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I 

How to support medical 
research at the Baker Medical 

The Baker Medical Research Institute is funded from many sources including 
Federal and State Governments, the Baker Benefactions, investment income, 

research grants, corporate sponsorship and private gifts. 

The field of research in which the Institute is engaged touches the lives of the entire 
Australian community. If research into heart disease is to succeed it will not be 

because of the combined effort of scientists, governments, companies, individuals, 
and all Australians. in the alleviation of 

a common problem and the achievement of a common goal. 

The Institute needs your help to finance its research. 

There are many ways in which you can help. These include making annual or more 
frequent gifts; placing capital in our account on which the Institute receives interest 

(but not capital); making provision in your will; making a donation in lieu of a 
birthday gift or in memory of a loved one. 

Donations are tax deductible 

For further information contact:- 
Public Relations Officer 

Baker Medical Research Institute 
P.O. Box 348 

Prahran Victoria, 3181 
Telephone (03) 522 4333 

Persons contemplating bequests are most welcome to visit the Institute by 
appointment. Advice from an Accountant or a Solicitor is always advisable, but 

the following is a suggested form of a bequest in Wills. 

I Bequeath to the Baker Medical Research 
Institute, Commercial Road, Prahran, in the State of Victoria, to advance the work 

of 
the Institute the sum of $ . . . . . . . . . . . . . . . . .  / . . . . . . . . . . . . . . . . . .  per cent of my estate/the residue 

of my estate, free of all duties for which the written acknowledgement of the Associate 
Director shall be sufficient discharge.” 

“ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Our Target 
In Australia 50(% of all deaths and serious illness are due 

to diseases of the heart and circulation. 
Most of them are due to hypertension (high blood 

pressure) and atherosclerosis (clogging up of arteries 
with fatty cholesterol-laden plaques) which cause stroke, 

heart attack, heart failure and kidney failure. 

Aims of our Research 
To increase understanding of the basic causes of 

hypertension and atherosclerosis. 
To use this knowledge to improve medical and 

surgical treatment. 
To prevent heart and vascular disease in the community 

particularly in the younger age groups. 
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History 
The Baker Medical Research Institute was founded 64 

years ago, in 1926, from funds provided by Thomas 
Baker, his wife Alice and his sister-in-law, Eleanor 

Shaw. Thomas Baker was born in England in 1854 and 
emigrated to Australia in 1865. He became one of the 
pioneers in the production of photographic materials, 

founding a firm which eventually became Kodak (Aus- 
tralasia) Pty. Ltd. 

From its beginning in 1926 until 1980 the Institute 
was managed by a Board of Trustees. In 1980, the 

Victorian Parliament passed the Baker Medical 
Research Institute Act, 1980, which provided the 

Institute with a new constitution and an enlarged Board 
of Management. 

In 1965, the Institute became formally affiliated with 
Monash University. 

The Baker Institute was initially established to 
provide laboratory biochemical and clinical pathology 
services to the Alfred Hospital. However, in 1946, the 

clinical laboratory services moved into the hospital 
leaving the Institute to devote its entire effort to 

research. Over the next few years the Institute slowly 
expanded and evolved into what is now recognized as a 
major medical research facility. Until 1974, the research 
encompassed many fields of medicine, but from 1975 
onwards, it has become much more focussed and now 
concentrates its entire research effort into studying the 

heart and blood vessels. 
Since 1983, the Institute has been the recipient of a 

Block Institute Grant from the National Health and 
Medical Research Council of Australia. 

In 1990, the Institute was recognized by the World 
Health Organisation as a Collaborating Centre for 
Research and Training in Cardiovascular Diseases. 
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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 Management. It is affiliated 
with Alfred Hospital and Monash University. 

4. It is a recipient of a Block Institute Grant from the 
National Health & Medical Research Council of 
Australia. 

5.  It has a staff of 143 people. The research is carried 
out in 12 laboratories and in the Alfred Baker Medical 
Unit of the Alfred Hospital. 
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Organisation Chart 

Board of Management 
(President: Mr. John Moir) 

Activities Committee -I (Chairman: Mrs. F. Grimwade) 

Development Committee -- 
(Chairman: Mr. D. Wittner) 1 

I I 
Finance Committee 

- (Chairman: Mr. D. Butler) 

Director 
(Professor P.I. Korner) 

I Associate 
Director Director ABMU Director 

Dr. P.J. Barter Dr. G.L. Jennings Prof. J.A. Angus 

Deputy &Plrty 

,- , , l ^  ’ - ( 4  

Laboratories: 
Basic Cardiology 

(Dr. ,J. Smolich) 
Biochemical Pharmacology 

(Dr. A. Bobik) 
Cardiac Surgery 

(Dr. E Rosenfeldt) 
Cellular Biochemistry 

(Dr. E. Woodcock) 
Cell Biology 

(Dr. J .  Campbell) 
Circulatory Control & Neuropharmacology 

(Professor l? Korner) 
Human Autonomic Function 

(Dr. M. Esler) 
Lipoprotein Metabolism 
(a. P. Barter) 

Molecular Biology (Dr. A. Mitchell) 
Pharmacology (Dr. .I. Angus) 
Protein Structure & Function 

Renal (Dr. W. Anderson) 
(Dr. N. Fidge) 

Finance 
Personnel 
Laboratory Services- 
Engineering 
Library 
Public Relations 
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President 
J.D. MOIR 
Vice President 
D.F. HOGARTH, B.Sc. 
Members 
R..J. BARCHAM 
Professor J.W. FUNDER, 

Mrs. F.S. GRIMWADE, 

Professor P.1. KORNER, A.O., 

M.D., Ph.D., F.R.A.C.P. 

O.B.E. 

M.D, B.S., M.Sc.(Syd), 
Hon.D.Sc.(NSW), 
F.R.A.C.P., F.A.A. 

W.D. McPHERSON, 
A.O.,A.A.S.A. 

W.G. PHILIP, A.M., 
B.Comm., F.C.A. 

Professor R. PORTER, B.Med.Sc., 
D.Sc.(Adel), M.A., B.Ch., 
D.M.(Oxon), F.A.A., 
F. R. A. C. P. 

Board of Management 
Professor G.B. RYAN, M.D., B.S., 

P h . D.( Me1 b), E R . C . P. A., 
E R .  A.C.P. 

D. WITTNER 

Patron 
SIR LAURENCE MUIR, 

V.R.D., L.L.B., F.S.I.A., 
F.A.I.M. 

Honorary Board Member 
J.C. HABERSBERGER, 

A.O., B.Comm. 

Secretary 
Mr. W.A. KRICKER, 

B.Sc.(Hons) (Syd), 
B. E.( Hons) (Syd), 
M.B.A.(NSW), F.I.E. Aust., 
F.A.I.M., F.I.D.A. 

Honorary Treasurer 
D.J. BUTLER, B.Ec.,( Hons), 

F.A.S.A., C.P.A. 

M r .  R.J. Barcham I.\ U C’iinipuni~ Dirwtor. 

Development/ Finance 
Committee 
Chairman 
D.F. HQGARTH, B.Sc. 

Members 
R.J. BARCHAM 
Professor P.I. KORNER, A.O.. 

M.D., B.S., M.Sc. (Syd), 
Hon. D.Sc.(NSW), E K. A.C. P., 

Mrs. F.S. GRIMWADE, O.B.E. 
J .C. H ABERSBERGER, 

A.O., B.Comm. 
F. A. A. 

J .D.  MOIR 
SIR L,AURENCE MUIR, 

V.R.D., L.L.B., F.S.I.A., 
F. A. I .  M . 

W.D. McPHERSON, 
A.O., A.A.S.A. 

W.G. PHILIP, A.M., 
B.Comm., F.C.A. 

D. WITTNER 
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i 

I I  I 

Mrs. RS. (Joan) Grimwade 0. H.  E. Mr. J.C. Hahershergm is a Past President of 
the Institutr und OJ' the A lfrcd Hospital. (Jntil 
hiv retirement in 1976, he wws Manaxing 
Ilirwtor of Kodak (Australasia) Pry. Ltd. 

Sir Laurence Muir I.\ Patron of tho Instuutc~. 
He I S  U member o f  the Bourd of Ai~vtraliuri 
and International C i ) m p m r c ~ . s .  
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Director 
Professor P.I. Korner, A.O., M.D., 

B.S., M.Sc.(Syd), Hon.D.Sc. 
(NSW), H0n.D. Med.(Melb), 
F.R.A.C.P.,F.A.A. 

Deputy Director 
Dr. P.J. Barter, M.B., B.S., 

Ph.D.(ANU), F.R.A.C.P. 
Associate Director 
Dr. J.A. Angus, B.Sc., Ph.D.(Syd) 
Associate Director 

I 

Dr. G.L. Jennings, M.D., M.B., 

Associate Director (Management) 
S.C. Price, B.Comm., A.A.S.A. 

B.S., F.R.C.P., F.R.A.C.P. 

Basic Cardiology 
Laboratory 
Scientific Staff 
Dr. J.  Smolich, M.B., B.S., 

Technical Staff 
Ms. Y. DeNeef, Cert. App. Sci. 

B.Med.Sc., Ph.D. 

(till December 1989) 

Cardiac Surgical Research 
Unit 
Scientific Staff 
Dr. F.1,. Rosenfeldt, M.B., B.S., 

M.D.(Adel), F.R.C.S.E., 
F.R.A.C.S., Senior Research 
Fellow 

Technical Staff 
Ms. C. Boyes, Cert. Animal 

Technology 
Mrs. L. Langley, H .  Appl.Sci. 

Staff List 
Research Students 
Dr. A. Cochrane, M.B., B.S., 

Dr. L. Chi, M.B., B.S. 
Collaborating Scientists 
Prof. J.F. Williams, D.Sc., Ph.D., 

Department of Biochemistry, 
Australian National [Jniversity 

Dr. R.A.J. Conyers, M.B., B.S., 
D.Phil., F.R.C. A. A., Department 

of Biochemistry, Alfred Hospital 

F. R. A. C. S. 

Cell Biology Laboratory 
Scientific Staff 

Dr. J .H .  Campbell, B.Sc.(NSW), 
Ph.D.( Melb), Principal Research 
Fellow 

Dr. G.R. Campbell, B.Sc., Ph.D., 
Senior Research Associate 

Technical Staff 
Ms. J .D.  Rogers 
Ms. E. Spanidis, B.Sc. 
Ms. S. Kalevitch, B.Sc. 
Research Students 
Ms. M.J. Black, B.Sc.(Hons) 
Ms. S. Horrigan, B.Sc.( Hons) 
Ms. G. Cockerill, B.Sc.(Hons) 

Cellular Biochemistry 
Laboratory 

Scientific Staff 
Dr. E. A. Woodcock, B.Sc.( Hons), 

Research Students 
Ms. I. Kuraja, 

Ms. J. Tanner, B.Sc. 

Ph.D. 

B.Sc.( Hons)(Argentina) 

Ms. L. Caroccia, B.Sc. 
(till December 1989) 

Circulatory Control and 
Neuropharmacology 
Laboratory 
Scientific Staff 
Professor P.I. Korner. A.O., M.D.. 

B.S., M.Sc.( Syd), Hon.I).Sc.( NSW), 
Hon.D.Med.(Melb). F.R.A.C.P., 
F. A. A. 

Dr. P.K. Dorward, M.A.(Cantab), 
Ph.D.( Mon) 

Dr. G.A. Head. B.Sc.(Mclb). 
Ph.Il.( Mon) 

Dr. B.K.  Evans, H.Sc.(Melb), 
Ph.D.( Melb), Senior Research 
Associate 

Ms. .I. Oliver, B.Sc.(NSW) 
Mrs. S.1,. Burke, B.Sc.( Honh)(Sqd) 
Mr. C.D. Rudd, B.Sc.( Hons) 

Technical Staff 
Ms. S. Godwin 
Research Student 
Ms. B.A. Kingwell. H.Sc.( Hona)( Melb) 
Visiting Scientists 
Dr. C. A. Courneya, B.Sc.(Guelph), 

M.Sc.(UWO), Ph.D.(Il BC) 
Dr. N. Minami, M.D.(Tbhoku) 
Dr. T. Saigusa, M.D. (Japan) 

( t i l l  December 1989) 

Sir Thomas Ramsey 
Electron Microscopy 
Laboratory and 
Morphology Laboratory 
Scientific Staff 
Ms. S.E. Luff, B.Sc.(Hons)(Hull), 

M.Sc.( Birm) 
Dr. R.J. Dilley, B.Sc.( Hons). P h .  D. 
Technical Staff 
Ms. S .  Hengtsberger, B.Sc.( Deakin) 
Ms. L. Chapman 

Human Autonomic 
Function Laboratory 

Scientific Staff 
Dr. M.D. Esler, M.B., B.S.(Melb), 

B.Med.Sci.(Melh), Ph. D.( AN IJ), 
F. R . A. C . P. P r i n c i p a I Research 
Fellow 

Ph.D.( Wellington) 
Dr. G. Eisenhofer, B.Sc., 
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Technical Staff 
Mr. G.W. Lambert, B.Sc. 
Ms. H. Cox, B.Sc. 
Research Students 
Dr. K.K. Sudhir, M.B., B.S. 
Dr. I.T. Meredi th ,  M.B., B.S.,  

Visiting Scientists 
Dr. C. Ferrier, M.D. 
Professor G. Wallin, M.D., Ph.D. 
Collaborating Scientists 
Dr E Dudley, F.R.A.C.P., Director, 

B.Sc.( Hons) 

Gastroenterology Service,  
Alfred Hospital 

Clinical Neurophysiology, 
Alfred Hospital 

Dr. M. Horne, F.R. A.C.P., Director, 

Lipoprotein Structure and 
Function Laboratory and 
Molecular Biology 
Laboratory 
Scientific Staff 

Dr. N.H. Fidge, R.Sc., Ph.D.(Adel), 
Senior Principal Research Fellow 

Dr. J .  Kanellos, R.Sc., Ph.D.( Melb) 
Dr. A. Mitchell, B.Sc.(Hons)(Melb), 

Mr. T. Tetaz, B.Sc., M.Sc. 
Technical Staff 
Mr. .I. Andreou, B.Sc. 
Mr. P. Griffith, B.Sc. 
Mr. E. Gruner, B.Sc. (till December 

Mr. R. Rolfe, B.Sc.(Melb) (till 

Ms. L. Salvatore (till December 

Ms. H. Stanton, B.Sc.(Hons) (till 

Ph. D. 

1989) 

December 1989) 

1989) 

December 1989) 

Research Students 
Mr. C. Allan, B.Sc.(Hons) 
Mr. .J. Morrison, B.Sc.(Hons) 
Mr. P. Vadiveloo, B.Sc.(Hons) 
Visiting Scientist 
Mr. H. Hidaka, M.Pharm.(Shinshu) 

Lipoprotemn Metabolism 
Laboratories 
Scientific Staff 
Dr .  P.J. Barter, M.B., B.S., 

Ph.D.(ANU), F.R.A.C.P., Deputy 
Director 

Mr. L.H.F. Chang, B.Sc.(Hons), 
M.Sc.(Clin Biochem)( Flind) 

Dr. O.V. Raja.ram, B.Sc.( Hons), 
M.Sc.(Bornbay), Ph.D.(Flind) 

Dr. K-A Rye, B.Sc.(Hons), 
Ph.D.(Flind) 

Technical Stalf 
Ms. S. Devlin, .B.Sc.(Mon) 
Ms. M. Morey, B.Sc.(Zimbabwe) 
Ms. M. Rizzo 
Research Students 
Ms. M. Clay, 13.Sc.(Hons)(ANU) 
Ms. B. Meyer, B.Sc.(Hons) 
Dr. H. Newnharn, M.B., B.S. 
Dr. R. Warren, M.B., B.S., 

Visiting Scientist 
Dr. D. Ebert, ILSc., Ph.D.(USA) 

F. R. A. C. P. 

Pharmacollogy Laboratory 
Scientific Staff 
Dr. J.A. Angw,  B.Sc., Ph.D.(Syd), 

Dr. T.M. Cocks, B.Sc.(NSW), 
Associate Director 

Ph.D.(Lond), Senior Research 
Officer 

Ph.D.( Melb), Senior Research 
Officer 

Dr. M. L.ew, B Sc., Ph.D.(Mon), 
Research Officer 

Technical Stafif 
Ms. P. Arnold, 

B. Sc.( Hons)(Nottingham) 
Mr. P. Coles, B.Sc.(La Trobe) 
Mr. S. Keily, B.Sc.(Hons)(Deakin) 
Mrs. S. King, ILSc.(Hons) (till 

March 1990) 
Mr. M. Ross-Smith, 

B.Sc.(Hons)( Edon) 
Research Students 
Ms. .I. Ward, B.Sc.(Hons) 
Ms. B. Kemp 
Mr. A. Stork 

Dr. G. McPherson, B.Pharm., 

Visiting Scientist 
Dr. D. Pruneau, B.Sc., Ph.D.(Dijon) 

(till March 1990) 

Renal Laboratory 
Scientific Staff 
Dr. W.P. Anderson, B.Sc.(UNE), 

Ph.D.(Adel), Principal Research 
Fellow 

Dr. R.L. Woods, R.Sc.(Qld), 
Ph. D.(Mon) 

Ms. K. Denton, R.Sc., M.Sc.(Mon) 
Technical Staff 
Ms. J .  Lineham, R.Sc.( Hons)( Mon) 

Ms. G. Papasergi, B.App.Sci(PIT) 
Ms. C.J. T’homas, 

Ms. T. Vanderstap, Cert.App.Sci. 

