social” exercise (40
minute periods on an exercise bicycle 3
times weekly), (iv) “competitive” level (daily
40 minute exercise periods). From our meas-
urements of changes in major cardiovascu-
lar risk factors, haemodynamics, metabolic
and hormonal factors at each level of activi-
ty we hoped to form conclusions on the long-
term effects of exercise on the circulation and
metabolism and about the amount required
to improve cardiovascular health. We found
that the benefits of exercise included a fall
in biood pressure and cholesterol, reduction
in the activity of the sympathetic nervous
system and improved glucose utilization.
Most of these changes were evident after
three times weekly exercise with only small
additional benefit when exercise was per-
formed seven times each week.

In view of the unequivocal and substan-
tial effect on blood pressure we have now
entered a group of patients with essential
hypertension into a study of similar design.
Preliminary results suggest that in hyperten-
sion there is a similar fall of 10-20 mmHg as
in normal subjects. The fall is associated with
a reduction in vascular resistance and in
plasma noradrenaline, which is a measure
of activity of sympathetic nervous system. It
is clear that the value of using exercise to
help in the therapy of hypertension has been
underestimated. We do not yet know the
mechanism for the fall in blood pressure
although we have evidence that changes in
sympathetic activity is involved. The results
of these studies are now being applied and
a large number of patients with mild and bor-
derline hypertension attend our laboratory for
an exercise program supervised by Lisa Nel-
son. Their results will help to clarify the value
of exercise in management.

A new Cardiac Ultrasound and Doppler
machine was purchased through the Ethel
Mary Baillieu Fund and has had a major im-
pact on our work. We can visualize the heart
and the thickness of the muscle of its vari-
ous chambers. After drug treatment the
degree of reversal of left ventricular thicken-

ing is important in determining the rate of
redevelopment of hypertension when the
drugs are stopped in patients who have been
treated for several years. With good rever-
sal we may in future be able to select pa-
tients whose blood pressure can be main-
tained without drugs at normal levels. We are
now searching for drug combinations which
will not only result in good control of blood
pressure, but which will reverse the structural
changes in the heart and blood vessels as
rapidly as possible. The new machine has
been invaluable in our studies of cardiac
failure and exercise. It also allows visualiza-
tion of atherosclerasis of the carotid arteries,
an important cause of stroke. Dr. Eljas Laufer
has assisted greatly in this work.

Effects of Exercise on Cardiovascular
Risk

L. Nelson, G. Jennings, M. Esler, D. Burton,
P. Neste!l, J. Bazelmans, P Korner

We have studied four levels of activity in
randomised order in 12 sedentary normal
subjects. Activity levels, each of one month’s
duration, were (i) a period of minimal activi-
ty, (i) normal sedentary activities, (i) 40
minutes at 60-70% of maximum work capac-
ity (Wmax) on a bicycle ergometer thrice
weekly and (iv) similar exercise daily. At the
end of each month we measured heart rate,
blood pressure and systemic haemodynam-
ics and assessed sympathetic nervous ac-
tivity and insulin sensitivity, lipids and vari-
ous hormones. The measurements were
performed 48 hours from the end after each
activity.

Minimal activity, which included two
weeks in hospital, had only minor effects on
heart rate, blood pressure, haemodynamics
and noradrenaline “spillover” rate, but im-
paired glucose utilisation by significantly
reducing insulin sensitivity.

Exercise three times/week lowered rest-
ing blood pressure by 10/7 mmHg (P < 005)
due to reduction in total peripheral resistance
(P < 001). Similar haemodynamic changes
were observed with the daily exercise sched-
ule. After exercise at the rate of 3 times/week
there was a significant increase in insulin
sensitivity (29%, P < 0.05), but the latter
declined significantly on the 7 times/week
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schedule. Total plasma cholesterol was
reduced after daily exercise, but no changes
were observed in triglycerides or HDL
cholesterol.

Increased physical activity thus induced
several favourable reductions in cardiovas-
cular risk. The major benefit on blood pres-
sure was similar with the 3 times/week and
7 times/week exercise schedules. But the
metabolic benefit declined on the 7
times/week schedule, suggesting that max-
imum benefit may be associated with moder-
ate exercise at the rate of 3-4 times/week

Does Treatment of Hypertension
Normalise Left Ventricular Mass?
G. Jennings, E. Laufer, G. Hasking
Antihypertensive therapy prevents the
development of left ventricular hypertrophy
(LVH) in animals with various types of ex-
perimental hypertension. Similarly, clinical
Studies have shown reduction in LV mass
determined echocardiographically, but there
is little information on the extent to which

Lisa Nelson and Dr. Garry Jennings calibrating the exercise equipment.

treatment can restore LV mass to normal.

We have measured LV mass in 30 nor-
mal subjects (age 17-55 years) and com-
pared the results with those in 11 subjects
with essential hypertension (age 29-64 years)
who had received antihypertensive therapy
(beta blocker + diuretic) which had lowered
their blood pressure to < 160/30 mmHg on
each clinic visit for at least 2 years. The
drugs were then stopped and we monitored
the redevelopment of hypertension and the
changes in cardiac wall dimensions over the
subsequent 3 months. LV mass was meas-
ured by two dimensionai echocardiography,
using the average measurements obtained
by three “blinded” observers.

We found that LV mass of the normal
subjects was significantly related to age and
body surface area (BSA} by the relationship:
LV mass = 1845 BSA — 0.77 age — 88.17,
r = 0.73, P < 0.001. But no correlation could
be demonstrated with resting blood pressure,
family history of hypertension or habitual
level of activity.
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The recovery of BP after stopping therapy for
hypertension after 4 weeks (upper), 1 year {middle)
and a longer period (lower). With increasing duration
of effective BP control, hypertension returns more
slowly, reflecting better reversal of the secondary
effects of hypertension on the circulation.

fn 511 patients with hypertension, LV
mass was within 10% of the value predict-
ed by the formula obtained in normal sub-
jects. This subgroup of patients had received
effective antihypertensive therapy for 5 years
or longer, but the 6 patients in whom LV
mass was > 10% above the predicted value
had been treated for only 1-4 years. We
found that LV mass was significantly related
to total peripheral resistance after autonomic
blockade (r = 068, P < 005), which is a
measure of smooth muscle tone and is
elevated in hypertrophy of the peripheral vas-
culature associated with hypertension. There
was also a significant correlation between LV
mass at the end of therapy and the systolic
blood pressure observed 3 months after
stopping therapy (r = 072, P < 001).