Visiting Scientist 
Dr. Y. Gao, M.D. (Heidelberg) 
Associates 
Dr. D. Alcorn, University of 

Prof. G. Ryan, University of 

(till December 1989) 

B. App.Sci(RMIT) 

(Animal Technology) 

Me1 bour ne 

Melbourne 

Risk Reduction Clinic 
Mr. C. Reid, B.A., Dip.Ed.. M.Sc. 
Sr. J. Jennings, S. R. N. 
Sr. S. Kay, S.R.N. 
Sr. L. Watson, S.R.N. 
Sr. M. Tress, S.R.N. 
Sr. D. Wilson, S.R.N. 
Mrs. J. Broughton 
Ms. C. Voight 
Ms. J. Marchment 
Ms. M. Coates 

Administration, Finance 
and Services 
Administration, Finance and 
Personnel 
Mr. S.C. Price, B.Comm., 
A. A.S. A., Associate Director 
(Management) 

Studies, Accounting 

December 1989) 

Mr. B. Quinn, Cert. Business 

Ms. S.A. James, B.Ec. (till 

Mrs. J. Segal, B.A., M.A., C.B.A. 
Ms. B. Smith (till February 1990) 
Mrs. M. Polsa, Grad.Dip.Secretaria1 

Mrs. C. Chan, B.App.Sci., 
Studies, C.B.A. 

Grad.Dip. Secretarial Studies 
(RMIT)  
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I 

Mrs. J.  Hoskins, B.Sc. 
Ms. M. Barber 
Ms. A. Humphrey (from March  

Ms. A. Millar (from February 1990) 
Ms. T. Novak, Dip.Comm.Studies 

(from September 1989) 
Computer Programmer 
Mr. J. Ricketts, B.App.Sci.(RMlT) 
Photographer 
Mr. T. Zylstra, B.Sc. (till December 

1989) 
Mr. N .  Potter 
Theatre 
Ms. N. Aldred 
The Rouse Family Library 
Mrs.  T. Mor ton ,  B.Sc.(Hons),  

Laboratory Services 
Mr. C.E. Lewis 
Mr. A. Ali 
Ms. J. Pritchard 

1990) 

M. A.(Lib) (till December 1989) 

Biology Research Unit 
Ms. D. Ramsey, C.App.Sci., Animal 

Dr. R. Stanley, B.Vet.Sci.( Hons), 

Technical Staff 
Ms. K. Hauser, Assistant Officer in 

Mr. A. Bons 
Ms. .I. Gmehling 
Ms. M. Hudswell 
Ms. R. Laing 
Ms. E. Langskaill 
Ms. C. Ledingham 
Mr. C. Lekos 
Ms. S. Morley 
Weekend Staff 
Ms. S. Filmer 
Mr. I .  Johnston 
Ms. K.  Walls 

Tech. (Officer in Charge) 

Consultant Veterinarian 

Charge 

Electronics Laboratory 
and Workshop 
Mr. F. Hannemann, B.E., 

Mr. C.G. Lawson 
M.I.R.E.E., Officer in Charge 
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Mr. J .  Kirkas 
Mr. D. Lee 

Alfred Baker Medica 
Unit 
Director 
Professor P.I. Korner, A.O., M.D., 

B.S., M.Sc.(Syd), Hon.D.Sc.(NSW), 
Hon.I).Med.(Melb), F.R.A.C.P., 
F. A. A. 

Deputy Director 
Dr. G.L. Jennings, M.D., M.R., 

B.S., F.R.C.P., F.R.A.C.P. 

Honorary Associate Director 
Dr. P.J. Barter, M.B., B.S., Ph.D., 

F. R. A. C. P. 

Medical Staff 
Dr. P.A. Blombery, M.B., B.S., 

F.R.A.C.P., Ph.D. 
Dr. A. Broughton, M.B., B.S., 

Ph.D., F.R. A.C.P., Assistant 
Physician (till February 1989) 

Dr. A. M. Dart, B. A.( Physiol), 
D.Phil., B.M., B.Ch., 
M.R.C.P.(UK), Assistant Physician 

F.R.A.C.P., Senior Associate 

F.R.A.C.P., Senior Associate 

Assistant Physician 

Honorary Assistant Physician 

Dip.Obs.( RCOG) 

Dr. P.J. Jenkins, M.B., B.S., 

Dr. E. Laufer, M.B., B.S., 

Dr. A. Lim, M.B., B.S., F.R.A.C.P., 

Dr. K.K. Sudhir, M.B., B.S., 

Dr. J .  Prowse, M.B., B.S., 

Dr. J .  Cameron, M.B., B.S. 

Registrars 
Dr. T. Dawson, M.B., B.S. 
Dr. S .  Kent, M.B., B.S. 
Dr. J .  Thompson, M.B., B.S. 

Interns 
Dr. J .  Burnes, M.B., B.S. 
Dr. S. Goldfeld, M.B., B.S. 
Dr. N. Houseman, M.B., B.S. 

Dr. D. Mann-Segel, M.B., B.S. 
Dr. T. Rajam, M.B., B.S. 

Biochemical Pharmacology 
Laboratory 

Dr. A. Bobik, Ph.D.(Sydl, M.Sc., 
B.Pharm., Associate Director 
(Laboratories) 

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

Dr. J. Saltis, B.Sc., Ph.D.(Mon) 
Dr. A. Agrotis, B.Sc., Ph.D.( Mon) 

Dr. G.J. Jackman, B.Sc., 
(from January 1990) 

Ph.D.( Lond), A.R. A.C.I . ,  
A.R.C.S. (till August 1989) 

Dietitian 
Ms. R. Walker, B.Sc., 

Grad. Dip. Diet. 

Clinical Chemist 
Ms. C.J. Oddic, M.Sc. 

Nursing, Scientific and Technical 

Ms. E. Dewar, B.Sc. 
Mrs. S.A. Grinpukcl. M.Sc. ( t i l l  

November 1989) 
Ms. A.N. Grooms, B.Sc. 
Mr. P. Kanellakis, B.Sc. 
Ms. M. Larsen, Vet. Nursing 

Mr. G. Mill, B.Sc.(Hons) 
Ms L. Moeller, B.Sc.( Hons) (from 

November 1989) 
Ms. I,. Nelson, B.Sc. 
Sr. A. Bruce, S.R.N. 
Sr. L. Johnston, S.R.N. 
Sr. J .  King, S.R.N. 
Sr. S. Free, S.R.N. 

Visiting Scientists 
Dr. C. Ferrier, M.D. 
Dr. F. Lacombe, M.D. 
Dr. .J.A. Millar, D. Phil.(Glasgow). 

B.M., B.Ch., B.Sc. 
Prof. V.A. Tkachuk, D.Sc.. Ph.D. 

(Moscow) 
Dr. W.C. Zeng, M.Med. 

Secretary 
Miss N. Scott 

Staff 

Certificate 
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Recent Achievements 

Hypertension 
I .  That early genetically-determined development of 

structural changes in small arteries is the cause of 
primary (essential) hypertension. The critical 
change is a narrowing of the average vascular 
diameter. 

2. Growth factors, such as angiotensin I1 and platelet- 
derived growth factor B-B chain, play a role in these 
changes. 

Exercise 

1. Regular exercise is one of the most reliable life-style 
methods for lowering blood pressure in sedentary 
individuals. 

2. The initial reason for the fall in blood pressure is 
the opening up of new vessels during training. Later 
on, reduction in sympathetic nerve activity helps to 
maintain blood pressure. 

Atherosclerosis 

1 .  Cholesteryl ester transfer protein (CETP) 
determines the proportion of cholesteryl esters 
carried between ‘protective’ high density 
lipoproteins ( H  DL); and ‘atherogenic’ low density 
lipoproteins (LDL). IJnesterified fatty acids (as in 
obesity and smoking) disrupt this equilibrium, so 
that more cholesterol is carried by 1,DL 
lipoproteins, leading to increased risk for developing 
heart attack. 

2. Resistance of the arterial wall to atherosclerosis is 
reduced after injury, owing to degradation by 
scavenger macrophages of heparin-like material in 
the artery wall. Reduction of this material changes 
muscle cells from their normal contractile state to 
one where they divide and accumulate fatty 
material. 

Natural Substances 

1.  Discovery of the circumstances of release of the 
hormone, medullipin, when pressure increases in the 
kidney. The hormone is transformed by the liver 
and lowers blood pressure. 

2. A natural substance. Iwconotoxin, derived from 
sea-snails, blocks calcium entry in sympathetic 
nerve endings, resulting in specific reduction in 
noradrenaline release. 
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President's Report 

J .  W o i ~  

The year again marks a period 
of excellent scientific progress by 
the staff of the  Insti tute.  O u r  
accomplishments are all the more 
creditable since they have been 
performed against a background of 
general difficulties in the Australian 
economy which have left their mark 
on the Baker Institute. 

One highlight of the year was 
the official designation of the Baker 
lns t i tu te  by the  World Health 
Organisa t ion  ( W H O )  a s  a 
Collaborating Centre for Research 
and  Training in Card iovascular  
Diseases. We are the first Australian 
institution to be designated in this 
way. Dr. Sang Tae Han, the World 
Health Organisa t ion  Regional 
Director for the Western Pacific 
Region, together with senior officials 
f rom the  Commonwea l th  and  
Victorian Health Departments, was 
with us on  4 th  April ,  1990 to  
inaugurate this change in our status. 
He emphasized the international 
nature of research into the causes 
of high blood pressure and  
atherosclerosis. He commended our 
basic research and our most recent 
venture into the community health 
field. WHO obviously regards the 
lnstitute as an important resource 
and was confident that we would 
contribute to a number of global 
programmes aimed at the prevention 
of heart and vascular disease. 

The linchpin of o u r  community 
health effort is of course the Heart 
Risk Reduction Clinic, which was 
built through the herculean efforts 

of the Rotary Club of Melbourne. 
It has added a wonderful string to 
our bow, but has given us some 
headaches to find new sources for 
financing its ongoing operation. 1 
am happy to report that the National 
Mutual Life Association has decided 
to help support the Clinic and has 
provided us with a grant of $250,000 
over a period of five years to help 
defray its running expenses. We are 
particularly grateful t o  Mr .  Gil 
Hoskins, the National Mutual Life's 
Managing Director, for his interest 
and suppor t .  T h e  public health 
research program of the Clinic has 

received much needed support from 
the  Victorian Health Promotion 
Foundation, who have provided a 
grant of $ I  million. over a period 
of 3 years. The grant is large, but 
it is needed to run a very substantial 
novel research programme, for which 
it will be fully used. 

1 have much plcasure in 
acknowledging our many continuing 
supporters. First among these is 
of c o u  r se C o ni m o n we a It h 
Governmen t ,  who suppor t s  us 
through a Block Institute Grant 
f rom the  National Health and  

~ Medical Research Council. Next 

t he 

W O R L D  b I E A L  I l l  ORGANISATION M O N D I A L €  

O R G A N I Z A T I O N  DE L A  SANTE' 

REGIONAL OCFICE FOR 1HE WESTERN PACIFIC 
BUREAU REGIONAL DU PACIFtOUE OCCIDENTAL 

Piolessoi P I Koinei 
Diiector 
Bakei Medical Reseaich Institute 
Commercial Road Prahran 
P 0 BOX 348 
Piahran V 4 a  
Awstialia 3181 

14 June 1989 

Dear Professor Kotner 

I have pleasure In inlormlng you lhat the World Health Organization after 
consultallon with your Government, has designaled the Baker Medical Research 
Inslitute, Melbourne, Australia as a WHO Collaborating Centre for Research and 
Training in Cardiovascular Diseases As previously agreed you wil l  be Ihe head 
of Ihe Centre 

The terms 01 relerence ot the Centre will be as follows 

(1) To carry out research and training in the field of cardiovascular diseases 
wilh special relerence to the primary prevention and control 01 hypertension and 
atherosclerosis. 

(2) To collect. evaluate and disseminate mlorrnalion on cardiovascular 
disease research 

(3) To advise WHO and provide information I 0  olher collaborating centres 
in Ihe field of prmary prevention and treatment 01 hypertension and alherosclerosis 

Centre for Research and Trainlng in Cardiovascular DKeJbes wlll be effective for a 
period of four years a s  from Ihe dale of this letter Either party may howevet revoke the 
designation in any year by giving notice 01 its intention to do so three months belore the 
end of lhat year Unless redesignation procedures have commenced prior to May 1993 
the dcwgnation ot your Institute as a WHO collaborating Centre wlll automatically lapse 

The designation of the Baker Medical Research Institute as a WHO Collaborating 

Looking lorward to our successlul cooperation. I remain 

Yours sincerely, 

S T Hdn. MO. Ph.0 
Regtonal Oirectoi 

~~ ~ ~~ ~~ 

Of/{( iul letterfrom Dr Hun of the World Heulth Orguniwrron 
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P 

come the Baker Benefactions, who 
have given us over $I million this 
calendar year. We are deeply grateful 
to the Victorian Government who 
have significantly increased their 
overall support to medical research 
in this state. They have increased 
their contribution to our  
maintenance by doubling it from 
$300,000 to $600,000 p.a. and 1 
belicve this is a prudent and far- 
sighted investment in  preventive 
medicine. The Glaxo Programme for 
pharmacological research has been 
expanded further and I express the 
Board’s sincere gratitude to Mr. Ken 
Windle, Managing Director of Glaxo 
(Australia),  who has  been 
extraordinarily helpful in facilitating 
our interaction with the international 
company. We are also grateful to the 
many contributors, both new and 
long-standing whose support is so 
critical for our research. 

Despite this excellent support, 
the Institute has had an exceptionally 
difficult financial year, where some 
belt-tightening has been necessary. I 
record the Board’s appreciation to 
o u r  Director and his senior 

colleagues for their skill in steering 
us through the difficult times. Our 
income from both government and 
private sector needs to increase 
further to keerl up with the rising 
costs of medical research. 

This year marks the end of 
Professor Paul Korner’s term of 
nearly 16 year: as Director of the 
Baker Institute. The  Institute’s 
standing in Australia and overseas 
owes much to his leadership and to 
his talents in ;attracting a staff of 
excellent scienti:its. His contributions 
to medical research were recognised 
in this year’s Australia Day Honours 
list, where he became an Officer 
inthe Order O F  Australia; sh.ortly 
before that,  hc was awarded an  
HonoraryDoctoi-ate in Medicine by 
the University of Melbourne. We will 
miss him, particularly as he and his 
dear wife, Jenni.fer, have decided to 
return to their home in Sydney to 
be closer to their family. Paul is not 
the retiring typ: and has indicated 
that he is keen to continue a scientific 
association with the Institute on a 
part-time basis. He has left the place 
in good order for his successor, 

Professor John Funder. 
John Funder comes to us with 

a n  excellent track-record in medicai 
research. From discussions with him. 
I can say that the focus of the 
Institute’s research will remain in the  
cardiovascular research arca, with all 
our  a reas  of strength likely to 
continue. Professor Funder will bring 
a group of neuro-endocrinologists 
with him, which will increase the 
range of basic science disciplines in 
the Institute. 

I want to conclude by thanking 
all my colleagues o n  the Hoard ol 
Management for their support and 
the staff for their dedicated effort. 
I am particularly grateful to Joan 
Gr imwade ,  David Wittner a n d  
David Butler for their work on the 
Ladies’, Development and Finance 
Committees. The Hoard has every 
confidence that, given the excellence 
of our scientific staff, the Institute 
faces an excellent scientific future. 
With patience, perseverance and 
continuing public suppor t ,  o u r -  
financial problems will be overcomc. 

15 



B A K E R  M E D I C A L  R E S E A R C H  I N S T I T U T E  

Director’s Report and Scientific Highlights 

I+( i l c \  U i r  i i ( i r t i c r  

T h i s  is my las t  r e p o r t  a s  
D i r e c t o r  o f  t h e  B a k e r  M e d i c a l  
Research Inatitutc. T h e  period of 
nearly 16 years since 1 arrived here 
from Sydney in January  1971 has 
passed all too quickly. I t  has  been 
a m o s t  c r e a t i v e  a n d  w o n d e r f u l  
period. I came accompanied by five 
young and hopeful researchers J ini  
Angus,  Warwick Anderson,  Peter 
Fletcher, Peter Hlombery and my 
longstanding assistant, Judy  Oliver. 
We m a r v e l l e d  a t  t h e  Inst i tute’s  
excellent physical facilities (built by 
my predecessor, Tom Lowe) and  
wondered how we would ever fill 

them.  We need n o t  have fretted 
ourselves, a t  least on that score. as  
t h e  p lace  is  n o w  b u l g i n g  wi th  
scientists and space is a t  a premium. 

T h e  close links between the  
lnstitute and the Alfred Hospital 
p rovided  a n  unparalleled o p p o r -  
tun i ty  of linking labora tory  a n d  
clinical science and 1 believe we have 
made good use of it. T h e  Institute’s 
affiliation with Monash University 
was important, since it has allowed 
us  t o  play a p a r t  in  t r a i n i n g  
H o n o u r s ,  Ph.D.  a n d  M a s t e r s -  
students. 

1 was extraordinarily fortunate 

that my arrival i n  Mclbourne helped 
to  attract some very bright scientists, 
who shared my vision ol a national 
cardiovascular r-esearch institute. I 
have already mentioned .Jim Angus 
a n d  Warwick A n d e r s o n ,  who 
subsequently becamc thc rcspective 
heads  of t h e  Pharmacology a n d  
Renal 1,aboratories. B o t h  have given 
me tremendous support .  J i m  has 
also assisted with the  Institute’s 
ad ministration since hi s appoint men t 
a s  Associate Director from January,  
1990. Alex Bobik had come from 
S y d n e y  a y e a r  before  m e  a n d .  
through my entire period, has been 
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a tower of strength in our work on 
biochemical aspects of hypertension. 
Garry Jennings came soon after my 
arribal and has been responsible for 
the outstanding success of our basic 
c I i n i ca 1 rese a rc h i n hypertension . 
Murray Esler has pioneered new 
methods for measuring sympathetic 
nervous system activity, which arc 
now well recognired throughout the 
wor-Id. For this he received the 1989 
Wellcome Australia Medal and 
Auard. My own group, including 
Geoff Head and Pat Ilorward, has 
worked on a range of topics related 
to  neuro-hormonal control of the 
circulation. Most importantly, Paul 
Nestel .joined the Institute in 1977 
and. through his work in athero- 
sclerosis, ensured that the Institute's 
hori/ons extended beyond hyper- 
tension research. He brought a strong 
g roup  f rom Canber ra ,  which 
included Noel Fidge, who all 
provided outstanding expertise in 
lipoprotein biochemistry. Noel Fidge 
has since extended his activities to 
the protein chemistry and molecular 
biology of atherosclerosis. To have an 
outstanding researcher like Paul 
Nestel as a leading member of our 
team was a great boost and the 
Institute is greatly in his debt. No t  
long afterwards, Kerin O'Dea joined 
the team as an expert i n  nutritional 
biochemistry. In ano the r  a rea ,  
Gordon and Julie Campbell brought 
a fresh and original approach with 
their work on the cell biology of 
atherosclerosis. Frank Kosenfeldt 
developed an experimental cardiac 
surgery laboratory, with the goal of 
making open heart surgery better 
and safer, which has come into its 
own in relation t o  the  Alfred 
H 0 s  pit a1 's hear t  t ransplan t  a t  ion 
programme. Arch Broughton and 
Joe Smolich added to our knowledge 
o f  card iac  enlargement.  J o h n  
Ludbrook joined us from Adelaide 
and Elspeth McLachlan  f rom 
Monash  and  their  work greatly 
increased the range of our research 
effort in different areas of circulatory 
control by the autonomic nervous 
system. 

This group was responsible for 
the rapid recognition of the Institute 
as a major force in the Australian 

research scene, culminating in 
theaward to us in 1982 of a Block 
Institute Gran t  by the National 
Health and Medical Research 
Council (NHMRC). Over the past 16 
years, we have, of course,  had 
numerous staff changes and several 
of ou r  swans have taken up  
important positions elsewhere. The 
new arrivals, including Philip Barter, 
Alana Mitchell, Tom Cocks, Peter 
Lit t I e , G rant M c 1' he r s on , Ro by n 
Woods, Elimbeth Woodcock, Tony 
Dart, Graeme Eisenhofer, Rod Dilley 
and several others, have ensured the 
maintenance of our high scientific 
standing. 

Many of our present and former 
senior staff are now international 
figures, well known in their own 
right. This has certainly given me 
great satisfaction. Their work has has 
helped attract an increasing number 
of visiting scientists from all over the 
world. Over the last 16 years, we 
have had almost 100 post-doctoral 
scientists arid a number  of 
distinguished scientists, including 
.lim Black, Bjorn Folkow and lrwin 
Kopin. Their presence has enriched 
us greatly and 1 believe they, in turn, 
have learned something from our 
particular approach  to  problem 
solving. We have had the benefit of 
advice f rom our  international 
scientific advisors, including Dick 
Havel, Cliff Barger, Alber to  
Zanchetti and Yukio Yamori. This 
has been of the utmost value at a 
number of critical phases of our 
development. 

You have heard f rom our  
President that we have become a 
World Health Organisation 
Collaborating Centre for Research 
and Training in Cardiovascular 
Diseases. The Baker Institute has 
also been the chief co-ordinating 
centre for closer links with the USSR 
in the c:irdioviiscular field. We are 
currently working on closer ties with 
France. Scientific problem solving is 
an  international affair and it is 
important to be part of the network. 

Rapid problem solving is what 
institutions such as ours are about. 
Having different basic disciplines 
under  one  roof has  helped t o  
increase the breadth and boldness of 

ou r  biological thinking. Few 
scientists who have not worked in 
this kind of atmospherc, realise just 
how exciting and intellectually 
st imulating is the  ability to 
complement the capacities of' one's 
scientific colleagues i n  \ O I L  in$ 
i m p o r  t an t  b io me d i c a 1 p r o b I e in \ .  

Research is often about  seizing 
opportunities at the right time and 
the structure of a research institute 
enhances the probability of t h i <  
occurrence. What niakcs the Baker 
Institute unique has been the very 
close integration of laboratory a n d  
clinical research. O u r  clinical 
research focuses on basic human 
physiology and pathophysiology and 
the hypotheses arising from this art: 
often pursued at scwral analytical 
levels in animal and cell culture 
experiments. This strong interactive 
setting between Institute and Clinical 
Research Unit (recently and very 
appropriately renamed Alfred-Baker 
Medical Unit) is something that 
should be cherished. 

Our longstanding affiliation with 
the Alfred Hospital has becn placed 
on an even firmer footing through 
the recent re-negotiation o f  a n e ~ '  
affiliation agreement. One of my 
somewhat rash decisions about 3 
years ago  was to  accept tht: 
cha i rmanship  of the Board of' 
Management of the Alfred Group of  
Hospitals. The role of the Hospital 
President is like the old-fashioned 
definition o f  'neutral' as someone 
with whom all sides are at war! 
However, working on the Board of' 
the Hospital  makes it  instantlq 
obvious just how important it is to 
greatly increase the amoun t  of 
research performed in major teaching 
hospitals. This is the only way to 
solve the very real problems that face 
the health care system in an age 
when public demand for services is 
in excess of available resources. 
Against  a national health care 
expenditure of $20 billion p.a., the 
overall Australian research ex- 
penditure of about $150 million p.a, 
is derisory. 

The Baker Institute has suffered 
from underfunding by the Federal 
Government for most of the time we 
have been here. In terms of scientific 
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productivity, we compare favorably 
wi th  t h e  o t h e r  g r e a t  A u s t r a l i a n  
medical research institutes, but this 
is not reflected in relative N H M R C  
funding. O u r  Block Institute Grant  
from the N H M R C  covers only 38% 
of our  expenditure. This  is too low 
~ it should be closer to 50%) and it 
must be increased if our  financial 
difficulties in 1989 are not to  recur. 
T h e  Vic tor ian  G o v e r n m e n t  h a s  
recently recognised the importance 
of the State's research institutes and 
has doubled its contribution to  our  
maintenance grant. This  owes much 
to the vision of Peter Sheehan, the 
former Director o f  the Department 
of Management and Budget, and to 
D a d  White and Caroline Hogg. the 
pas t  a n d  present  M i n i s t e r s  for  
Health. In addition, the Victorian 
Health Promot ion  Foundat ion ,  a 
product of the tax against tobacco 
sales. has  financed our first major 
public health research project on  
improvements i n  early prediction o f  
risk from cardiovascular disease and 
on the  development  of o p t i m u m  
strategies for reversal of risk. A lot 
is said these days by government 
about commercialisation of research. 
We, of course. d o  some basic drug 
research  in  c o n j u c t i o n  wi th  t h e  
pharmaceut ical  industry. bu t  o u r  
research is predominant ly  in the  
'pub I ic i n t e res t ' a re na . T h i s , too, 
brings financial benefit of national 

value. We must recognise that any 
significant measure that prevents the 
d e v e l o p m e n t  of  c a r d i o v a s c u l a r  
d i s e a s e  will resul t  i n  as g r e a t  
financial savings as  those associated 
with t h e  d e v e l o p m e n t  o f  m o s t  
marketable drugs or devices. In the 
c o n t a i n m e n t  of  hea l th  cos ts ,  
prevention is the name of the game! 

I have spoken of my indebt- 
edness to  my scientific colleagues 
and, indeed to all the staff of the 
Institute, including my secretary, 
Judy  Segal, and,  of course, Judy  
Oliver. I want to add how deeply 
grateful I am for their undeviating 
s u p p o r t  t o  t h e  three  Presidents .  
under whom I have served ~ .John 
Habersberger, Sir  Laurence Muir  
and J o h n  Moir and to  all members 
of our Board of Management. They 
have had e n o r m o u s  fai th  in the  
Institute's scientific goals and have 
mostly found the means by which wc 
could achieve them. Last, but not 
leas t ,  we l e a r n e d  a lot  a b o u t  
f u n d r a i s i n g  f r o m  Mike  D o w n e s  
during the seventies and the tradition 
has  continued culminating in the 
Rotary appeal under Simon Price. 

I must pay public tribute to my 
wife, Jennifer. She has been a tower 
of strength throughout my career 
and.  in the early days of our stay 
in Melbourne, acted as  'mother' t o  
the young group of researchers at the 
Institute. She is held in affectionate 

regard by all. 
1 want to conclude with my very 

bes t  wishes  for  t h e  f u t u r e  all 
members of the staff. O u r  affiliation 
with the hospital will ensure strong 
clinical focus in our basic research. 
This  is a good way of keeping our 
feet on the ground rather than in the 
clouds. T h e  affiliation with Monash 
University requires updating. O u r  
staff deserve better recognition by the 
llniversity and our research training 
resources could be better used. I 
have  e v e r y  c o n f i d e n c e  t h i s  will 
eventually come about .  since the 
Dean, Professor Robert Porter. has 
been most supportive of. these goals. 

I fcel conf ident  t h a t  my 
successor J o h n  Funder hill bring the 
I n s t i t u t e  a wholc  r a n g e  0 1 '  ncm 
concepts on endocrine aspects of 
c i r c u l a t o r y  regula t ion  a n d  % i l l  
increase the Institute's capacities in 
ce l lu la r  a n d  molecular  biology. 
'These. a d d e d  t o  t h c  ex is t ing  
strengths, will make the Institute's 
scientific future bright indeed. 

Scientific Highlights 
This  year I h a w  concentrated 

on a small nunibcl- of' topics instead 
of  a g loba l  o \e r - \  i e u .  A m o r e  
detai led account  i 4  g i \ c n  in thc  
i nd iv idu a1 I a bor a t or y 1-e por- t 5 .  

Hypertension 
O n e  feature of the circulation 

in hypertension i \  t h e  occiii-reiice of 
s t r u c t u r a l  c h a n g e \  i n  t h e  ~ i i i a l l  

ar t  c r ic s, with c n I a rgc ni t' r 1 t o 1 t h ei  I' 
smooth muscle coat .  H >  perten\ion 
means elevation of blood prt..3\urc 
and the  above  change\  occur  i n  
patients with cittiei pi-iriiar!, (i.c ot 
LI n k n o w n c a  11 sc \  ) o r  i cc,o ii ii a r >' 

hypertension (i.e. oI n i t  ti k i i o \ ~  11 

pathology. e.g. renal \ t c n o h i \ ) .  I hey 
also occur in animal\ i b i l  h pr-iniar! 
hyper tens ion  ( c , g . s p o n t ;t n c ( 1  11 \ 1 
hyper tens ive  ra t .  SHK) o r  v,ith 
secondary hypertension Sornc ol' 
our  recent work h a s  highlighted the 
critical features o l  the  s t ructural  
c h a n g e s  t h a t  a r c  i m p o r t a n t  in 
hypertension (Angus. Korner). Tlic 
most  i m p o r t a n t  p r o p e r t y  is t h e  
narrowing o f  the avcragc internal 
diameter of the small arteries. due 
to enlargement of the muscle cells 
a n d / o r  due to stiffening of the wall 
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of the artery. T h e  narrower artery 
ensures  t h a t  d u r i n g  all kinds of 
stimuli, there is ‘amplification’ of the 
changes in resistance to blood flow. 
F o r  a g iven  d e g r e e  of  muscle  
s h o r t e n i n g ,  t h e r e  is a g r e a t e r  
narrowing of the vessel than normal. 
resulting in greater changes in blood 
pressure. We were the first to show 
that, in chronic hypertension, the 
amplifier properties are responsible 
for more than 705; of the mainten- 
ance o f  blood pressure at a high level 
(Anderson,  Woods, Korner). This  
has application to  the treatment of 
human hypertension: the aim of drug 
treatment must be, not only to  lower 
blood presssure but to  cause reversal 
of structural changes. This  varies 
substantially with different drugs  
(.lennings, Esler, Korner). Those that 
produce substantial reversal of the 
structural changes cause a longterm 
effect once treatment is stopped, with 
a much slower rise in blood pressure 
to its previous high levels. Under 
these  c o n d i t i o n s ,  it is eas ie r  to 
maintain blood pressure at  normal 
levels by ‘life style measures, such as  
diet, weight reduction and exercise. 
In hypertension, veins too undergo 
s t r u c t u r a l  c h a n g e s  a n d  a r e  less 
dis tensible  t h a n  normal  (Sudhi r ,  
Angus, Korner). 

‘The structural changes in the 
small arteries have traditionally been 
considered to be the direct result of 
having  t o  cons t r ic t  aga ins t  a n  
increased pressure load. However, we 
h a w  recently found that in the S H R .  
t h e  ampl i f ie r  p r o p e r t i e s  deve lop  
before the rise in blood pressure 
( A d a m s ,  B o b i k ,  K o r n e r ) .  T h i s  
sugges ts  t h a t  t h e  under ly ing  
structural changes are the cause of  
primary hypertension. In addition, 
we showed tha t  brief per iods of 
treatment of S H R  before the age of 
14 weeks with ACE inhibitors (drugs 
that prevent the production of the 
pressor hormone angiotensin 11, Ang 
I I) ,  produce permanent attenuation 
of hypertension, by preventing the 
d e v e l o p m e n t  of  t h e  ampl i f ie r  
properties of the small arteries a t  a 
critical time in post-natal life (Bobik, 
A d a m s ,  K o r n e r ) .  C i r c u m s t a n t i a l  
evidence suggests that the action of 
A C E  inhib i tors  o n  t h i s  t y p e  of  

longterm a t t e n u a t i o n  of  a r t e r i a l  
structure is through Ang 11, located 
in the wall of the blood vessels. 

This  has led t o  the hypothesis 
that the structural changes occur as  
a variant of normal development. 
The  vessels necd to be only 5 ~ 10%’ 
thicher than normal vessels to  lead 
to the development of hypertension. 
Current ly ,  we a r e  focusing o n  a 
number of likely ‘factors’ that  may 
play a role  ( B o b i k ,  G r i n p u k e l ,  
Grooms. Saltis). Ang I 1  appears to  
act on muscle growth in conjunction 
with platelet-derived growth factor 
H-B c h a i n .  T h e  s y m p a t h e t i c  
transmitter, noradrenaline, may play 
a role, a s  wt:ll as  growth factors 
re leased f r o m  t h e  cells of  t h e  
endothe l ium t h a t  line t h e  b lood  
vessels. In  ti5sue culture, vascular 
smooth muscle cells from S H R  grow 
m o r e  rap id ly  t h a n  cells f r o m  
normotensive animals. This  is due to  
b o t h  a n  increased  sensi t ivi ty  t o  
spec i f ic  g r o w t h  fac tors  a n d  t o  
reduced susceptibility to a number 
of  o t h e r  fac tors  t h a t  inh ib i t  
replication. 

How d o e s  all th i s  re la te  t o  
hypertension i n  patients‘! We are, a t  
present, trying to improve current 
m e t h o d s  ava i lab le  for  ear l ie r  
recognition of abnormal structure in 
i nd ividuals  tles t ined  t o  deve lop  
hypertension (Jennings, Dart ,  Laufer, 
S u d h i r ) .  T h e  m e t h o d s  inc lude  
d is c r i m i n a n t fu n c t io n a n  a I y s i s t o  
p e r m i t  ear ly  recogni t ion  of  
abnormali t ie . ,  in (i) s t r u c t u r a l  
changes of thc small arteries in the 
retina; (ii) structure and function of 
the left ventricular muscle; and (iii) 
increased stiffness in veins. 
Atherosclerosis 

Our research has concentrated 
on the question of why individuals 
with increased plasma concentrations 
of high densi1.y lipoprotein ( H D L )  
are less susceptible to  atherosclerosis 
and associated heart attacks. H D L  
plays a role in removing cholesterol 
out of cells anti one area of research 
has examined ):he ‘receptor’ by which 
H D L  attaches itself to  cells. This  has 
involved purif’ieation of the H D L  
receptor and  analysis of structure 
(Fidge, Mitchell). 