Over the 3 months off therapy, average
supine blood pressure rose by 14/7 mmHg
(both P < 0.05). There was a greater rise in
standing blood pressure which averaged

21/16 mmHg (both P < 001). However, LV

mass did not increase over this period.
Thus, patients with essential hyperten-
sion, which has been well treated for > 5

years, LV mass is closely similar to that of
normotensive subjects of the same age and
BSA. But in patients treated for shorter
periods LV hypertrophy is usually still
present. The amount of residual cardiac
hypertrophy is a useful clinical measurement
and is more direct than measures of hyper-
trophy of the peripheral vasculature. It ap-
pears to be an important determinant of the
rate of redevelopment of hypertension on
stopping therapy. It may be of value in rela-
tion to predicting outcome of non-drug treat-
ment of hypertension, such as regular exer- -
cise, at the end of a period of drug therapy.

How Hypertension Redevelops After
Cessation of Long Term Therapy

G. Jennings, P. Korner, E. Laufer, M. Esler,
D. Burton, A. Bruce, M. Henderson

The circulatory abnormalities in essen-
tial hypertension are generally regarded as
due to a fundamental cause(s) of the hyper-
tension and secondary mechanisms which
occur as part of the body’s homeostatic
response to the elevated blood pressure
(BP). Of particular importance is hypertrophy
(i.e. enlargement) of the muscles of the heart
and vessels which amplify cardiovascular
stimuli. We have previously examined the ef-
fects on the non-autonomic component of
total peripheral resistance (TPR) of one
year's treatment of patients with essential
hypertension. Non-automatic TPR is a meas-
ure of vascular structural changes and is the
main contribution to elevated TPR in untreat-
ed hypertension. We found that non-
automatic TPR was almost completely re-
stored to the normal range after one year’s
normotension, suggesting substantial dimi-
nution in the amplifying capacity of the ves-
sels. An interesting finding in these patients
was that cardiac index one week after stop-
ping therapy was significantly higher than in
non-hypertensive subjects, so that the year
of therapy had altered the haemodynamic
pattern from one typical of established hyper-
tension to one characteristic of mild or bor-
derline hypenrtension. One explanation for
these changes in haemodynamic pattern is
that treatment for this period resulted in more
complete reversal of vascular than cardiac
hypertrophy. In this group the blood pressure
has returned to pretreatment values in 10113
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patients after 5 weeks without therapy. in 3
patients the return was more gradual — 3,
4 and 8 months.

In the present study, we studied patients
treated for longer than one year. Our
hypothesis was that the longer period might
result in further regression of cardiac hyper-
trophy and that as a result the redevelop-
ment of hypertension when treatment was
stopped might be more gradual.

After an average of 75 (1.5 — 27) years
of successful treatment, supine blood pres-
sure returned towards pretreatment levels at
a slower rate than in patients treated for only
one year. In both groups there was regres-
sion of muscle enlargement of the vessels
during therapy, as justified by TPRI values
after autonomic blockade. The two groups
had hypertension of similar severity before
treatment. In the group treated for more than
one year the blood pressure was slightly low-
er during therapy {mean MAP 94 mmHg)
than in the group treated for only one year
(mean MAP 105 mmHg) although drug regi-
men was similar.

Longer effective therapy may have
allowed more complete regression of cardiac

hypertrophy. Only patients with “‘normalised”
blood pressures for more than 3 years had
normal LV mass. On stopping therapy, card-
iac index measured was lower in the present
group than in the earlier series studied after
one year's therapy. Although at entry all
patients had supine systolic BP on therapy
< 160 mmHg, this variable on the last day
of therapy was directly related to LVMI. A
similar relationship was apparent at meas-
urements made 10 weeks later. Our findings
suggest that the lower the residual left ven-
tricular hypertrophy, the slower the return of
BP.

The rate of return of pretreatment values
of the BP on standing was almost double the
corresponding value whilst lying down.
Standing heart rate was also higher. This
suggests some enhancement of postural
reflexes, and may represent sympathetic

Systolic and diastolic blood pressure and heart rate
before and after stopping therapy measured supine
(unbroken lines, closed dots) and standing (broken
lines, open dots). The rate of increase of blcod
pressure was determined from the slopes of linear
regression equations relating BP with time.

All subjects are included up to 10 weeks of therapy.
The 20 week point is the mean of 4 subjects.
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overactivity. Haemodynamic measurements
and assessment of sympathetic activity were
made only in the supine posture. The former
showed a slight increase in TPRI during the
period off therapy and the latter remained
normal throughout. Exaggerated sympa-
thetic reflex effects on TPRI or cardiac out-
put may have played some role in the recov-
ery of blood pressure, despite the absence
of abnormalities in the supine posture.
Sodium intake, BP or renin levels did not
appear to contribute to the haemodynamic
changes after therapy was stopped.

The haemodynamic pattern that de-
velops after stopping drugs resembles that
of mild hypertension, in that there is more
rapid increase in standing and systolic blood
pressures than lying or diastolic. We con-
clude than the residual amount of left ven-
tricular hypertrophy appears an important
determinant of the rate of return of hyperten-
sion after long-term therapy.

New Drugs for Congestive Heart
Failure

G. Hasking, L. Nelson, C. Oddie, A. Bobik,
G. Jennings

We have begun studies on two drugs, Ro
13-6438 and milrinone, which have positive
inotropic and vasodilator effects. We found
that Ro 13-6438 increased resting cardiac
output without important effects on heart rate
and blood pressure. However, our phar-
macokinetic data demonstrated that the
clearance of the drug was reduced in
patients with heart failure. Plasma levels and
half-time were considerably increased.
These properties make the drug less useful
for such patients than was expected from
studies In animals and normal subjects.
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Projects

Audit and rationalization of peptic ulcer
therapy.