O n e  a r e a  of  research  h a s  

focused o n  t h e  proper t ies  o f  a n  
i m p o r t a n t  p r o t e i n  c a r r i e r  of 
cholesterol ,  t h e  cholestcryl  es ter  
t ransfer  p r o t e i n  (CETI’) .  T h i \  
d e t e r m i n e s  t h e  p r o p o r t i o n  o f  
cholesteryl  es ters  car r ied  by the  
d if fe r e n t  1 i p o p r o t e i n f r  ac t i o n s .  

including H D L  a n d  low densi ty  
lipoproteins ( L D L )  (Barter, Rye). 
T h e  former ‘protect’ against heart 
attacks, whilst the LDL lipoprotcin 
are much more athcrogcnic (Barter. 
Rye). O n e  important  f’inding h a j  
been that the capacit), 01’ H I > L  to 
accomodate cholesterol is markcdly 
reduced by the interaction between 
CETP and unesterified fatty acids. 
resu l t ing  in  m a s s  t r a n j f c r  ot 
cholesterol to  I , D I ,  lipoproteins. 1-tic 
f a t t y  ac ids  inercasc  i n  obesi ty .  
smoking and diabetes, which ai-e all 
factors  t h a t  increase thc  risk of’ 
developing heart attacks. 

Good progress has been made 
on the cell biology of athcrosclerosis. 
Smooth  muscle cells arc of critical 
i m p o r t a n c e  in t h e  f o r m a t i o n  of  
e h o I e s t e r o 1- c o n  t a i n in g p I ;i q u e 5 i n 
large ar ter ies .  T h e  cells a r c  not  
normal contractile muscle cells, but 
become transformed into cells that 
accumulate fatty particles and a te  
highly sensitive t o  factors  which 
promote cell division (Campbell anti 
Campbell). Whethcr 01- not smooth 
muscle  is in  t h e  ‘contract i le’  01- 

‘synthetic’ state is detcrniincd by the 
m a t r i x  mater ia l  s u r r o u n d i n g  the  
muscle cells, which includes com- 
pounds called glycosaniinoglycaris. 
One  of these, heparan sulphate. i c ,  
probably the most important from 
the viewpoint of the athcrosclerosis. 
It has  long been thought that t h e  
starting point of the atherosclerotic 
process is injury of the arterial wall. 
O u r  work has  indicated that, after 
injury, macrophages (scavenger white 
cells) enter the wall and degrade the 
h e p a r a n  s u l p h a t e  in t h e  m a t r i x ,  
thereby increasing the proportion 0 1  
s m o o t h  muscle cells in the  non-  
contractile state (Campbell). 
Clinical Physiology of Exercise 

Several years ago, we were thc 
first to  show that  regular exercise 
was a most effective way of lowering 
blood pressure, both in subjects with 
h igh  a n d  w i t h  n o r m a l  b lood  
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pressures (Jennings, Esler, Korner). 
To help work out the underlying 
mechanisms, we examined in detail 
the time course o f  the changes in 
blood pressure, vascular resistance, 
heart rate and autonomic activity 
(Meredith. Jennings, Esler, Korner). 
We found tha t  the fall in blood 
pressure was well established very 
early by about third bout of exercise, 
but lowering of resting heart rate and 
sympathetic activity took longer and 
was established only after about 2 
weeks from the start of training. It 
i s  therefore unlikely that they are 
responsible for the early fall in blood 
pressure, which is probably due to  
remodelling of the vascular bed of 
the active skeletal muscle vessels as  
a resul t  of t r a i n i n g .  However ,  
reduct ion in sympathe t ic  activity 
helps to maintain blood pressure at  
low levels from about 2 weeks after 
the start of training. We found that 
when t r a i n i n g  s t o p p e d  , b o t h  
s y rn p a  t he  t ic act ivi ty  a n d  b lo o d  
pressure remained low, so that the 
sympathetic changes appear  longterm 
ones. T h e  take-home message for 
regular joggers is that one need not 
be too compulsive and worry about 
missing t h e  occas iona l  b o u t  of  
exerc ise .  T h e  reduct ion  of  
sympathet ic  nerve activity dur ing  
chronic  exercise affects the  renal 
sympathetic nerves very selectively 
(Mercdith, Esler. Jennings) and is 
probably due to signals f rom the 
remodelled hear t  associated with 
t r a i n i n g  ( D a r t ) .  Exerc ise  a l so  
p r o d u c e s  longtcrm c h a n g e s  in  
b a r  o re c e p t or - he  a r t  r a t e  ref lex 
properties and in ‘intrinsic’ heart rate 
( a f t e r  a u t o n o m i c  b lockade)  
(Kingwell, Dart ,  Jennings). In some 
ways it is extraordinary that with 
something that  is a s  common a s  
exerc ise ,  it is on ly  n o w  t h a t  
information about  these important 
physiological mechanisms has  come 
to light. 

Circulatory Control 
This  encompasses a large range 

of topics, including regulation by the 
brain,  au tonomic  nervous system 
and various local and circulating 
hormones and the role of the kidney. 

In  t h e  b r a i n ,  we h a v e  

concentrated in recent years on  the 
noradrenergic system of nerve cells 
in the hindbrain (Head,  Korner). 
These neurons appear  to  be a major 
inhibi tory system o n  sympathet ic  
constrictor function and also have a 
cardio-depressor effect on vagus and 
c a r d i a c  s y m p a t h e t i c ,  T h e y  a r e  
critical to  the central action of well- 
k n o w n  a n t i - h y p e r t e n s i v e  d r u g s ,  
i n c l u d i n g  a - m e t h y l d o p a  a n d  
clonidine. 

O v e r  m a n y  years ,  we h a v e  
studied circulatory reflexes in the 
i n t a c t  o r g a n i s m ,  which  a r c  
c o m p o u n d  ref lexes  e v o k e d  in 
response t o  a number of inputs f rom 
di f fe ren t  p a r t s  o f  t h e  b o d y .  In  
chronic hypertension, depression of 
constrictor and heart rate reflexes is 
common. We have recently found 
that depression occurs in response 
to  pressure-sensitive signals from the 
hear t  a n d  lungs (Korner ,  Oliver, 
Head, Dorward). This  mechanism 
has advantages to  the organism in 
(i) placing a brake on the vascular 
amplifier properties, thus limiting 
further rises in blood pressure; (ii) 
limiting the degree of dilatation of 
the enlarged and stiff hypertensive 
heart. 

Other  work has dealt with the 
question of the relative importance 
of sympathetic nerves and hormones 
in circulatory regulation in moderate 
h e m o r r h a g e  ( K o r n e r ,  C o u r n e y a ,  
Oliver ,  W o o d s ) .  T h i s  w o r k  h a s  
indicated how much more effectively 
the autonomic nervous system acts 
to maintain blood pressure during 
moderate hemorrhage than d o  the 
m a j o r  pressor  h o r m o n e s .  T h e  
autonomic nervous system i s  finely 
tuned by signals arising from both 
a r t e r i a l  a n d  c a r d i a c  p r e s s u r e  
sensitive receptors  a n d  s t imula te  
both heart and kidney. 

T h e  human autonomic function 
laboratory has developed a range of 
new m e t h o d s  f o r  q u a n t i f y i n g  
regional sympathetic activity (Esler, 
Eisenhofer). O n e  important  recent 
f i n d i n g  h a s  been  t h e  select ive 
i n c r e a s e  in  c a r d i a c  s y m p a t h e t i c  
activity dur ing  laboratory-induced 
mental stress. 

T h e  Pharmacology Laboratory 
h a s  b e e n  w o r k i n g  w i t h  a t o x i n  

secreted by a rather beautiful sea- 
snail (Angus. Pruneau). ‘I he toxin, 
w - c o n o t o xi n , s p c c i al 
‘c h a n  nel s’ i m p o r t  a n t  i n ca Ic i u rn 
movement into sympathetic nerve 
endings, which regulate release o f  
t r a n s m i t t e r .  T h i s  c h a n n e l  may 
provide a target for a new typc of 
drug .  O t h e r  work rclatcs t o  t h e  
regula t ion  of  p r o d u c t i o n  of t h e  
peptide endothelin (Cocks, Angus), 
which  m a y  play a role  in t h e  
product  ion of v a s o p re ss i  n . M ;ij o r  
f o c u s  h a s  b e e n  o n  f a c t o r s  t h a t  
determine reactivity of blood vessels 
in hypertension and he a I- t I’a i I u re 
and in collateral coronary ~ e s s e l s  
(Angus, Sudhir, Ward. McPticrson, 
Cocks, Broughton). and thanks to 
c o - o p e r a t i o n  w i t h  t h e  Alf red  
H o s p i t a l ,  we have  h a d  t h e  
opportunity of studying. l’or the first 
time, material f rom small human 
coronary arteries. 

T h e  Renal 1.aboratory has been 
s tudying the  role of’ :I hormone,  
medullipin, produced by the kidney 
(Anderson, Woods. I k n t o n .  Christy, 
Oliver). Intensive work began in this 
field following Bjorn Folkou’s visit 
h e r e  las t  year .  T h e  h o r m o n e  i s  
produced in response t o  rises in 
blood pressure and one question is 
whether it plays a role during small 
changes in pressure o r  whether it 
comes into play during huge pressure 
rises, a s  a n  emergency mechanism. 
Experimental Heart Surgery 

D u r i n g  1989 90. F r a n k  
Rosenfeldt’s laboratory served as  a 
s ign i f icant  r e s o u r c e  for  t h e  
t ransplant  a t  io n program me under  
M r .  D o n  E s m o r e ,  head  of t h e  
transplantation program. This  has 
been one of the Alf‘red Hospital’s 
ma.jor recent success stories and the 
results obtained have been better 
t h a n  t h e  world’s bes t .  D r .  
Rosenfeldt’s work on  myocardial  
preservation, patiently perfected over 
the last 15 years, has  also come into 
its own and has  allowed us to bring 
donor  hearts to  the Alfred Hospital 
f rom far afield. T h e  record has been 
a d o n o r  h e a r t  f r o m  N o r t h  
Queensland, which was preserved 
over S hours 10 minutes and doing 
very well in its new recipient. 

b I oc k s 
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Paul lwan Korner 
- An Appreciation 

Paul Korner  will retire a s  
Director of the Baker Medical 
Research Institute in September 
1990. I6 years after taking up his 
appointment in 1975. He inherited 
an Institute which had over almost 
50 years established a reputation in 
general medical research. Paul saw 
the need for the  Insti tute to  
concentrate on one principal area of 
medical research, and he has built 
the lnstitute into a thriving centre 
of research into card iovascular  
disease. 

In building a cent re  of 
in te rna t iona l  repute,  Paul  first 
established his own group working 
on high blood pressure and the 
regulation of blood pressure. He 
then added other complementary 
groups. These groups were usually 
based around a promising young 
scientist, such as .lulie Campbell in 
smooth muscle ccll biology, J im 
Angus in card iovascular  
pharmacology, Mur ray  Esler in 
human autonomic function, Carry 
Jennings in cardiology, Warwick 
Anderson in physiology, Alex Bobik 
in  biochemical pharmacology, and so 
on. The appointment of Paul Nestel, 
with protein chemist Noel Fidge, 
and other first rate scientists, to 
establish a strong research effort in 
atherosclerosis was also crucial to 
the development of the Institute as 
a broadly based card iovascular  
centre, a s  was the appointment of 
Philip Barter following Dr. Nestel’s 
appointment to the Head of the 
CSlKO Division of Human  
Nutrition. 

Perhaps the most important 
part  of the development of the  
Insti tute a s  a comprehensive 
card iovascular  cen t re  has  been 
Paul’s fostering o f  close l inks 
between clinical and basic research, 
between the clinical research unit 
and the more basic laboratories at 
the  Insti tute.  C a r r y  Jennings’s 
energy and skill in building the 
Clinical Research Unit under Paul’s 
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guidance has been essential to the 
integrated research approach of the 
Institute. 

Paul’s corltribution can also be 
measured in more concrete ways. 
For example, in 1989 the Institute 
staff published 99 papers versus 15 
papers in 1974. In 1989, the Institute 
had almost 40 senior scientific staff, 
in 1974 it had less than 10. In 1989, 
the Institute has 178 total staff, in 
1974, 39. ‘There a re  now 21 
postgraduate students. The income 
to the Institute in 1989 was $5.5 
million, in 1974 it was just less than 
$ I  million (in 1989 dollars). In 1989, 
income from peer-review granting 
bodies was about $2.75 million, in 
1974 it was about $100,000. (I989 
dollars). 

All of us who have worked with 
Paul would agree that they have 
benefited greatly f rom the i r  
association .with him. Paul’s 
en thus iasm a.nd energy affects 
everyone, whether the  research 
collaboration is close, a s  in the 
card iovascular  cont ro l  research 
areas, or more at arms length, such 
a s  in atherosclerosis research. 

Working ncar Paul, one cannot but 
help sharing his commitment to the 
scientific ana l  y s i s of i m p or  t a n t 
problems (and his eschewnient of 
ephemeral fashionable issues). to  
being exac t  and careful i n  t h e  
laboratory, to an open-minded view 
on his own work and others and a 
readiness to  re -examine  i t s  
in te rpre t  a t  ion if nec e ss  ;I r y. t o 
looking behind the ob\ious and t o  
never accepting second-rate work. 

Some of these qualitie5 h a b e  
given Paul a somewhat daunting 
reputation. Inside and outhide t h c  
Insti tute,  many have been t h e  
recipicnts of Paul’s loud insistencc 
tha t  we were in erroi- i n  o u r  
interpretation of presented results. 1 
we were wrong on scientific grounds, 
Paul has never minced words i n  
pointing this out. And hc was rimer 

euphemis t ic  t o  those  da r ing  to  
present trivial work pompously. o r  
careless work, or  poorly analysecl 
work. 

I t  comes a surprise to many 
therefore to find out that. behind 
this exterior is a kind, thoughtfuil 
and indeed a somewhat shy man. 
He was always the first person to  
visit sick members  of staff. t o  
enqui re  abou t  sick members  of 
families and to visit them, to write 
thoughtful notes to bereaved family 
members, to care about the work 
load of the most junior staff, and 
so on. The  contrast between his 
public reputation for fearless n es s , 
and his kindness in private, are 
remarkable. 

The  opportunity t o  direct a 
research Institute is a privilege and 
a responsibility. In good hands this 
brings ou t  the  best in talented 
scientific staff; if mishandled, staff 
become frustrated, lose enthusiasm, 
and the Institute ceases to function 
as an integrated whole. The success 
of the Baker Institute over the last 
15 years is a testimonial to Paul’s 
quali t ies which combine  skill,  
persuasive powers, personal strength 
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in never flinching from making  
difficult decisions, a recognition of 
the power of new techniques in 
science, and a relentless commitment 
to the Institute. 

Paul  has  been particularly 
skillful in using the scientific 
advantages of an  independent 
research institute. He has been able 
to have a much more direct effect 
on the work, and to be flexible in 
his approach to problems. His ability 
to utilise this flexibility successfully 
( and  unobtrusively) has  been a 
hallmark of his Directorship. A scan 
of the Annual Reports since 1975 will 
quickly show that the research effort 
of the Institute has broadened and 
changed from its initial focus of 
blood pressure control to  now 
include a range of attacks on the 
broad spectrum of cardiovascular 
disease. The mechanisms of attack 
include molecular and cell biology 
through to research into techniques 
of delivery of the research findings 
to the community. 

Paul  made  single personal 
contributions to several areas of 
medical research. These  have 
especially included the control of the 
hear t  and  blood vessels by the  
autonomic nervous system, and the 
causes of hypertension. In both, his 
distinctive ability has been to find 
order  in disorder,  to  build an  
integrated picture, to collaborate 
across scientific disciplines, and to 
combine both laboratory and clinical 
research. 

His work on the control of the 
circulation by the central nervous 
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system is without peer internation- 
ally. During his time at the Institute, 
Paul extended and expanded his 
studies in this area, and built a 
comprehensive,  integrated and 
dynamic picture of how the cardio- 
vascular system is regulated; the 
properties of the afferent inputs, the 
complex interplay and modulation of 
these inputs  within the central  
nervous system, and the nature and 
relative importance of the neural and 
hormonal  ou tputs  in countering 
disturbances. 

His research on hypertension, 
where his concept that the initiating 
or primary cause of hypertension is 
small and is amplified by secondary 
factors, particularly cardiovascular 
hypertrophy, has had an important 
impact on the whole direction of 
hypertension research. This  idea 
sprang from studies of experimental 
hypertension in animals and was 
confirmed, in elegant experiments 
with Garry Jennings and Murray 
Esler, in patients. A practical  
outcome has been a change to the 
way in which hypertensive patients 
are treated. 