Audit and rationalization of oncological
therapy.

Clinical pharmacology of anticonvulsant
drugs.

Metronidazole usage in surgical patients.

Computer-based study of outpatient
polypharmacy.

Hepatic blood flow and extraction of high
clearance drugs.

The Clinical Pharmacology Department
has now become an autonomous depart-
ment within the Alfred Hospital. However,
clinical and scientific links with the Clinical
Research Unit and Baker institute are ac-
tively maintained. Our involvement in clinical
therapeutics has broadened:— the unit is
now represented on the Ministerial Working
Party on “Drug Use in Victorian Hospitals”
and also on the “Antibiotic Usage Project”
of the Victorian Medical Postgraduate Foun-
dation Advisory Committee.

Summary

Cancer: Our most recent initiative has
been in the therapy of haematological and
solid-tissue malignancies. We have carried
out detailed audits within the Alfred and had
access through the Ministerial Working Par-
ty to the data through the entire State of Vic-
toria. Additionally we have extended our
analysis to include other modes of cancer
therapy (surgery, radiology) and care. The
outcome of this analysis has been that on-
cological therapy is not optimal in Victoria
due to a lack of radiotherapy resources,
with consequent excessive reliance on
chemotherapy. Assuming known disease in-
cidence, it has been possible to demon-
strate that the Alfred Hospital should be
developed as a major therapy centre for on-
cological disease with integrated surgical
radiotherapeutic and chemotherapeutic ser-
vices serving the Monash affiliated hospitals
and the population east and south of the line
of the Yarra River.

Peptic ulcer: Our research into uicer
therapeutics had yielded two avenues of
progress. Based on our demonstration that
healing rates and relapse rates vary in-
dependently among accepted therapeutic
agents, we have examined quantitatively in
a group of patients under therapy, the
potential influence of healing rate versus
relapse rate on population outcomes. In
summary, relapse rates are much more im-
portant than healing rate in determining
longterm outcomes. This is seen in Fig. 1,
which shows that a drug with poor healing
properties (which would normally result in
exclusion by regulatory authorities) and
favourable relapse properties (i.e. a low
relapse rate) can yield a markedly superior
longterm result when compared to a drug
associated with rapid healing rates and un-
favourable relapse properties (i.e. a high
relapse rate). These findings indicate that
our current approaches to the selection of
anti-ulcer medications (i.e. developmental,
regulatory and clinical choices) are based
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I

gram negative, rod shaped, flagellated bactenum.

on a potentiaily misieading measure of drug
action (i.e. healing rate).

The evidence that relapse rates can be
influenced by prior drug therapy over the
following 12 month period raised important
issues about mechanisms. It was difficult to
postulate iocal changes in the physiology of
the gastrointestinal tract which would *‘carry
over” for such long periods of time. Accor-
dingly, pathological phenomena had to be

Figure 2. Electron micrograph of Campylobactor-like organism associated with chronic gastritis and peptic ulcer. It is a

invoked. The description of a new species
of gastrointestinal micro-organism (Cam-
pylobacter pyloridis — Figure 2) in associa-
tion with both chronic gastritis and peptic
ulceration provided one possible mech-

Figure 1. iflustration of the influence of ulcer relapse
rates at two healing rates; 33.3% healed/week -
Panel A, 12.5% healed/week — Panel B. The numbers
(1, 2, 3) indicate relapse rates of 0.4%/month,
4%/month and 40%/month respectively.
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anism. We are investigating whether
bacterial action causes peptic ulcer relapse,
attempting to test Koch's postulates in our
study populations. To study possible
associations between the organism and the
state of the ulcer syndrome in a large
number of patients, we have been perform-
ing biopsies and locking at serological
markers of bacterial colonization of the
gastrointestinal tract. This area of research
may have implications for the therapy of
peptic ulcer. Our work on ulcer therapeutics
reinforces the point made by Professor
Korner in the 1983/84 Baker Institute Annual
Report:— “With real understanding (of the
causes of disease} comes more specific,
more effective, and usually cheap
remedies”.

Splanchnic Physiology & Hepatic Drug
Clearance

In our studies of splanchnic vascular
physiology and hepatic function, we have
established that presystemic drug interac-
tions involve mechanisms other than altered
splanchnic blood flow. We are systematical-
ly exploring other mechanisms, including
alterations in functional state of metabolic
enzymes and in the plasma protein binding
of hepatic substrate. Our re-evaluation of the
potential role of protein binding change as a
limiting constraint on high clearance
substrates is now widely accepted. Progress
in our studies has involved the development
of new analytical methods to allow com-
prehensive description of substrate (pro-
pranolol) metabolism and the development
of a variety of "in vitro”" technigues.

Drug Prescribing

Another major initiative has been in the
area of drug use, using computer-based
retrieval techniques in the area of prescrib-
ing. Using an extreme definition of polyphar-
macy ( = 10 different medications during
any one period of attendance) we have
established that polypharmacy is frequent
(3.5% of the overall population), related to
age (incidence of polypharmacy versus age
by decade, r2 = 0.992) with cardiovascular
agents heavily represented in the older age
group. Duplication of therapies for angina
and cardiac failure were particularly com-
mon in the elderly as was the use of

psychotropic agents and non-prescription
drugs (represented in 46%, 64% and 97%
of polypharmacy scripts respectively).

We wish to acknowledge the generous
provision of space within the Baker Institute,
the unstinting help of the Alfred Hospital
Biological Research Unit staff and the
assistance of numerous collaborators.
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Projects
Hand blood flow in Raynaud’s phenomenon

Cardiovascular effects of bucindolol

Effect of beta-blockers in intermittent
claudication

Dosage of aspirin and platelet function

Computer follow-up of vascular surgery

Summary

The major interests of the Vascular
Laboratory has been the mechanisms in-
volved in Raynaud’s phenomenon and the
assessment of new forms of therapy for this
disorder, and the role of risk factors and
place of medical treatment in atherosclero-
sis affecting the large peripheral arteries.

Raynaud’s phenomenon is characterised
by an abnormal constrictor response 1o the
cold of the small vessels of the hands and
feet. We have defined the role of irreversible
structural changes in the smalf arteries of the
extremities by measurement of blood flow in
the hands at different temperatures. By rais-
ing the central body temperature of such
patients with the use of electric blankets and
hot water, we induced maximal vasodilata-
tion in these small vessels, so that any
reduction in blood fiow observed under these
circumstances provided an index of the ex-
tent of structural narrowing of the arterial
supply of the hand. Using this technique, we
have observed structural changes to be
present in the hands of patients with
scleroderma and the CRST syndrome — a
variant of scleroderma — with a maximum
blood flow only one-third that of normal. This
explains the relative lack of effect of potent
vasodilating drugs in such patients, which

depend on the presence of reversible spasm
rather than irreversible change for their max-
imal benefit. By measuring hand blood flow
in a large number of patients with Raynaud’s
phenomenon, we have defined a new sub-
set of patients who have evidence of minor
structural changes in the vessels on blood
flow testing and who also have an antibody
in their blood to cell nuclei, normally seen
in patients with the disorder calied systemic
lupus erythematosis. Our patients, however,
show none of the clinical manifestations of
lupus or other connective tissue diseases
and it remains to be seen whether this is a
very early stage of Jupus or whether it will
remain a separate disorder in its long-term
progression.

In patients with atherosclerosis affecting
the arteries to the lower limbs, we have been
interested in two areas. There is evidence
that the blood platelets in such patients be-
come activated, releasing vasoconstrictive
substances which may aggravate the distur-
bance in peripheral circulation as well as
possibly causing further progression of their
atherosclerosis. Because of these abnormal-
ities, it has been suggested that drugs which
affect platelet function, such as aspirin, may
be useful in the management of peripheral
vascular disease. Previously, large doses of
aspirin, commonly 1.2 gm per day, have
been administered to obtain these effects,
but on the basis of theoretical evidence, it
is possible that a very much lower dose of
aspirin may be equally if not more effective.
We have assessed the effects of very low
doses of aspirin from 25 to 100 mg per day
on platelet function in such patients, per-
formed in collaboration with Prof. Firkin in the
Department of Medicine. Early results indi-
cate that a dose as low as 50 mg is effec-
tive in inhibiting the excessive stickiness and
activation of the blood platelets in patients
with peripheral vascular disease. Such a low
dose of aspirin has a much lower incidence
of side effects than the doses normally used
in therapeutics and may be a useful adjunct
in the management of such patients. A con-
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trolled trial is now planned to determine the
efficacy of low dose aspirin in preventing
thrombosis of bypass grafts in the lower
limbs.

Beta-blocking drugs, used in the treat-
ment of hypertension and angina, have been
reported to cause deterioration in the symp-
toms of patients with peripheral vascular dis-
ease. It is not know what.the frequency of
this side effect is in such patients, or whether
there is any relationship between particular
features of the individual beta-blockers and
the severity of this side effect. We are per-
forming a double-blind trial comparing the ef-
fect of pindolol — a beta-blocker with intrin-
sic sympathomimetic activity — and meto-
prolol — a cardioselective beta-blocker —
with piacebo in patients having both intermit-
tent claudication due to narrowing of the ar-
teries to the lower limbs and hypertension.
Although the code for this trial has not yet
been broken, there has been no evidence
of an increased incidence of claudication in
these patients during any phase of the study.
Although we have noticed differences dur-
ing the various phase in the hand blood flow
responses to temperature, these results
would suggest that worsening of symptoms
of intermittent claudication during beta-
blocker therapy is an uncommon side effect
and that avoidance of this group of
antihypertensive drugs in patients with
peripheral vascular disease is unnecessary
as a routine.

Our computerised vascular register now
contains over 3000 operations performed
during the last ten years and is proving of
great benefit in determining the long-term
success rate of various forms of vascular
reconstructive procedure. Using a pro-
gramme developed in the Vascular Labora-
tory, we have compared the long-term paten-
cy rate of bypass grafts using arm veins for
conduits rather than leg veins and found no
evidence of a significant difference between
the two. In most surgical centres, the leg vein
Is considered the maost appropriate conduit
for vascular surgery and in their absence,
various forms of prosthetic material are
usually used which have very much inferior
results. The results of our comparison indi-
cate that arm vein is a more suitable
alternative.

Projects

Hand Blood Flow in Raynaud's
Phenomenon

PA. Blombery and M. Persich

There have been conflicting reports
about the relative roles of structural changes
in small arteries, the local vascular response
to cooling and the effects of sympathetic ac-
tivation in the pathophysiology of Raynaud’s
phenomenon. The aim of this study was to
determine the effect of a range of hand tem-
peratures on hand blood flow, both under
resting conditions, during sympathetic
activation by the cold pressor test and after
maximal vasodilatation produced by body
heating in three groups of patients with
Raynaud’s phenomenon — 9 with primary
Raynaud’s disease, 8 with scleroderma or
CRST syndrome, 8 with undifferentiated con-
nective tissue disease, and 8 normals, Hand
blood flow at 20°C and 30°C was similar in
normals and patients with scleroderma, but
was significantly lower in patients with
primary Raynaud’s disease. in contrast,
hand blood flow at 40°C and during body
heating was 31 ml/100 ml/min in normals,
204 mi100 mi/min in Raynaud’s disease,
14.2 miA00 mi/min in undifferentiated con-
nective tissue disease, and 109 miH00 ml/
min in scleroderma. The flows in sclero-
derma and undifferentiated connective tissue
disease were significantly lower than normal.
The cold pressor test resulted in similar
vasoconstrictions in all groups of patients
and normals.

We conclude that (i) there is evidence of
structural change in the hand blood vessels
in scleroderma and in undifferentiated con-
nective tissue disease in contrast to primary
Raynaud’s disease, (ii) there is no abnormal
sympathetic responsiveness in patients with
Raynaud’s phenomenon, and (iii) patients
with primary Raynaud’s disease show in-
creased local response to cooling, suggest-
ing that the disease is caused by a smooth
muscle abnormality.