Paul has  continued active 
laboratory work throughout his term 
of Director of the Institute. This has 
had two benefits. It has been good 
for him, because of his enthusiasm 
for seeing how biology works. It has 
also been good for the Institute, 
because it has kept him in direct 
contact with the day-to-day problems 
of the Institute, and it has acted as 
an example to other staff. 

In fact, Paul’s success as  a 

Director lies to a large extent in his 
skill and reputation as a scientist. He 
will leave the Institute N i t h  the 
valuable ethos that perhaps may be 
summarised as ~ “Is it important‘? 
Is it solvable? How can I best study 
it? Who can help‘?’’ 

Paul came to the Institute after 
periods as Foundation Professor at 
the University of New South Wales, 
and Scandrett Professor of C‘ardiol- 
ogy a t  the  Hallstrom Insti tute,  
University of Sydney. He plans to 
move back to Sydney t o  live but will 
keep links with niembcrs of the 
Institute. He was awarded the Order 
of Australia this year. is a Fellow of 
the Australian Academy of Science, 
has  held many distinguished 
positions i n  national and inter- 
national physiology and hypertension 
research, and  been the keynote 
speaker at many international 
conferences. 

In 1990, the Institute will move 
into the new era  under- its new 
Director as a very producti\,c entity 
with a strong co-operative spirit and 
a high international reputation. Its 
distinctive feature i j  its interdisci- 
plinary effort, involving the various 
branches of medical science and 
basic and clinical investigators. This 
is the scientific legacy that Paul 
Korner has created. The beneficiaries 
a rc  the Baker Institute. in the 
narrower sense, and the Australia 
community in a wider sensc. through 
better understanding, prevention and 
treatment of  cardiovascular disease. 
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The Glaxo Australia - Pharmacology 
Laboratory Research Programme 

April 1989 was the beginning 
o f  the second year of an initial five 
year agreement between Glaxo  
Australia and the Baker Medical 
Research Institute to financially 
support in part, the Pharmacology 
Laboratory.  Progress has been 
particularly pleasing in the three 
areas of research covered by the 
agrcement including human  
coronary pharmacology, collateral 

blood vessel reactivity and endo- 
thelium-derived vasoactive factors. 
In the second year we have increased 
the areas of collaboration following 
a substantial increase in support 
from Glaxo Australia. This  has 
enabled us to ::upport our first Ph.D. 
graduate from the Pharmacology 
Laboratory, Dr. Michael Lew, on his 
return from a postdoctoral post in 
the United States. The collaboration 

with Glaxo has opened u p  exciting 
areas of new drug development and 
a dialogue over possible new targets 
for drug discovery. We were delight- 
ed to welcome Dr. Pat Humphrey. 
Head of the Pharmacology Division. 
Glaxo, Ware, England. to the Insti- 
tute on 20th October where we dis- 
cussed the projects and he g a ~ e  a 
seminar o n  the development of the 
novel antimigrainc drug sumatrip- 
tan. We were honoured to have D r .  
Ernest Mario, Vice President of 
Glaxo Holdings Inc. visit us briefly 
on 17th November. He was able to  
assess first hand the facilities of the 
Institute and commented very fav- 
ourably on the value of the collabor- 
ation. He also gave a radio interview 
from the Pharmacology 1.aborator-y 
with Mr. John Jost (3LO). As part 
of the restructuring of Glaxo Re- 
search, cardiovascular research will 
be mainly controlled from Glaxo 
Research Laboratories, Research 
Triangle Park, U.S.A. In preparation 
for this change, Dr. Angus reported 
on the research at the Baker lnstitute 
to Dr. Jeff Leighton, Vice President, 
Pharmacology in December 1989. 
We look forward to the scientific 
interchange bet wee n G I a x o a n d 
Baker scientists and the excellent 
opportunities that this agreement 
allows between the pharmaceutical 
industry and basic research. 

The Edgar Rouse 
Travelling Fellow 

- 
Professor Bjorn Folkow, 

Emeritus Professor of Physiology, 
liniversity of Goteborg, was the 
Edgar Rouse Travelling Fellow in 
1989. Professor Folkow is co-author 
of the best known student textbook 
on the circulation. He is a man of 
immense charm, enthusiasm (of the 
understated Swedish variety), 
humour, and knowledge of things 
cardiovascular, physiological, and 
cultural. Professor Folkow and our 
Director, Professor Paul Korner, 

EdXur Rouse Tra\elling Fellow. Professor H. Folkow (centre). with Dr. Wurwkk Anrlerson (Iefi), 
and Professor Korner. 
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have long held complementary views 
on the pathogenesis of hypertension. 
Professor  Fo lkow’s  t i m e  a t  t h e  
Institute facilitated the discussion on 
future directions of the Institute’s 
wor-k on the role of the hypertrophy 
of the heart and blood vessels as  
causes  of high b l o o d  pressure .  
Professor Folkow worked with Drs  
Bobik, Jennings, Esler, Angus and 
A n d e r s o n ,  a s  well a s  Professor  
Korner on this topic while he was 
in the Institute. 

Professor Folkow also infected 
the Renal Laboratory in the Institute 
with his enthusiasm for the question 
of whether the kidney possesses a 
vasodepressor substance. While he 
was here, Drs  Anderson, Woods, 
Christy, Denton and others began a 
n u m b e r  of  e x p e r i m e n t s  t o  test 
w h e t h e r  s u c h  a v a s o d e p r e s s o r  
substance is released from the kidney 
under physiological conditions in two 
species; how the substance lowers 
b l o o d  pressure,  a n d  w h a t  is its 
nature. 

Tin Rattle at the MCG 

Open Day at the Baker 

Victorian Ladies’ 
Bowling Association 

In August, 19x9. Pi-okssor Paul 
Korner ,  Director of  the Institute 
accepted a cheque tor $80.000 raised 
by the Victorian I,adies’ Howling 
Association for Heart I<cscarch at 
the Institute. 
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Dr. Didier Pruneau from Fournier 
Laboratories, Dijon, France. arrived in 
March 1989 to spend one year in the 
Pharmacology Laboratory. He has 
been most productive working on the 
role of N-type voltage operated calcium 
channels in the cardiovascular system. 
His return to France is also rumoured 
to give the trout a break from his skillful 
control of his favourite lure, a MEPS 
No. 2. 

Dr J. Alasdair Millar from the 
D e p a r t me n t P h a rm ac o I o g y , 
University of Otago, Dunedin, New 
Zealand departed in April, 1989 after 
spending 6 months of his sabbatical 
leave working with Dr. Bobik on 
intracellular pH control in endothelial 
cells and oncogene regulation in  
vascular smooth muscle. 

o f  

f r o / .  S. Tkuc,kuk, r' l . \r~mg \i /enti.vr f rom 
,MO.\( OM'. 

In November, 1989 Professor Seva 
Tkachuk from the Institute of 
Experimental Cardiology, Moscow, 
lJSSR spent 5 weeks in Dr. Bobik's 
laboratory investigating the mechan- 
isms responsible for releasing calcium 
from intracellular stores in vascular 
smooth muscle and the activation of 
receptor operated calcium channels. 

Professor Gunnar Wallin, from 
the Sahlgren Hospital, University of 
Gothenburg performed sympathetic 
nerve recording studies in the Human 
Autonomic Function Laboratory 
during November-December 1989, as 
part of a collaborative study on the 
effects of stress on the nervous system. 

Dr Takeshi Saigusa from the 
Yamanashi Medical College in 
Yamanashi, Japan ,  arrived at  the 
Institute in August 1989. He will spend 
two years in the Circulatory Control/ 
Neuropharmacology Laboratory, 

Visiting Scientists 
working on the involvement of central 
adrenergic pathways in baroreflex 
control of renal. sympathetic nerve and 
heart rate. 

Dr Naoyoshi Minami from the 
Department of Internal Medicine, 
Tohoku University School of Medicine 
in Sendai, Japan, is currently spending 
two years in the Circulatory Control 
and Neuropha.rmacology Laboratory 
with Dr Geoffrey Head examining the 
effects of anti- hypertensive treatment 
on the cardiac I-iaroreflex. Dr Minami is 
interested in how the central nervous 
system regulates the heart and 
circulation and how this may change 
with the presence of high blood 
pressure. He is accompanied by his wife 
and small son. 

Dr Chi L,ei from the Cardiac 
Surgery D e p r t m e n t  at  Fu Wai 
Hospital, Beijing, China, is currently 
working with Dr Frank Rosenfeldt in 
the Cardiac Surgical Research 
Laboratory, on laser angioplasty 
research using the excimer (cold) laser. 
Dr %hang Fu IMin, a cardiologist from 
Nanjing, China,  is assisting D r  
Rosenfeldt with the study of orotic acid 
after heart attacks. She is also attached 
to the Cardiology Department at the 
Monash Medical Centre. 

Recently from the University of 
Wisconsin in the United States, Dr. 
David Ecbert will spend three years in 
the Molecular Biology Laboratory 
studying the cholesteryl ester transfer 
protein gene in relation to both its 
structure and cxpression. 

Dr Cetti Alafaci, a neurosurgeon 
and research scientist in the 
Department of Neurosurgery at the 
University of Messine, Italy, visited the 
Institute in November for one month. 
She  divided her time working in 
collaboration with Susan Luff and Dr 
James Angus. 

Dr Yi Gao is a Postdoctoral Fellow 
in the Renal Laboratory. She is a 
medical graduate of the University of 
Heidelberg, West Germany, and has 
also completed postgraduate work on 
the topic of atrial natriuretic factor in 
salt hypertension. Her work in the 
Institute cenues on cardiovascular 
hypertrophy in renal hypertension. 

Dr. Hiroya Hidaka has taken up a 
position as Visiting Scientist in the 
Lipoprotein Structure and Function 
Laboratory and comes from Shinshri 
University in Matsumota City, Japan. 
He is a biochemist and has been 
working on new methods of isolating 
the putative HDL, receptor and ha5 
contributed significantly to o u r  
understanding of the glycoprotein 
nature o f  membrane HDL binding 
proteins. The Institute appreciates the 
voluntary assistance provided by his 
wife, Fiko Hidaka, a science graduate, 
to the Electronmicroscopy/ 
Morphology Laboratory. 

Dr. Claudia Ferrier joined us in 
April 1989, from the Department of 
Nephrology and Hypertension 
Research at the University of Berne. 
She has been working in the Alfred and 
Baker Medical U n i t  with Drs .  
Jennings, Esler and Dart. Her projects 
have included participation in studies of 
the central nervous system release o f  
noradrenaline as a possible test for 
sympathetic function. She has also been 
studying changes in microvessels in 
patients with heart failure and has 
become involved in our retina1 artery 
project. 

Dr. Florence Lacombejoined us in 
May 1989. She is a Cardiologist from 
Paris who specialises in Echocardi- 
ography. During her time here she has 
been involved in studies of aortic 
stiffness in patients with hyperchol- 
esterolaemia, coronary disease and 
anormals. It is hoped that these studies 
will lead to a relatively simple test which 
helps distinguish patients with high 
levels of risk factors who are at  
particular risk of developing coronary 
heart disease. 

Edgar Rouse Fellow Profi . .w)r Bjorn Folkorc. 
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Alf red-Baker Medical Unit 
Director: Professor P.I. Korner 
Deputy Director: Dr. G.L.  
Jennings 

Projects 
Effects of antihypertensive drug 

therapy on structural changes and 
overall card iovascular  r isk in 
hypertension. 

S t ruc tu re  and  function of 
human  resistance vessels in 
hypertension. 

Non-invasive quantification of 
micro vascular structure changes by 
computer analysis of retina1 images. 

Relationship between the elastic 
proper t ies  of the a o r t a  and  
hypercholesterolaemia. 

Venous changes in 
hypertension. 

Relationship between 
ambulatory BP and cardiovascular 
structural changes in hypertension. 

Effects of exercise training on 
the arterial baroreflex. 

Effects of exercise training on 
card iac  and  renal sympathe t ic  
activity measured by noradrenaline 
spillover. 

Exercise training and cardiac 
remodelling. 

Effects of high and low intensity 
(walking) p rogramme on  
cardiovascular risk factors. 

Interactions between the effects 
of sodium restriction and exercise 
t ra in ing  on  renal sympathe t ic  
activity. 

Antihypertensive effects of 
weight loss and exercise training. 

Dopamine  release in to  the  
cerebrovascular circulation. 

A comparison of microneuro- 
graphic and regional noradrenaline 
spillover changes during laboratory 
stress,  isometric exercise and 
desipramine infusion. 

Effects of alterations in cardiac 
preload on the arterial baroreflex. 

Effects of‘ aging and of impaired 
ventricular function on  card iac  
sympathetic activity. 

Pathophysiological studies in 
autonomic insufficiency. 

The effects of congestive heart 
failure on structure and function of 

resistance vessels. 
Sympathetic activity in heart 

failurc. 
Long te rm studies of the  

efficacy of‘ s imvas ta t in  in 
hyperlipidaemia. 

Effects of acipimox in patients 
with mixed hyperlipidaemia. 

Accuracy and  precision of 
blood cholesterol measurement. 

Cardiac transplantation related 
hyperlipidaemia and hypertension. 

Assessmtmt of the value of self- 
referred screening for cardiovascular 
risk factors. 

Effects of v i tamin  C 
administration on maximum aerobic 
capacity at various ages. 

H u m a n  pharmacology of 
ne bivolol. 

Summary 
Since the last Annual  

Report, the “Clinical Research Unit” 
has changed its name to the “Alfred 
and Baker Medical Unit”. This took 
place during a general reorganisation 
of medical departments in the Alfred 
Hospital. The previous name has 
served us well over the past 40 years 
and is an excellent description of 
part of the work of the department 
but it was not so suitable for use 
in our  clinical service role. The  

“Alfred and Baker Medical U n i t ”  is 
a name which emphasises the links 
thc IJnit has with both hospital and 
research insti tute.  I t  also has  
flexibility in the event that progress 
in the cardiovascular field or other 
factors might change our role in the 
future. The major purpose of the 
me d ic a l  re organ  i sa t  io n in the 
Hospital, was to alter the balance 
between medical and specialist units. 
Because of the unique position of 
the Alfred and Baker Medical Unit 
in offering both general medical and 
specialist cardiovascular services, the 
day to day patient care activities of 
the  Unit  have changed  little. 
However we greatly look forward to 
the eventual benefits which will 
accrue f rom the  general  
strengthening of medical services as 
a result of the reorganisation. 

The integration of patient care 
and research activities has always 
been an important priority. Being 
active in studying the causes and 
treatment of cardiovascular disease 
undoubtedly helps our physicians in 
maintaining a higher level of patient 
care. O n  the  other hand ,  basic 
research activity is likely to be more 
relevant and  opportunistically 
applied in the setting of an active 
clinical unit. This integration has 
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been greatly facilitated this year by 
t h e  d e v e l o p m e n t  of  a c o m p u t e r  
network and patient database. O u r  
patient databases have been evolving 
over several years now, initially with 
the help of Ann l iemayne  and later 
by C'hris Reid and Mark Sapper. We 
n o u  have  a m o s t  impressive 
programme which allows us to keep 
ii record o f  a l l  consul ta t ions ,  
i 11 v e s t ig a t i o n s a n d  p r o c e d u r e s  
g e n e r a t e  r e p o r t s  a n d  a u d i t  o u r  
actibities. We arc :ilso able to rapidly 
assess  t h e  success  we ha1.e in 
reach i ng t he v ii r ious t h e r a p e  u t ic 
targets. Although we developed this 
programme for our own use, it has 
ge  n e ra t e d i n t e rest 
amongs t  Australia'\  largest c o m -  
panizs and m m )  such as BHP,  BP 
i \u \ t ra l ia ,  Nat iona l  M u t u a l  a n d  
Woodside Petroleum, as well as the 
Victor-ia Police ai-c using the system 
t o r  the i r  o w n  prebent ive  hea l th  
p r o g r a m m e .  I n  th i s  w a y  t h e  
programme h a s  become a vehicle by 
which the expertise in prebention of 
heart disease o f  our smal l  research- 
based group reaches directly many 
thousands of people. 

T h e  u p g r a d i n g  o f  o u r  
equipment which took place as  a 
re5iilt of t h e  R o t a r y  C l u b  of 
Me1 bour  ne's es tabl ishment  of our  
Heart Risk Iteduction Clinic has also 
had a significant impact  on  o u r  
research work. The  list of projects 
shown above includes ;I very broad 
range of clinical inbestigations. These 
include substantial programmes in 
hypertension, exercise, the sympa- 
thetic nervous system and athero- 
sclerosis. In hypertension we have 
new techniques for focusing on the 
early structural changes in resistance 
vessels. Animal work performed in 
the Institute suggests that this may 
be  a f u n d a m e n t a l  a b n o r m a l i t y  
leading to  high blood pressure. We 
are able to study these small vessels 
by isolating them from a small skin 
biopsy (see Pharmacology Labora- 
tory report). We also hope to be able 
to  follow the changes non-invasively 
using computer  enhanced  images 
from a retina1 video camera so that 
the sire of the small blood vessels 
in the eye can be measured. 

In another field, the cardiovas- 

t re m e n d  o 11 s 

cular benefits of exercise, we have 
come a long way since our  initial 
finding that training three times pei- 
week lowered blood pressure and 
improved o ther  risk factors. Our 
more recent studies have focused on 
t h e  t i m e  course .  t h e  a m o u n t  of' 
exercise required to achieve benefit. 
the changes in "target" organs such 
a s  the heart and the mechanisms 
involved. O u r  present hypothesis is 
that the initial changes which lower 
blood pressure during an exercise 
programme invol\e opening up of 
thc blood vessels of thc exercising 
skeletal  muscle .  1.ater a m o r e  
c o m p I e x in te rac t  ion bet  wee n 
s t ruc t u ral c h a ng e s. t he a u t on  o m  ic 
nervous and hormonal systems help\ 
to  maintain the lo\cer blood pressure. 

A m o n g s t  t h e  c o m i n g s  a n d  
goings of the last year, there has been 
a particular influx from Europe. Ilr. 
Ibn! Dart has joined us as  Senior 
Research  Feiiow, a n  N H M RC' 
position in the Baker Institute. I)r. 
Dart  is an experienced cardiologist 
and  rnedical researcher who h a s  
already added much to our activities. 
He will be particularly involved in 
t h e  d e v e l o p m e n t  o f  a c l inical  
a t  h e r o  s c I e r o s i  s 11 r. 
Ferrier from Switierland and Dr. 
I x o r n b e  from France  have also 
joined us for shorter periods. Clare 
Harwood departed after 10 years o f  
de\ oted secretarial ser\ ice and Drs. 
Meredith and Sudhir have completed 
work towards their Ph.D. and will 
be  moving on in 1990. We have had 
he lp  f r o m  vi r tua l ly  e v e r y  o t h e r  
Hospital and University department 
and are extremely grateful for their 
collaboration and forbearance. 

p r o g r a ni me.  

The effect of exercise 
training on cardiac 
dimensions, sympathetic 
activity and the arterial 
baroreflex 
G .  Jennings, 1. Meredith, 
B. Kingwell, M .  Esler, A.  Dart. 
P.I. Korner 

Regular exercise Io\vci.\ I-csririg 
blood pressure. heart ratc and total 
no rep i nep h r i ne ( Y F ) s p i I I ( ) \  c I-. We 
examined the extent to which t h e  
card i;ic sympathetic i  5 i  111 011 cd . bot h 
a t  rest and  during acti\ation of' the 
cardiac baroreflex. i n  l U  siib.icctj 
who performed one month ca ih  o f  
sedentary acti\ itics and oi est~rcise 
training -3 wecl\l\ ior i0 inin i n  ;I 

random i sed c 1-0 \ s o \  c r J c \  ig 11. A I I 
nieasurements ucre per l~wned 48 h 
after the last exercise bout. 

We fou nd t Ii at t 1-a i  11 i 11 g 1-c d iicc d 
resting M A P  by 5-7 m m H g  rc\ting 
H R by 6 beats min. and ini.rca\cd 
maxi mum oxygcri coii\ii i n  pt ion b> 
13'; compared to  \edcntar\ \a!iic\ 

(al l  l'<CO.OS). ILV intern,il diameter 
(echo) increased b!, 4' (1'<0.05). 
Despite a 24''; reduction i i i  resting 
total N E  spillo\cr-. tncasurcd b> ;I 

t r a c e r  t e c h n i q u e  i n  9 siib-iccts. 
cardiac spillover wi i \  unchanged and 
2 3 o f  the total fall uiis due to 
r e d u c t i o n  in rena l  sp i l lo \ t . r .  I n  
contrast baroreflex cuin cs obtained 
by the 'steady-state' mcthod using 
k a s o a c t i b e  d r u g s  ( n = l  I )  shohed 
a t t e n u a t i o n  of t h e  s > , m p a t h e t i c  
responses  t o  H P  r e d u c t i o n  b y  
training without changc in  the ~ a g a l  
components. '1 tic dillerence in  the 
curies w a s  a b o l i s h e d  by I . \ .  

propranolol (0.2 nig kg), The tcjting 
brad  y ca  rd i a of t r ii i  n i ng p e rs i 5 t e d 
a f t e r  t o t  a I c a r d i a c  a LI t o norn ic 
blockade (102 to  95 I 1 .S beats min. 
n =I I ,  P<O.OS). 

T h e s e  resul ts  jugges t  t h a t  
t ra in ing  induces ii major  ta l l  in 
resting renal sympathetic actib ity but 
n o  change in cardiac spillo\cr. ' I  he 
resting bradycardia primarill reflects 
a fall in intrinsic rate. Ho 
reflex cardiac sympathetic response 
to acute RP lowering i \  attenuatcd 
by t ra in ing .  These  changes  may 
reflect altered CNS ai'fcrent input 
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increased central blood volume. 

Structural changes of 
retina1 arteries in primary 
hypertension 

- 

Impaired contraction and 
relaxation in resistance 
arteries from patients with 
congestive heart failure 
J .  Angus, G .  Jennings, C .  Ferrier, 
A .  Dart 

Wc h a v e  used t h e  doub le  
m y o g r a  p h t ec h n iq t ic to measure the 
reactivity to ;I wide range of agents 
of m i c r o v e s x l s  in pat ients  with 
c o n  ge s t i v e c a r d  i ac fa i 1 u re . 1 he 
microvessels  were small ar ter ic4 
obtained from ;I skin biopsy. T h e  
results in cardiac failure patients 
were then coniparcd t o  those in age- 
matched health) \jolunteers. Vessels 
f rom patient$, with cardiac failure 
h a d  less than half the maximum 
response to  the  administration of 
vawconstrictors. Interestingly, there 
was little diflerence in thc reacti\ity 
of t h e  vesse ls  to n o r a d r e n a l i n e .  
ar igiotcnsin I or- a n g i o t c n s i n  1 1  
between ~ c . , s e l s  f r o m  p a t i e n t s  
pret  iously treated o r  n o t  with ,\Cl: 
inhibitors. ' I  b e  \asodilators C-GliI' 
: i d  ace ty tc hol inc relaxed precori- 
t r x t e d  vessel<, by 74--90f); in health> 
Lolunteers, hu t  by only 40-5354 in 
c a r d i a c  fa i lure  patients.  'i 'hese 
f indings ind icate t h a t  congesti\/e 
cardiac failure is accompanied bq 
se~r:re  loss of reactivity to vasocoii- 
strictor and vasodilator stimulu in 
skin rcsistanct: arteries. 

Relationship between 
elastic properties of the 
aorta and 
h ypercholesterolaemia 
F. Lacombe, A. Dart, E. I.aufer. 
G .  Jennings 

T h e  elastic properties ol the 
aorta arc impaired phyiologica!l! 
with age and pathologicall\ u i ? l i  

atherosclerosis. I t  has hcen sugge5- 
ted that  early functional c\ alu,itioii 
of atherorna could he obtained fr-om 
the assessment of' tliesc niech;inicciI 
aortic properties. H o ~ c e ~ e r -  t e u  nwi 
invasivc studies h a ~ e  alrcad! b e c n  
performed in  man, L i d  there is n o  
consensus on the bc\t itrde\ t o  i.15::. 

I n  o u r  stud).. \&c used ccho- 
I h p p l e r  t o  asses\ aor t ic  di\tensihil- 
it, ,  from supr-aster-ncil \ icus oi he 
sort ic a r c h  a n d  d c t c'i.!l: i !ic d 
f u n c t i o n  a1 \ t  i I'l'ncs~, i nrl i c e\ I I; 
establish the validit! 0 1  t h e  methoj.l. 
we \tiidied a samp le  of he:iit!>-, 
vo lun tee r s  w i t h o u t  i~ai-cl i~)~asc! i !~ir  

risk factors ancl asse \ \ cd  ttic i i o i . i i i ; t !  

s e n $ i t i \ / i t y  to age 0 1  t l i c  mLi io i  

ind ices .  I'he a p p l i c a t i o n  of [ t ie  
met hod t o  h 1, p e I-c h o Ics t c 1'0 I ;IC I C' 

sub-jects, with 01 wit!ioui ,iyn:, 01 
a t h c r o m a ,  is  now i n  p i o g i ~ i ' ~ ! . .  
Preliminary indication\ siiggi.si IIiLii 

these methods ina! pto\ic!c e<ii . l \  
e~ al u at ion  o 1' t h e d clct i'i'i ( ell CL.L \ 

of disea\e before cliiiicai !ii;iiiif'c+ 
t a t  io 11s. d i scr i 111 i r i  a t io i i  b c I ,U c c  11 

sub-iects at higher rish o! ' , ( I  ,.)LL. ;1:1cl 

i rcat me n t . 
toliow-up of 1 he C l f : : L ~ t . \  0 1  , ! : t i p  
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Biochemical Pharmacology 
Head: Dr. A. Bobik 

Projects 
C a l c i u m  ions a n d  o n c o g e n e  

regulation. 
Re c e p t o r o p e  r a t e d c a 1 c i u m 

channels. 
Effects of angiotensin 11 and 

noradrenal ine on  platelet derived 
growth factor receptors. 

G r o w  t h c h a r a c t e r i s t i c s  of 
\ , a s c u l a r  s m o o t h  musc le  f r o m  
spontaneously hypertensive rats. 

I n t e r a c t i o n s  be tween t r a n s -  
forming growth factor beta 1 and 
growth factors for vascular smooth 
muscle. 

Development of cardiovascular 
hypertrophy in stroke prone spon- 
taneously hypertensive rats. 

Role of  c a t e c h o l a n i i n e s  in 
c a r d i o v a s c u l a r  h y p e r t r o p h y  i n  
spontaneously hypertensive rats. 

Summary 
During the past year we have 

continued to focus on understanding 
t h e  p r o c e s s  respons ib le  for  t h e  
t ransport  of sodium and calcium 
ions in vascular  s m o o t h  muscle. 
These ions have the potential to  
markedly affect the development of 
cardiovascular hypertrophy (thicken- 
ing of the walls of blood vessels and 
a n  increase in muscle mass in the 
left vent r ic le  of  t h e  h e a r t )  in  
hypertension. We have also extended 
our  studies to  define the role of 
growth factors in the development 
of  c a r d i o v a s c u l a r  h y p e r t r o p h y .  
Previous ly  we sugges ted  t h a t  
cardiovascular hypertrophy may be 
the  cause  of t h e  elevated b lood  
pressure in animals with genetically 
inher i ted  hyper tens ion .  In  o t h e r  
types of hypertension, where hyper- 
t rophy is not causative, there is n o  
doubt  that  it is a major contributor 
to  the elevated blood pressure once 
t h e  h y p e r t e n s i o n  h a s  b e c o m e  
established. 

We have demonst ra ted  prev- 
iously that  the activity of sodium- 
hydrogen exchange,  a m e m b r a n e  
t ransport  system for sodium and 
hydrogen ions which can influence 

cell growth, is markedly dependent 
on  elevations in calcium levels in 
vascular smooth  muscle. This  year 
we have examined whether calcium 
ions influence the activation of two 
oncogenes involved in cell growth, 
c-fos and c-myc. Calcium levels are 
r a p i d l y  e leva ted  when v a s c u l a r  
s m o o t h  musc le  a r e  e x p o s e d  t o  
growth factors or constrictor agents. 
T h i s  e leva t ion  in  c a l c i u m  is  
accompanied by the activation of the 
c-fos a n d  c-myc genes .  W h e n  
calcium influx into these cells is 
p r e v e n t e d ,  g e n e  ac t iva t ion  is  
abolished. Direct evidence for the 
activation of the genes by calcium 
w a s  o b t a i n e d  by e leva t ing  
intracel lular  calcium with agents  
which c a r r y  ca lc ium across  cell 
m c m b r a ne  s ( ion  o p h o r e s  ) . T h e s e  
studies have enabled us to  conclude 
t h a t  a n  increase in intracel lular  
ca lc ium m a y  b e  a s ignal  which 
activates these two growth genes. 
O u r  finding that  both growth factors 
and constrictor agents are capable 
of  a c t i v a t i n g  c-fos a n d  c-myc 

laboratory 
strongly suggest that both types o f  
agents have the ability to initiate 
v a s c u l a r  h y p e r t r o p h y .  I n  t h e s e  
studies we have also examined how 
the calcium signal is subsequently 
p r o c e s s e d  wi th in  t h e  cel l .  T h e  
elevation in calcium activates the 
p h os p h o r y 1 a t  i n g  e 117 y m e  s y s t e m  
protein kinase C .  This  c w y m e  has 
recent ly  been shown t o  be  a l so  
p r e s e n t  in t h e  nuc leus  a n d  i t  
activates the c-fos gene i n  vascular 
s m o o t h  muscle .  Nci thcr  p r o t e i n  
kinase C nor calniodulin dependent 
systems were involved in processing 
the calcium signal for actibating the 
c-myc gene. 

Because calcium ions play such 
a n  i m p o r t a n t  role in  regula t ing  
vascular smooth  muscle function. 
our  studies have also concentrated 
on  unders tanding  inore fully the 
mechanisms responsible for elevating 
intracellular calcium concentrations 
when smooth muscle is exposed to 
growth factors or constrictor agents. 
Under these conditions the elevation 
in  t h e  f ree  ce l lu la r  c a l c i u m  

Mr. P. Kunellakis and Dr. W. Zeng measuring blood pressure in Bioc,hcwnii~ul P h a r n i u ~ ~ o l o ~ ~ ~  
Luhorator?/. 
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concentration is due to the release of 
calcium from intracellular stores and/ 
or an influx of calcium into the cells. 
An elevation in the concentration o f  
the intracellular messenger inositol 
trisphosphate has been suggested to 
be responsible for releasing the 
calcium from intracellular stores. Our 
stiidies with two endothelial cell 
derived factors, cndothelin-l and 
endothelin-3, indicate that two 
processes may be responsible for 
releasing intracellular calcium stores; 
an inositol trisphosphatc dependent 
and -independent mechanism. In  
other studies we have demonstrated 
that vascular smooth muscle cells 
posms a numbcr of different reccptor 
o p e ra ted channels through which 
calcium may enter. 

This year our studies on growth 
factors for vascular smooth muscle 
have concentrated on examining (i) 
how the constrictor agents angiotensin 
I I and noradrenaline increase the 
sensitivity of smooth muscle to the 
growth factor PDGF-BB and (ii) the 
ability of type I transforming growth 
factor to influence vascular smooth 
muscle cell replication. We found that 
angiotensin 11 and noradrenaline 
increased the number of receptors on 
vascular smooth muscle for PDGF- 
BR. This effect was specific to this 
subtype of receptor for platelet derived 
growth factor (PDGF) and accounted 
for virtually all the increase in the 
sensitivity of the smooth muscle to the 
mitogenic effects of PDGF-BR. Our 
studies with type I transforming 
growth factor beta (TGFP-1) indicate 
that this agent, which alone has no 
effect on smooth muscle replication, 
can markedly increase the potency of 
growth factors which activate tyrosine 
kinasc. These include, for example, 
basic fibroblast growth factor (bFGF) 
and the platelet derived growth factors 
- AB and - BB. TGFP-I has little 
effect on the increases in cell growth 
induced by factors such as endothelin- 
I and a-thrombin whose stimulatory 
properties appear  dependent on 
activating the enzyme phospholipase 
C .  Taken together these latter studies 
indicate that endothelial cells which 
are capable of secreting TGFP-I, 
bFGF and the PDGF dimers can 
control the potency of its growth 

promoting factors via its secretion of 
TGFP-I. 

One of the characteristics of 
vascular smooth muscle isolated from 
s p o n t an e o us I y rats 
(SHR) is its ability to grow more 
rapidly in tissue culture than smooth 
muscle from normotensive animals. 
Our studies on the growth properties 
of vascular smooth muscle from these 
hypertensive animals indicate that 
these cells also grow to a higher cell 
density in culture. Not only do these 
cells replicate more rapidly when 
exposed to growth factors, they are 
also less susceptible to substances 
which inhibit ct:ll replication. One very 
interesting finding was that vascular 
smooth muscle from normotensive 
WKY rats took on the properties of 
smooth muscle from the hypertensive 
animals after multiple subculture. 
These studies indicate that the smooth 
muscle from SlHR possess a defective 
growth regulatory mechanism which 
may contribute to the vascular hyper- 
trophy in these animals. Our studies 
on genetically inherited hypertension 
have focused on (i) determining the 
precise contribution which catechola- 
mines released either from sympa- 

hypertensive 

thetic nerves and, or adrenal glands 
make to the cardiovascular hypcr- 
trophy which develops in spontan- 
eously hypertensive rats [ S H  K] prioi- 
to any abnormal elevation in blood 
pressure and (ii) whether in spontan- 
eously hypertensive rats highly 
susceptible to stroke [SHR(SP) ]  
cardiovascular hypertrophy is the sole 
determinant of their blood pressure. 
We found that simultaneous removal 
of sympathetic nerves from SHR 
together with blockade of circulating 
catecholamines with the alpha I 
adrenoceptor antagonist prwosin 
‘normalised’ the cardiac hypertrophy 
in four week old prc-hypertensive 
SHR. The small effect on vascular 
hypertrophy is consistent with our 
other studies indicating that additional 
mechanisms, involving growth factors 
also contribute to the vascular 
hypertrophy in these animals. Our 
findings in SHR(SP) rats indicate that 
other factors in addition to cardiovas- 
cular hypertrophy contribute to their 
elevated blood pressure. The extent to 
which vascular hypertrophy had 
developed in these animals was 
identical to that previously observed in 
SHR, the blood pressure was elevated 
to a greater extent than in SHR. 
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Calcium influx into 
vascular smooth muscle: a 
signal for the expression 
of c-fos and c-myc mRNA 
A.  Bobik, A. Grooms, P. Little, 
A .  Mitchell, J .A.  Millar. 