The Cardiovascular Effects of Bucindolol
PA. Blombery and G.L. Jennings

Bucindolol is a new orally active, anti-
hypertensive drug which lowers blood pres-
sure by several mechanisms including
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vasodilatation, beta-blockade and alpha-
blockade. The haemodynamic effects of ad-
ministration of 0.3 mg/kg intravenously and
oral doses of 50 and 200 mg were assessed
in ten normal subjects.

Intravenous administration had no effect
on resting blood pressure, cardiac output or
peripheral vascular resistance. In contrast,
oral administration of 200 mg resulted in a
modest reduction in arterial pressure with an
increase in cardiac output and a fall in total
peripheral resistance. There was an as-
sociated fall in forearm vascular resistance
at the highest oral dose. The vascular
response in the hand was variable and with
intravenous administration of bucindolol,
there was a reduction in hand blood flow,
also seen after oral administration of 50 mg.
After administration of 200 mg of bucindolol
orally, hand blood flow increased to pre-dose
levels. The relative roles of vasodilatation and
alpha-blockade were assessed by determin-
ing the haemodynamic responses in both
the systemic circulation and forearm circu-
lation to tilt, and by measuring the reduction
in hand blood flow which occurred after per-
forming the cold pressor test. Bucindolol had
no effect on the increase in total peripheral
resistance induced by tilting, but at the same
time there was a significant impairment in
the forearm vascular response to tilt. The
response to the cold pressor test was attenu-
ated by 30 percent after both intravenous
and oral administration of bucindolol. Rest-
ing heart rate was reduced by 8 beats/min
after both intravenous and oral
administration.

These results suggest that bucindolol is
an effective hypotensive agent when ad-
ministered orally at a high dose and that its

blood pressure lowering effects are mediat-
ed mainly by direct vasodilatation. The beta-
blocking effect of the drug prevents the in-
crease in heart rate, seen with other
vasodilating agents. There is evidence of
mild alpha-blockade demonstrable in the
forearm and hand circulations, but this effect
does not make a significant contribution to
the overall reduction in peripheral vascular
resistance. The drug may be useful in the
long-term treatment of hypertension.
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Dr. Harald Brefdahl retired from the senior visiting
staft of the hospital at the end of 1984. A graduate
of Melbourne University in 1948, he was appointed
to the Unit in 1963. Dr. Breidahl served as Chairman
of Medical Staff 1979-80 and was Vice President of
the International Diabetes Federation 1976-1982. Dr

Breidah! will continue as an active consultant in
1985.
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Dr. Douglas Lording, a graduate of Monash
University in 1971 was appointed visiting
endocrinologist in November 1984, to succeed Dr.
Breitlahl. After training in endocrinology at Prince
Henry's Hospital and the Alfred Hospital he was
appointed assistant endocrinologist in 1978. His
special interests are in reproductive endocrinology
and diabetes.

Virginia Mohr (nee Stevens) graduated B.Sc. from
Monash University in 1977 and completed a M.Sc.
qualifying year in 1984. She has been awarded the
Alfred Hospital Whale-time Medical Specialists’
Fravelling Fellowship for 1985 and will visit
laboratories in Minneapofis, Los Angeles, and
Nashville as well as presenting work on abnormal
thyroid hormone binding in Australian aborigines at
the American Endocrine Society meeting in
Baltimore in June 1985.

Dr. John Barlow graduated B.Sc. from Monash
University in 1974 and was awarded M.Sc. in 1977,
He joined the Unit in 1977 and has been senior
scientist since 1982. His Ph.D. on familial
dysalbuminaemic hyperthyroxinaemia was
completed in 1984. He has been awarded a Neil
Hamijton Fairley Applied Health Sciences Fellowship
by the National Health and Medical Research
Council and will be engaged in postgraduate work
at the institute of Cellular and Molecular Pathology
of the University of Louvain in Brussels during 1985
and 1986.

Introduction

During 1984 the Unit continued its dual
role as a research and clinical service
department of the hospital. Thyroid disease
continues to be the main aspect of research,
but the clinical workload continues to be
broadly based in all aspects of endocrinology
and diabetes. We are increasingly called on
to function as a reference centre for the as-
sessment of diagnostically-difficult thyroid
problems, especially in relation to newly
recognized binding abnormalities.

We continue to enjoy helpful and valued
collaboration with the Medical Research
Centre Prince Henry's Hospital, Monagh
University Department of Medicine, the Bak-
er Institute and Clinical Research Unit, and
the Howard Florey Institute University of
Melbourne.

Financial support, either direct, or in the
form of equipment or travel funding from the
following sources is gratefully acknowledged:
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Estate of the late Vincenza Acton
Estate of the late H. Vistaline

G.M. Rollason Trust

Vivian Hill Trust

Alfred Hospital Whole-time Medical
Specialists’ Private Practice Fund
Research support from the National
Health and Medical Research Coun-

cil and the Alfred Hospitals Medical
Research Committee is also
acknowledged.

List of Projects

Thyroid hormone pathophysiology

a. Thyroid hormone changes in critical
illness

b. Effect of low affinity competitors on
thyroid hormone plasma binding

c. Effect of frusemide on circulating
thyroid hormone levels

d. Abnormal thyroid hormone binding in
Australian aborigines

e. Expression of thyroid hormone action
in hepatocytes

Evolution of mineralocorticoid hypertension.

Structure-activity relationships of steroid
hormones.

Biologically-active principles in coffee
preparations.

Thyroid Hormone Research

Our major interest in the past year has
been in the factors which alter thyroid
hormone delivery to target tissues with par-
ticular reference to: (i) unusual binding
abnormalities that may confound the
biochemical diagnosis of thyroid disease; (i)
the effect of competitors, either exogenous
or endogenous, that alter hormone binding
in the circulation; (iii) factors that modify the
diagnostic features of thyroid disease in the
presence of associated disease.

In the circulation, thyroid hormones are
carried in reversible association with various
plasma proteins that differ widely in their af-
finity and capacity. This reversible associa-
tion is in fact a rapidly-exchanging equilib-
rium, giving the protein-bound fraction a
“reservoir’” function which replenishes the
free level as hormone is taken up by tissue
receptors or degraded. For thyroxine, the free
fraction is minute, being only one part in

3000 of the total. Direct measurements of the
free concentration are not normally possible
with any degree of precision, but numerous
ingenious tricks have been developed to al-
low an estimate of the free concentration to
be made. One standard method is to meas-
ure the extent of binding after dilution of se-
rum and to infer from this, a free fraction for
undiluted serum. While giving a valid com-
parison of binding for one hormone alone in
different sera, this approach is not valid when
low affinity competitors are studied.

It has long been known that a number
of commonly used drugs (e.g. salicylate,
diphenylhydantoin) can compete for T4 and
T; binding sites*in serum, leading to acute
displacement of hormone. it is now suggest-
ed that endogenous inhibitors may have a
similar effect, especially in renal failure or
critical illness. Generally, the drug inhibitors
are bound to plasma proteins with much low-
er affinity than T,. As serum is diluted, the
effect of lower affinity competitors is gradu-
ally lost in any assay system for the follow-
ing reason. At dilutions where hormone is
sttt highly bound, binding of a lower affinity
competitor has markedly diminished, lead-
ing to a boundffree relationship that differs
greatly from undiluted serum in vivo. In ef-
fect, the reservoir or store of bound drug,
available to replete the free concentration
with progressive dilution, will become deplet-
ed more rapidly for lower affinity ligands.
Hence, in order to make valid studies of the
effect of low affinity competitors, it has been
necessary to develop improved methods of
studying binding precisely in undiluted se-
rum. Major difficulties include the following:
(i) The minute free fraction of T, means that
a change in binding from 39.97% to 9994%
doubles the active hormone fraction; (it) Im-
purities in labelled hormone. Even a minute
contamination with free radioactive iodine, or
an iodothyronine which does not bind, may
greatly distort the apparent free fraction; (iii)
The effect of transient competitors of short
half-life, which may alter both hormone clear-
ance and delivery to tissue, yet be undetect-
able in a subsequent serum sample; (iv) The
presence of multipie serum binding sites for
thyroid hormones, making it difficult to study
interaction with a single serum protein.

The first two problems have been ad-
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dressed by a technique of equilibrium dialy-
sis with high volume of dialysate. Using 05
ml undiluted serum, less than 0.3% of the
added ['25]IT, enters the dialysate, so that
even for samples showing the highest and
lowest possible binding, variations in the di-
alysand (serum) count rate can be ignored
in calculating the free fraction, making it
necessary to sample only the dialysate. How-
ever, with very high binding, the majority of
counts in the dialysate represents con-
taminants, rather than free ['25)IT,. Precipi-
tation with magnesium chloride in the
presence of added excess unlabelled thyrox-
ing, results in a pellet of authentic hormone,
the count rate allowing direct calculation of
free fraction in undiluted serum. This tech-
nique, which measures the free fraction in
undiluted serum with < 5% coefficient of var-
iation, has been used to compare the rela-
tive importance of various competitors, in-
cluding frusemide and free fatty acids.

The question of transient circulating
competitors for hormone binding to plasma
proteins has so far received little attention,
but may be of great importance with the
drug frusemide, shown to be the most po-
tent drug inhibitor of thyroid hormone bind-
ing. Apart from an effect of high dose
frusemide to lower circulating thyroid hor-
mone levels, by allowing more rapid
clearance of the higher free fraction, it is
likely that this drug makes more hormone
available to the tissue receptors which in-
itiate thyroid hormone action. Hence, inter-
mittent doses of a potent binding competitor
of short half-life could lead to pulses of ex-
cess free hormone which might sustain
tissue hyperthyroidism.

The presence of multiple classes of
thyroid hormone binding sites in serum
makes it difficult to study the interaction of
hormone with a particular protein without
laborious isolation procedures. However, by
adjustment of hormone concentrations and
serum dilution, it is possible to achieve sub-
stantial specificity. We have previously shown
that artificially high hormone concentrations
{50-1000 fold added excess of T4) can be
used to isolate the abnormal albuminT, bind-
ing site of tamilial dysalbuminaemic hyper-
thyroxinaemia. The reverse approach, ex-
treme serum dilution (1:10,000) lowers the

total thyroxine concentration to about 1011
molar. At such hormone concentrations only
proteins with this order of affinity will partici-
pate in binding. Binding is still easily measur-
able (about 50%) and is specific for thyrox-

‘ine binding globulin, as confirmed by the to-

tal absence of detectable binding in sera
from subjects with hereditary deficiency of
this protein.

These techniques form the basis of our
current studies of factors that may influence
thyroid hormone binding so as to aiter clear-
ance and delivery to lissues.

Projects

Changes in Thyroid Stimulating
Hormone During Recovery from
Hypothyroxinaemia of Critical lliness
PS. Hamblin, D.J. Topliss, V.S. Mohr, S.
Dyer, J.R. Stockigt.

The profound hypothyroxinaemia which
can occur in apparently euthyroid subjects
during critical systemic illness is usually
regarded as predictive of high mortality. The
development of the ‘low T, syndrome’ is as-
sociated with markedly enhanced T, clear-
ance from blood and it has been suggested
that circulating inhibitors of thyroid hormone
plasma binding may be liberated from
damaged tissues. Both basal TSH and TRH
responsiveness are depressed in severe ill-
ness despite low free T, levels. When recov-
ery from the low T, state occurs, the
mechanisms of recovery are unclear,
although transient elevations of TSH have
been observed in some studies. In previous
studies conclusions have usually been
based on single samples.

In order to clarify the relationship
between T4 and TSH during recovery from
critical non-thyroidal ifiness with hypothyrox-
inaemia, we studied multiple serial samples
(5-20/subject) during six episodes of T,
recovery in five clinically euthyroid patients
who were hypothyroxinaemic during critical
systemic illness (major burns, acute renal
failure, severe metabolic acidosis, sepsis).
These subjects had T, levels less than 30
nM for at least 48 h (range 2-9 days) followed
by a T, rise of more than 25 nM in less than
96 h. The TSH assay had a detection limit
of <05mU/L with cv. < 6% at 110 muUL,
allowing us to detect TSH changes within the
normal range. The samples used for these
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studies were taken for routine diagnostic
indications and were made available by the
Biochemistry Department and Renal Unit,
Alfred Hospital.