To g a i n  a n  insight  i n t o  t h e  
cellular mechanisms responsible for 
a n  increased  abi l i ty  of vascular  
smooth muscle to  replicate, a s  has  
been  observed in  genet ic  hyper-  
tension, we investigated the influence 
of growth factor initiated elevations 
in intracellular calcium and increases 
in protein kinase C activity on  the 
activation of two primary response 
g r o w t h  g e n e s  c-fos a n d  c-myc.  
C o n f l u e n t  cu l tures  of  r a t  a o r t i c  
smooth muscle made quesient by 24- 
48h exposure to  defined serum-free 
medium were exposed to  platelet 
derived growth factor (PGDF-BB), 
a- thrombin and endothelin - I .  In all 
instances c-fos m R N A  was elevated 
f rom undetectable t o  peak levels 
( I S  fo ld)  w i t h i n  30 m i n  a n d  
completely gone by Ih. Peak c-myc 
m R N A  levels occurred after 2h and 
were maintained through to  611. T h e  
c a l c i u m  i o n o p h o r e s  A23187 a n d  
ionomycin also elevated c-fos ( 5  fold) 
and c-myc m R N A  (2  fold) in thcsc 
cells. When the extracellular calcium 
was reduced below IOOnM both the 
g r o w t h  f a c t o r  a n d  i o n o p h o r e  
induced calcium influx into smooth 
muscle were abolished a s  were the 
elevations in c-fos m R N A  and c-myc 
m K N A .  Similarly protein kinase C 
depletion attenuated both the growth 
f.actor a n d  i o n o p h o r e  i n d u c e d  
elevations in c-fos m R N A  by SO to 
69 ' i .  Neither the elevations in c-myc 
mKNA nor calcium influx into the 
s m o o t h  muscle wcre affected by 
p r o t e i n  k i n a s e  C deple t ion  or 
dependent  on calcium calmodulin 
dependent  processes. We conclude 
t h a t  a n  increase  in c y t o p l a s m i c  
calcium is a n  early regulatory signal 
for the activation of. c-fos and c - m y  
genes.  S u b s e q u e n t  s igna l  t r a n s -  
mission for c-fox activation occurs in 
part via protein kinase C dependent 
mechanisms whilst for c-myc i t  is 
completely independent of protein 
k i n a s e  C .  In n e i t h e r  c a s e  were 

c a l c i u m / c a l m o d u l i n  d e p e n d e n t  
mechanisms involved. 

Receptor operated 
calcium channels in 
vascular smooth muscle 
P. Little, V.A. Tkachuk, A. Bobik. 

I t  is generally accepted tha t  
many growth factors and a variety 
of  c o n s t r i c t o r  a g e n t s  e leva te  
intracellular calcium ion [Ca2+] in 
vascular smooth  muscle by initiating 
either the release of calcium from 
intracellular stores a n d /  or an influx 
of  ex t race l lu la r  ca lc ium via  t h e  
a c t i v a t i o n  of  spec i f ic  r e c e p t o r  
operated channels. At present little 
is known a b o u t  the mechanisms 
responsible for these elevations in 
[Ca2+]. Receptor mediated increases 
i n  inos i to l  t r i s p h o s p h a t e  v ia  
p h o s p h o l i p a s c  C ac t iva t ion  a r e  
thought to be responsible for the 
release of calcium from intracellular 
s tores .  We inves t iga ted  t h i s  
hypothesis by examining the ability 
of endothelin-l and endothelin-3 to 
elevate ['HI inositol trisphosphate 
levels in relation t o  their ability to  
re lease i n t r a c e l l u l a r  c a l c i u m  in 
cultural rat vascular smooth muscle 
loaded with the calcium sensitive dye 
F u r a - 2 .  Endothe l in  - 1  m a r k e d l y  
elevated ['HI inositol trisphosphate 
in s m o o t h  muscle  a n d  th i s  w a s  
assoc ia ted  with m a r k e d  ca lc ium 
release from intracellular stores. In 
c o n t r a s t  endothc l in-3  d id  not  
s ign i f icant ly  affect [ 'HI  inosi tol  
trisphosphate levels but did induce 
intracellular calcium release. Thus  
r e c e p t o r  m e d i a t e d  int  race l lu la r  
calcium release can also he induced 
via inositol trisphosphate indepen- 
d e n t  m e c h a n i s m s .  To f u r t h e r  
investigate whcther a single receptor 
c a n  re lease i n t r a c  ell u 1 a r c a Ic i 11 ni 
s t o r e s  via  b o t h  m e c h a n i s m s  
inositol trisphosph'itc dependent and 
- independent  processes. vascular- 
s m o o t h  musc le  cells were p r e -  
exposed for varying periods of time 
t o  thc  vasodi la tor  s o d i u m  nitro- 
pruss ide .  T h i s  a g e n t  i n d u c e d  a 
m a r k e d  (7S57), t i m e  d e p e n d e n t  
(maximum at Ih)  inhibition of the 
endothelin - - I  induced elevation in 
[ j  H I  inosi tol  t r i s p h o s p h a t e .  

p r e s u m a b l y  by  i n h i b i t i n g  t h e  
activation of phospholipase C, since 
b o t h  [3H] inosi tol  m o n o  a n d  
bisphosphate levels arc also reduced. 
Under these conditions intracellular 
calcium release was reduced by only 
1996. We c o n c l u d c  t h a t  t w o  
mechanisms may be responsible for 
receptor mediated rclease o f  calcium 
from intracellular stores in vascular 
s m o o t h  musc le  ;in i  n o s  i to1 
t r i s p h os p h a t  e a 11 d 
- i  nd e p e nd  e n  t 7' he 
re la t ive  i m p o r t a n c e  o f  the  t u o  
mechanisms is dcpendent  on the 
receptor system being acti\>ated. 

d e p e n d e 11 t 
niec h a n i s m . 

Angiotensin 11 and 
noradrenaline potentiate 
PDGF-BB induced DNA 
synthesis via an increase 
in PDGF-BB receptors 
S. Grinpukel, G .  Jackman, 
P. Little, A. Grooms, A .  Bobik. 

O u r  previous studiej into the 
mechanisms by which angiotcnxin I I 
and noradrenaline could af l ix t  thc 
deve lop  m e n  t o f  v a s c II I a I- h y p c r - 
t r o p h y  in  h y p e  r t e n s i  o n d c ni on - 
stratcd that both agent5 incrcxed  
thc sensitivity of' vascular smooth 
muscle in culture t o  5ub-maximal 
ni i to gen ic co  nce n t rii t i o n s o t p I at elc t 
deriLed growth factor R H  chain 
( P L X F - B B )  but not platclct de l - i~ed  
growth factor A H  chain (I'IKiF- 
AB). We have now demonstrated 
that the difibrcnt responws t o  the 
t w o  g r o w t h  I'actor-s could be  
accounted for by their intcriiction 
with t w o  d i 1f.e ire i i  t 11 1 c in h r;i ne  
rcccptor  systeins .  O \ c r  t h e  
conccntration r-ange X t o  200 n M .  

d i s placed [ I I ]  I' I ) ( ;  I- - H t3 \pcc i fie 
b i n d i n g  t o  s m o o t h  mi i \c l i :  i n  :I 

con c e n t r a t  ion d c p e 11 tl c 11 t n 1 ~I 13 11 c r. 
Wc also observed that 241: c x j m i i r c  
of the smooth niuscli. t o  a1:gi:itcnsin 
1 I o r  nor ad ren ;I I i  nc i ncrc :t .,t:d t he 
n u m b e r  o f  PI>Gf:-t<H I. 

without affecting their ; i f t i n i t >  ti)r 
the growth factor. ' l-hc i ncrc:iscs. 
which averaged 23''; and 20'; after 
incubating the cells with arigicit* 
I I and nor  ad I c n a I i n e re\ p c c t i 1,c I !;, 

r r x r ; - H H  h u t  n o t  r ' i x ;  t . - X H  
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could account for all the increase in 
mitogenic activity of PDGF-BB. We 
conclude that  both angiotensin I I 
and noradrenaline can increase the 
sensitivity of vascular smooth muscle 
to  the mitogenic effects of PDGF- 
H H  by specifically increasing the  
n u m b e r  of  m e m b r a n e  receptors .  
Further studies will be required to 
determine whether this increase in 
PI)GF-BB receptor numbers is the 
consequence of a n  increase in their 
rate of biosynthesis or degradation. 

Growth characteristics of 
vascular smooth muscle 
from spontaneously 
hypertensive rats 
J. Saltis, P. Little, A .  Bobik. 

It has recently been suggested 
t h a t  a n  e n h a n c e d  prol i ferat ive 
responsiveness of vascular smooth  
muscle from spontaneously hyperten- 
sive rats (SHR) to growth factors may 

; l o o \  80 

S H R  

W K Y  

ConI1"e"l 
c U I I U r e s 

be a contributing factor to the early 
increase in vavcular wall thickening 
which occurs i 7 these animals before 
t h e y  d e v e l o p  h y p e r t e n s i o n .  'I0 
t u r t h e r  d e f i n e  t h e  g r o w t h  
characteristics of vascular smooth  
musc le  f r o m  these  a n i m a l s  we 
compared their ability to  replicate in 
serum containing medium with the 
s m o o t h  musc le  o b t a i n e d  f r o m  
normotensive Wistar Kyoto (WKY) 

CALCIUM AND ONCOGENE' ACTIVATION 

C-Fos 

C-MYC > U  W .  

' I  

rats. We examined cells placed into 
pr imary culture and also after both 
early and late passages of subculture. 
Vascular smooth  muscle f rom S H R  
grown in prirnary culture arrested 
after reaching multi-layer confluency 

at  a higher ccll density than did 
smooth  muscle from WKY. ESar.1) 
p a s s a g e s  of  s u b c u l t u r e d  cells 
behaved in a n  essentially similar 
fashion. Subcultured smooth muscle 
from S H R  replicated more rapidly 
t h a n  t h o s e  l r o n i  W K ?  
independently of thc initial sccding 
density. In late passagcs the growth 
characteristics of the smooth musclc 
from the two strains 01' rats becanit: 
essent ia l ly  i n d i s t i n g u i s h a b l e  a', 
smooth  muscle from W K Y  t o o k  on 
the growth characteristics o l  smootl-i 
muscle from S H  R. 

Since vascular smooth muwlc 
growth in vivo is also  unciei- the 
inf luence  o f  i n h i b i t o r y  g:I-oMtlh 
f a c t o r s ,  we also e x a m i n e d  t h c  
responsiveness of thc smooth niuxli. 

f r o m  t h e  t w o  s t ra ins  of ra t s  t o  
type 1 transforming growth factor 
beta  (TGFP-I). S m o o t h  muscle from 
S H R  replicating in serum containing 
medium was less susceptible t o  the 
inhibitory effects of TGFP-1. 'The 
g r o w t h  r a t e  o f  e a r l y  passaged  
subcul tured  s m o o t h  muscle f r o m  
WKY rats was reduced by approxi- 
mately 35% whilst those from S H R  
were reduced by less than S(2. This  
d i f fe rence  i n  sens i t iv i ty  of t h e  
smooth  muscle f rom the two strains 
of rats was not a consequence of 
d i f fe rences  i n  t h e  ICSO for  
TGFP-I which in both  instances 
averaged 0.08 g/  ml. 

We c o n c l u d e  t h a t  v a s c u l a r  
smooth  muscle f rom S H R  is not 
only more responsive to  stimulatory 

35 



I B A K E R  M E D I C A L  R E S E A R C H  I N S T I T U T E  

growth factors present in serum but 
also less responsive to  the inhibitory 
effects of TGFD-1. 

Type 1-transforming 
growth factor beta 
enhances the effects of 
tyrosine kinase activating 
growth factors on vascular 
smooth muscle replication 
J .  Saltis, P. Little, A.  Bobik. 

Type 1 t ransforming  g r o w t h  
f a c t o r  b e t a  ( T G F P - I )  h a s  t h e  
unusual ability to  both stimulate and 
inhibit the  replication of cells in 
cul ture .  Because endothel ia l  cells 
have the capability to  produce and 
secrete this peptide, we examined its 
effects  o n  rep l ica t ing  r a t  a o r t i c  
s m o o t h  muscle. In tissue cul ture  
TGFj3-I consistently inhibited the 
rep l ica t ion  o f  s m o o t h  musc le  
c u l t u r e d  in  s e r u m  c o n t a i n i n g  
m e d i u m .  Similar ly  in chemically 
defined culture medium containing 
t ransfer r in  a n d  insul in ,  T G F P - I  
attenuated the small growth stimu- 
latory effects of endothelin - 1  and 
a - t h r o m b i n .  In cont ras t  T G F P - I  
potentiated the effects of tyrosine 
kinase activating growth factors on  
smooth muscle replication, approxi- 
mately doubling their replication rate 
in the presence o f  platelet derived 
g r o w t h  f a c t o r  ~ R B  o r  A B ,  
epidermal  growth factor or  basic 
fibroblast growth factor. Alone, this 
concentration ( I  ng, ml) o f  TGFj3-I 
had no significant effect on  vascular 
smooth  muscle rcplication. Taken 
together our  observations indicate 
that TGFj3-I can markedly enhance 
the effects of local growth factors 
produced within the walls of blood 
vessels. T h e  mechanisms responsible 
for this enhancement are currently 
under investigation. 

Vascular amplifier 
properties in stroke prone 
spontaneously 
hypertensive rats 
K .  Oddie, P. Scott, A. Bobik, 
P. Korner. 

Since blood pressure is elevated 
to  a greater extent in stroke prone 
s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  

[SHR(SP)] than  in S H R ,  we have 
inves t iga ted  w h e t h e r  f u r t h e r  
increases in vascular hypertrophy 
a b o v e  those  seen in  S H R  could 
a c c o u n t  for  t h e  h igher  b l o o d  
pressure [SHR(SP)]. We examined 
the time course of development of 
v a s c u l a r  h y p e r t r o p h y  i n  t h e s e  
animals and compared it with those 
from S H R  and normotensive WKY 
r a t s .  Vascular  h y p e r t r o p h y  w a s  
assessed indirectly f rom changes in 
t h e  perfusion pressure  following 
per fus ion  o f  t h e  an imals '  h i n d -  
q u a r t e r s  u n d e r  c o n d i t i o n s  of  
c o n s t a n t  f low.  We f o u n d  t h e  
relationship between the perfusion 
p r e s s u r e  d u r i n g  m a x i m u m  c o n -  
striction of the vasculature and body 
weight  to b e  ident ica l  in  t h e  
S H R ( S P )  and S H R  between 4-20 
weeks of age. Furthermore, a t  every 
age, the perfusion pressures observed 
under these conditions were higher 
t h a n  t h o s e  o b s e r v e d  in  t h e  
normotensive animals. In young (4 
to  9 weeks old) S H R ( S P )  cardiac 
h y p e r t r o p h y  w a s  s imilar  to t h a t  
observed in S H K ;  however in the 
o l d e r  a n i m a l s  t h e  h y p e r t r o p h y  
developed more rapidly and to  a 
greater extent, reflecting the more 
rapid development of blood pressure 
in th i s  s t ra in .  O u r  observa t ions  
i n d i c a t e  t h a t  o t h e r  f a c t o r s  in 
a d  d i t i o n c a r d i o v a s c u I a r 
hypertrophy such as, for example, 
a n  increase in sympathetic nervous 
act ivi ty ,  a r e  a l s o  i m p o r t a n t  
c o n  t r i b  u t o r s t o  b I o o d press  u re  
elevations in SHR(SP).  

t o  

Effects of combined 
sympathectomy and 
alphal -adrenoceptor 
blockade on pre- 
hypertensive cardio- 
vascular hypertrophy in 
genetic hypertension 
A .  Bobik, K. Oddie, P. Friberg, 
P. Korner. 