Every T, rise was associated with a con-
comitant TSH increase of at least 2.5 mUJ/L.
Each TSH increase of > 2mU/L was as-
sociated with a T, response. In the two
studies with samples <6 h apart, the TSH
increase preceded the T, rise. During recov-
ery, maximum TSH values were clearly
above normal in two episodes (20, 15 mU/L),
marginally elevated in two (6, 8 mU/L) and
remained within the normal range in two (2.9,
3.3 mU/L). All patients were biochemically
euthyroid at follow-up 4-20 weeks later.

This study demonstrates a close associ-
ation between changes in TSH and T, dur-
ing recovery suggesting that the T, response
is TSH-mediated and that the thyroid is
responsive to TSH during this phase. The
TSH increase during recovery may represent
a return of appropriate thyrotropin respon-
siveness to hypothyroxinaemia, or may be
due to intrinsic pituitary recovery indepen-
dent of circulating thyroid hormone levels. If
T, recovery requires TSH, as this close
correlation suggests, then circumstances
that impair TSH secretion during prolonged
critical illness {(e.g. starvation, dopamine,
glucocorticoids) may prolong the deficiency
of circulating thyroid hormones and might
result in eventual tissue hypothyroidism. The
role of sustained hypothyroxinaemia in con-
tributing to the outcome of prolonged criti-
cal iliness remains uncertain.

Frusemide as a Competitor for Serum
Binding of Thyroid Hormones: In Vivo
and In Vitro Studies and Comparison
with Other Known Competitors

C.F Lim, VS. Mohr, SAA. Dyer, F. Long,
PS. Hamblin, D.J. Topliss, JW. Barlow,
K.N. Wynne, J. Sabto, J.R. Stockigt.

We have previously shown that fruse-
mide is a low affinity competitor for plasma
binding of T,4. As with other low affinity com-
petitors, its effect diminishes with serum di-
fution in vitro, making it difficult to estimate
the minimum in vive inhibitory concentration
from studies of diluted serum. We therefore
studied the effect of frusemide on the per-
cent free fraction of ['251}T; and {231}, in un-

diluted serum by equilibrium dialysis (37 C,
Tris buffer, MgCl, precipitation). Frusemide
in dialysand was measured by high pertfor-
mance liquid chromatography. In pooled nor-
mal serum, an increase of 20% and 50% in
T, free fraction resulted from serum fruse-
mide of 7 ug/ml and 30-40 ug/mi respectively.
The threshold effect on T free fraction was
similar. In order to establish whether inhibi-
tion was accentuated with subnormal con-
centrations on plasma proteins, a serum pool
from subjects with liver disease and hypoal-
buminaemia (albumin 18 g/L, thyroxine bind-
ing globulin 9 mg/L (N 15-25), bilirubin 39
uM) was studied. A 20% increase in T, free
fraction occurred at serum frusemide of <2
ug/ml and 50% increase at 4-5 ug/ml.

Five chronic renal failure patients on
peritoneal dialysis were studied after a single
oral dose of 500 mg frusemide. After 4-5 h,
a 26% mean increase in T, free fraction
coincided with mean serum frusemide of 10
ug/ml. Resin T3 uptake increased and total
Ta and T, decreased. Thyroxine binding
globulin and reverse T; remained un-
changed. As in the previous study, the effect
of frusemide on T, free fraction was
reproduced by frusemide added to serum in
vitro.

Inhibition of ['251]T4 binding by frusemide
was compared with other known inhibitors
(1:10 serum, 4 C, Tris buffer, dextran-charcoal
separation). We also studied the effect of
synthetic 2-hydroxybenzoyiglycine which has
recently been identified as an endogenous
inhibitor of drug binding in patients with
chronic renal failure. Comparative molar con-
centrations for 50% inhibition were in the
ratio T4 1; frusemide 1 x 103; fenclofenac
1x10%; 8-anilino-1-naphthalene sulphonic
acid 3 x 10%; merthiolate 4 x 10%; sodium
ethacrynate 1x 105, heparin 7 x 105,
2-hydroxybenzoylglycine 1 x 108; salicylate
2 x 108; N-benzoy! glycine 3 x 108; and ben-
zoic acid 4 x 108 (Fig 1).

These studies demonstrate that fruse-
mide, either ingested or added to serum in
vitro, inhibits T3 and T, serum binding with
threshold (20% increase in free fraction) at
about 7 ug/ml. Threshold is lower if albumin
and/or thyroxine binding globulin are subnor-
mal, indicating that nephrotic or cirrhotic sub-
jects may be especially sensitive to its inhibi-
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Comparison of frusemide with other inhibitors of
thyroxine binding to serum protemns. Frusemide is
more potent on a molar basis than any other
inhibitor tested. (Serum dilution 1:10, dextran-
charcoal separation.)
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tory effect. Frusemide in a large single dose,
lowers T3 and T, in serum and increases T,
resin uptake and frusemide is more potent
on a molar basis than previously-known in-
hibitors of T, binding. While normal diuretic
doses of frusemide are unlikely to achieve
inhibitory concentrations, the high doses
given to patients with oliguric renal failure,
who show delayed clearance of the drug, will
achieve inhibitory concentrations. Frusemide
must be considered in seeking a cause for
low T, levels in critical illness.

Diagnostic Significance of Sensitive
Measurement of Thyroid Stimulating
Hormone; Correlation with the
Response to Releasing Hormone
V.S. Mohr, D.J. Topliss, S.A. Dyer, J.R.
Stockigt

Routine assays of TSH cannot reliably
distinguish between euthyrotd and hyper-
thyroid states but modified assays have been
developed in an attempt to make this distinc-
tion. Basal TSH levels correlate with TSH
increment to TRH (TSH) in normal subjects

and the use of basal TSH levels as an alter-
native to the TRH test in suspected hyper-
thyroidism has been suggested.

We evaluate a sensitive TSH assay (de-
tection limit 0.3 mU/L) in order to assess how
well the assay can discriminate hyperthyroid
from euthyroid subjects, and to examine
whether basal TSH levels are a good predic-
tor of the TSH increment to TRH in various
thyroid disorders.

TSH levels in 41 untreated hyperthyroid
subjects (FT4 > 160, normal < 140; FTal

30, normal < 2.7) were undetectable in 38
and detectable in 3 (range < 030-0.71 mU/L).
in 38 euthyroid subjects with no history of
thyroid disease from the hospital population
TSH was <1 mU/L in 17, but only two were
undetectable, (mean 144, range < 0.3-5.2
mU/L).

Serum samples from 100 consecutive
TRH tests (200 ug iv.) were evaluated.
Undetectable basal TSH levels ( <0.3 mU/L)
were found in both hyperthyroid and some
euthyroid patients suspected of hyper-
thyroidism. We examined whether TSH could
separate these groups in 8 hyperthyroid (F Tl
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> 165, FT3; = 26) and 10 euthyroid (FT!
< 40, FT3l <24) subjects. It was noteworthy
that 7 of the euthyroid group had multinodu-
lar goitres. TSH remained undetectable after
TRH in all with hyperthyroidism and in 3
euthyroid subjects with multinodular goitres.
In the other 7 euthyroid subjects TSH ranged
from 0.25-49 mUIL.

This study shows that with a sensitive as-
say, basal TSH levels in hyperthyroidism
differ from those in the euthyroid state. A
basal TSH level below the assay detection
limit ( < 03 mU/L) had a diagnostic sensi-
tivity for hyperthyroidism of 93% and speci-
ficity of 95%. The predictive value of an un-
detectable TSH was 95% for hyper-
thyroidism. A detectable TSH level had a
92% predictive value for euthyroidism. The
TSH response to TRH was highly correlat-
ed with the basal TSH, but the width of con-
fidence limits prevented accurate prediction
of individual responses. Especially with multi-
nodular goitre, TSH may discriminate be-
tween hyperthyroidism and the euthyroid
state, when basal TSH fails to do so.

Meetings and Conferences

Dr. Barlow and Dr. Stockigt attended the
7th International Congress of Endocrinology
in Quebec, July 1984. Both presented
papers, and Dr. Stockigt was an invited
speaker on the subject of euthyroid hyper-
thyroxinaemia. Subsequently, Dr. Stockigt
presented a paper on congenital adrenal
hyperplasia in aduits at a satellite meeting
in New York. Dr. Barlow visited laboratories
in Los Angeles and at the National Institute
of Health in Bethesda. Dr. Topliss attended
the European Thyroid Association meeting
in Rotterdam and the American Thyroid As-
sociation meeting in New York in Septem-
ber, where he presented our work on fruse-
mide and thyroid hormone binding.

Papers were presented at the annual
meeting of the Endocrine Society of Austra-
lia in Melbourne by Stephanie Dyer, Virginia
Mohr, Chen-Fee Lim, Shane Hamblin and
John Barlow. Dr. Topliss was a member of
the program-organizing committee for that
meeting. Dr. Stockigt was elected to the
Council of the Endocrine Society of Austra-
lia for 1985-87.

Dr. Breidahi attended the annual meet-

ing of the European Association for Study of
Diabetes, in London in September. He was
elected one of the five members of the
Nominating Committee of the International
Diabetes Federation at its first meeting in
London held to coincide with the EASD
meeting.

During 1984 members of the Unit gave
lectures and presentations in numerous
metropolitan and country centres as part of
continuing education and family medicine
programmes, under the auspices of the Vic-
torian Medical Postgraduate Foundation.

Teaching and Seminars

Drs. Breidahl, Taft, Lording, Topliss and
Stockigt gave seminars and lectures in the
6th year clinical teaching programmes and
participated in the teaching of general medi-
cine, diabetes and endocrinology for 4th, 5th
and 6th year Monash University medical
students.

Postgraduate teaching sessions were
held weekly during the first half of 1984 for
candidates for Part 1 FRACP In addition,
clinical lunchtime seminars were held twice
monthly throughout the year. The following
topics were presented in 1984:

Osteoporosis — new diagnostic

techniques

Osteoporosis — questions of

management

lopanoic acid in therapy of severe

hyperthyroidism

Acromegaly — problems in diagnosis

Spontaneous intermittent

hypothyroidism

Frusemide therapy and thyroid

function

Amiodarone and thyroid function

Mortality in diabetic ketoacidosis;

1974-1983 at Alfred Hospital

Idiopathic hypoglycaemia in

adulthood

Nelson's syndrome — therapeutic
possibilities

Cushing’s syndrome due to adrenal
adenoma

Diagnosis of diabetes insipidus

Lymphoma of the thyroid

fnsulinoma

Haematologic changes in thyroid
disease
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How to Support Medical Research
at The Baker Medical Research
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The Institute depends to a considerable extent upon private support in
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devoted entirely to medical research, is appropriately acknowledged and
gratefully received.

The Institute’s programme is entirely in the field of cardiovascular
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more deaths than any other single cause, are responsible for about

25% of all premature deaths and much serious iliness. The Institute is
trying to find the causes in order to arrive at improved methods of
prevention and treatment.

Donations to the institute are tax deductible.

Savings can be achieved if funds intended as a bequest are given as a
donation, deductible from income. A bequest to the Institute may have
only a marginal impact on the residue of an estate. Advice from an
accountant or solicitor may be advisable.

Persons contemplating donations or bequests are welcome to visit the
Instiiute by appointment.

For further information contact:
The Director
Baker Medical Research Institute
Commercial Road, Prahran 3181
(Telephone: 522 4313)

The following is a suggested form of bequest in Wills:

bequeath to the Baker Medical Research Institute, Commercial Road,
Prahran, in the State of Victoria, to advance the work of the Institute,
thesumof$ ... ... free of all duties, for which the written
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