Cardiovascular hypertrophy is 
a major contributor to  the elevated 
b lood  pressure in spontaneous ly  
hypertensive rats ( S H R ) .  Both the 
vascular and ,  to  some extent, the 
cardiac hypertrophy develops very 

early in life, before there is any 
abnormal  rise in blood pressure. It 
h a s  b e e n  sugges ted  t h a t  t h i s  
hypertrophy plays a critical role in 
the development o f  the hypertension 
in this rat strain and maq even be 
responsible for the hypertension. 'The 
mechanisms by which cardiovascular 
h y p e r t r o p h y  d e v e l o p s  a r e  n o t  
known. We have investigated in vcry 
young pre-hypertensive S H  K and 
normotensive WKY rats the effects 
of combining peripheral sympathcc- 
t o m y  w i t h  a l p h a  I a d r e n o c e p t o r  
blockade o n  t h c  development  of 
hypertrophy. Alpha1 adrenoceptor 
b l o c k a d e  w a s  a d d e d  t o  t h e  
sympathectomy protocol t o  abolish 
the effects of overactivity of adr-enal 
g 1 a n d  s fo I I o w i n g s y rn p ;i t h e c t o my . 
T w o  d a y  old male  S H K  a n d  
n o r m o t e n s i v e  W K Y r a t s  wcrc 
s y m p a t  h e c  t o m is e d i nJ c c t i n g 
antibodies to nervc g r o u t h  factor 
and large doses of guanethidine.  
Pratosin was also administered to  
ensure that catecholamines released 
from the adrenal glands would not 
activate a lphal  adrenoceptors in the 
cardiovascular  systcni. When the  
animals reached 4 weeks of age. the 
effects of this procedure on Lascular 
h y p e r t r o p h y  Mere ahsessed 
haemodynamically by comparing the 
r e s i s t a n c e  o f  t h c  h i n d q u a r t e r  
v a s c u l a t u r e  u n d e r  condi t ions  of 
constant flow with control, untreated 
animals. Cardiac hyperti-ophy was 
assessed from lcft ventricular: body 
weight ratios. T h e  
protocol abolished di 
ven  t r i c 11 1 a r : bo d y we i g h t ra t  io 5 

between t h e  hyper tens iLe  a n d  
n o r m o t e n s i v e  s t r a i n  01' r a t s .  
C o m b i n e d  s y n i p a t h e c t o m ) ,  plus  
a lphal  adrenoceptor blockade also 
appeared to  reduce the severity of 
the vascular hypertrophy i n  S H R ,  
wi th  d i f fe rences  i n  p e r l u \ i o n  
p r e s s u r e s  d u r i n g  n iax imal  c o n -  
striction of the vasculature between 
the two strains being reduced by 
approximately 1.5$;#. We conclude 
that the sympathetic nervous jystem 
can influence the development o f  the 
e a r l y  p r e - h y p e r t e n s i v e  car-dio- 
vascular hypertrophy i n  S H R ,  but 
i t  i s  n o t  t h e  sole c a u s e  of t h e  
vascular hypertrophy. 

by 
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Cardiac Surgical Research Laboratory 
Head: Dr. F.L. Rosenfeldt 

Projects 
Clinical study of preservation of 

the donor heart. 
Study of cardiac preservation 

using the isolated rat heart. 
Effect o f  orot ic  acid and  of 

ribose in the rat heart with a recent 
inyocardial infarct. 

Comparison of excimer laser 
a n d  ba l loon  angioplas ty  in  t h e  
atherosclerotic rabbit. 

Summary 
I he las t  year  h a s  been  a n  

historic one  both  for the  Alfred 
Hospital Cardiac Surgery Unit and 
the Baker Cardiac Surgical Research 
Uni t ,  wi th  t h e  e s t a b l i s h m e n t  of 
Cardiac Transplantation at the Alfred 
Hospital. In the first twelve months, 
30 patients were transplanted without 
mortality and with excellent overall 
res u 1 t s. T h roug h ou t t h is t i me, the 
head of the Transplant Unit, Mr. Don 
Esmore and his clinical team at the 
Alfred worked closely with the staff 
of the Cardiac Surgical Research Unit 
at the Baker Institute. 

For the first 18 transplants, the 
hear t s  were obta ined  within t h e  
distance covered by one hour’s flying 
time by chartered jet. For case 19, the 
transplant team was presented with a 
challenge. A donor heart was offered 
from Townsville, Queensland which 
would involve a transfer time from 
donor to recipient of approximately 5 
hours. Generally speaking 4 hours 
has been regarded a s  the upper limit 
for safe transfei- time for hearts, even 
under ideal conditions. The  previous 
longest transfer time in Australia of 4 
hours and 20 minutes involved a 
d o n o r  flight by t h e  Sydney S t .  
Vincent’s team to Alice Springs and 
back. O n  that occasion the donor 
hear t  w a s  large a n d  in g o o d  
condition. For thc proposed Alfred 
Hospital long distance tranfer, the 
heart was relatively small for the 
recipient and had already sustained 
some strain in the donor. Clearly 
conditions were not ideal and special 
techniques would be required to make 

safe transfer possible. Utilizing the 
combined expert ise  of the  Baker 
Institute and the Alfred Transplant 
team, a new 5,trategy of preservation 
was put together and a decision made 
to  use the heart. Several techniques 
bor rowed f r o m  c a r d i a c  surg ica l  
practice and the research laboratory 
were combined. Oxygen was bubbled 
into the  pre:,ervation and  storage 
so I LI t ion s. “ in  t r a c  el I u lar” 
formulation including a very high 
potassium concentration was used for 
the storage solution. O n  arrival back 
at  the Alfred Hospital, additional 
doses of cold and then warm, blood- 
containing cardioplegic solutions were 
given d u r i n g  t h e  implanta t ion  
procedure. To our great satisfaction, 
t h e  “five h o u r  hear t” .  showed 
excellent function and the patient 
recovered rapidly from surgery. Soon 
afterwards, another heart was offered 
from North (Queensland, this time 
f r o m  C a i r n s .  T h i s  w a s  a l so  
transplanted successfully using the 
new preserbat ion s t ra tegy  a n d  
involved a transfer time of 5 hours 
and 10 minutes. 

Although the new preservation 
strategy appeared to be effective in 
practice. it was put together on a 
rather empirical basis. What we are 
involved in now is a systematic  
investigation in the laboratory of the 
various techniques already used and 
some more innovative techniques, 
with t h e  a i m  of  e x t e n d i n g  

A n 

preservation of the donor heart to 8 
hours or more. Increased confidence 
in long term safe preservation of the 
heart will have additional benef‘ith, 
such a s  rendering unneccssary, haste 
in transporting the heart between the 
airport and the hospital, with the 
at tendant  dangers .  These dangers  
were vividly exemplified i n  the vehicle 
accident involving the transplant team 
during 1989. 

The  late 1970’s and the 1980’s 
witnessed a n  explosive expansion of 
in te rvent ion  a1 rad i o log y a n d 
cardiology. This is typified by the 
widespread use of balloon dilatation 
(angioplasty) of narrowed coronary 
a r te r ies .  T h e  first c o r o n a r y  
angioplasty was carried out in 1967. 
In Australia last year. over 3,000 such 
procedures were performed. However. 
this technique simply stretches the 
arterial wall as a whole, and usually 
splits the inner layers at the site of the 
narrowing but leaves the deposit c i f  
atheroma behind. The  use o f  laser 
techniques to unblock arteries has the 
potential to  provide better results 
because the laser can actually remove 
atheroma by vaporiring it .  We have 
been collaborating with a (’alifornian- 
based company to  evaluate the ability 
of the ultraviolet (excimer) laser to  
ablate atheroma in rabbits and to  
compare the success rate with that 
achieved by balloon angioplasty. The  
results of the study encourage us to 
plan a trial in patients a t  the Alfred 
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Hospital  which we hope  will 
commence in 1990. 

We have continued our studies 
on oro t ic  acid a s  a metabolic 
supplement for the hear t  under  
stress. We have previously shown in 
thc dog and the rat that a heart 
attack before operation impairs the 
ability of the heart to withstand 
cardiac surgery. We have now begun 
to  investigate the  biochemical 
mechanism of this effect in rats by 
analyzing the levels of pyrimidinc 
nuclcotides in the heart muscle. 

Preservation of donor 
hearts for cardiac 
transplantation 
F.L. Rosenfeldt, I , .  Langley, 
A .  Cochrane, R. Conyers 

The first step in improving the 
state of the donor heart at the time 
of implantation was to look for a 
numerical measure of the quality of 
preservation in clinical practice. 
Drill biopsies were taken from the 
donor  hear t  a t  the end of the  
ischaemic per iod  jus t  prior t o  
reperfusion in the recipient. These 
biopsies were assayed for myocardial 
levels of ATP. creatine phosphate 
and lactate. We found a correlation 
between ischaemic time on one hand 
and the rise in lactate and decline 
in creatine phosphate on the other. 
ATP levels were at the lower limit 
of normal  in most hear t s  bu t  
changed little with time. We are now 
making the same measurements in 
the hear t s  perserved using new 
techniques to  detect  any  
improvements  in rnyocardial 
metabolism. 

In parallel with these clinical 
studies, we have been performing 
laboratory studies in a rat model of 
donor heart preservation. Using the 
isolated rat heart apparatus, hearts 
are made ischaemic for 4 hours at 
4°C. After preservation using a 
variety of techniques, cardiac pump 
function is measured. Our first step 
was to  test the  efficacy of 
oxygenation of the initial infusate. 
We found that a single infusion of 
oxygenated solution at the onset of 
ischaernia was not  sufficient t o  

improve recovery. Presumably the 
oxygen delivered was rapidly used 
up  and  t o  conier a measurable 
benefit, the infusion would have to 
be repeated at intervals during the 
ischaemic period. 
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Research scientists a t  the 
University of Auckland had shown 
in the rat heart that preservation of 
hearts could be improved if oxygen 
and aspartate were added to the 
cardioplegic solution. We confirmed 
their observations and showed that 
the protective action was entirely due 
to the aspartate and not to the 
oxygen (Fig. 1). We now plan to add 
aspartate to our clinical transplant 
preservation solution. 

Excimer laser vs balloon 
angioplasty in 
atherosclerotic rabbit iliac 
arteries 
F.L. Rosenfeldt, Che Lei, S. Black, 
J .  Waugh 

Thermal laser angioplasty has 
received wide clinical application in 
femoral arteries and  to  a lesser 
extent in coronary arteries. However, 
it is generally necessary to contain 
the laser light in a metal tip to 
reduce the incidence of perforation 
and also to supplement the laser 
angioplasty with a subsequent  
balloon angioplasty.  These  
techniques can  achieve 7 0 4 0 %  
success in widening stenotic femoral 
arteries. However in the coronary 
circulation, the results of thermal 
laser angioplasty have been less 
encouraging  and  heat-induced 
coronary spasm appears to be a 

major  complicating factor. ' 1  he 
excimer (ultraviolet) laser- h a s  the 
potential to remove tissue v,ithout 
heating by a process k n o u n  as  
photoablation and hencc should be 
much safer than thermal lascr i  in  
the coronary circulation. In rabbits 
we aimed to study the acute ancl 
medium term results of cyciiiier 
laser angioplasty in atherosclerotic 
iliac arteries and t o  coniparc thc 
results with those  o l  bal1oo:i 
angioplasty. 

Morph o log ica I a s ~ s s  m c n t \% ;I \ 

rnadc of the cross-cectional xc i i  of 
the lumen and of the \evcrit\ of 
stenosis due  t o  at  herom;i b! 
p I a n i met I ic ( I  f 
histological sections. Scctic!nt, ut'rc 
obtained from normal arteric\ iind 
f rom ;I I- t e r- ies 
removed before, immediaiel! af ter  
and one month alter laser or balloon 
angioplasty. Also asscssmcnt 01 thc 
diameter of the lumen of the arteries 
at the same time intervals was made 
using con vc n t ion a I u n g i o g  r ;I p h i c 
techniques. The laser treated ar-teries 
showed a reduction in the amount 
of a the roma  i n  the a r te ry  
immediately and at one month Litter 
angioplasty. In contrast the balloon 
treated arteries showed n o  reduction 
in  the amount of atheroma immcd- 
iately after angioplasty and a 
tendency for an increase i n  atheroma 
after one month. The final result was 
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that there was 750; more atheroma 
remaining in the arterica treated by 
balloon angioplasty than in those 
treated by laser angioplasty (Fig. 2). 
T h e  percentage stenosis by area in 
the laser group one month  after 
angioplasty was 52 k Xc(8 which was 
significantly less than in the balloon 
group, 74 k 6('f ( P  < 0.05). Also 
microscopic examination of arteries 
treated by excimer laser showed n o  
e v i d e n c e  of  t h e r m a l  d a m a g e .  
R a d  i o lo g i c a I a s s e s s m e n t  of  t h e  
d i a m e t e r  of  t h e  t rea ted  a r t e r i e s  
s u p p o r t  e d m o r p h  o 1 o g i c a I 
f ind ings .  T h e r e  w a s  a g r e a t e r  
tendency to restenosis in the balloon 
treated than  in t he  laser treated 
arteries. 

We c o n c l u d e d  t h a t  e x c i m e r  
laser angioplasty ablated atheroma, 
whereas balloon angioplasty simply 
s t rc tched  t h e  a t h e r o m a  a n d  t h e  
arterial wall. Balloon treated arteries 
still contained atheroma and were 
likely to  undergo later rcstcnosis. In 
contrast arteries treated by excimer 
laser demonstrated a reduction in 
the bulk of a theroma and tended t o  
maintain patency over time. 

t h e  

Metabolic protection for 
the heart after myocardial 
infarction and during 
cardiac surgery using 
orotic acid and ribose 
F.1,. Rosenfeldt, C. Munsch, 
M. Newman, J.F. Williams, 
R .  Conyers 

Patients with rccent myocard ial 
inl'arction have high mortality and 
morbid i ty  ra tes  i f '  they u n d e r g o  
urgent heai-t surgery. We hypoth- 
esised that this is due in part to 
changes  in t h e  surviving,  lion- 
inlxcted m>ocardium. This  region of 
the niyocardiuni. remote from the 
inlarct is known to  be strcssed by thc 
infarct and ultimately to  undergo 
Iiypcrtrophy. We hypothesised that ii' 
the proccss o f  hypertrophy could be 
accclc rat ed then t tic response t o  
surgery might be improved. 

O r o t i c  acid is ;I non- toxic  
pi-ecursor of nucleic acids which has 
been shown to stiniulatc protein 
synthes is  in h y p e r t r o p h y i n g  
niyocardiuni .  In  dog5 we have  
previously studied the response of the 

heart with a recent infarction t o  
induced cardiac arrest (cardioplegia) 
during stimulated cardiac surgery and 
a l s o  the  effect of t reatment  with 
orotic acid. WIZ found that orotic acid 
thcrapy improved the function of the 
heart after myocardial infaretion. We 
also found tha t  recent infarction 
decreased the tolerance of the heart 
to cardiac s u r p - y  using hypothermic 
cardioplegia, but that this tolerance 
was markedly increased by treatment 
of orotic acid. We then set out to 
confirm these effects in rats, to  test 
thc effect o f  orotic acid in non- 
stressed hearts and also to investigate 
t h e  effect o f  a n o t h e r  metabol ic  
supplement, the sugar ribose. 

We induced myocardial infarc- 
tion in rats by coronary ligation and 
t w o  days  la ler  used a n  isolated 
working rat  hear t  preparat ion to 
measure cardiac function. We tested 
the effect of orotic acid and ribose, 
singly, and in combination, in normal 
hearts, in h m r t s  with myocardial 
infarction and in hearts subjected to 
cardioplegic arrest. a s  in cardiac 
surgery. 

We found that orotic acid had n o  
effect on norrnal hearts. Oral orotic 
acid treatment for two days after 
infarction produced only a small 
incrcase in baseline cardiac function. 
However, in fa rcted hearts subjected 
to cardioplegic arrest recovered X Y ]  
of their pre-arrest function if treated 
with orotic acid, whereas untreated, 

infarcted hearts recovered only 4 Y  
Ribose had no beneficial effect on 
normal or infarcted heat.ts and did 
not augment the el'fects of orotic acid. 

O r o t i c  acid is uscd in t h e  
synthesis of pyriniidineh. which i n  
turn are used as  building blocks for 
ribonucleic acid ( R N A )  which i5  

required in increased quantities for 
protein synthesis in stressed heart$,. 
To study the m e c h a n i m  of action of 
orotic acid at  a biochemical le\,el, we 
assayed pyrimidine nucleotides in the 
myocardium using high performance 
liquid chromatography and convcri- 
tional enzymatic methods. We found 
that infarction produced ;I 3Y:; in- 
crease in uridinc nuclcotidcs in the 
remote myocardium, consistent with 
mild hypertrophy and 3 surprising 
88'g increase in uridinc nuclcotidcs in 
the infarct itself. presumably due to  
the processes of repair and l'ibroais. 
Orotic acid therapy after inCarctioii 
tended to produce a further increase 
in levels of uridine nucleotides in both 
Tones. 

C'urrently we arc cont inuing  
these studies in two areas. Firstly, in 
dogs we are attempting to locali/e the 
area of myocardium where orotic acid 
produces its beneficial effect i1ltt.i 

infarction: is it the infarct itself or ttic 
remote myocardium'! Secondly. m e  
aim to test the el'fect o f  orot ic acid 

undergoing urgent cardiac s t i rguy  
after infarction. 

therapy in a clinical trial in p ' t '  't lcnls 
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Cell Biology Laboratory 
Head: Dr. J.H.  Campbell 

Projects 
Extracellular matrix components 

influence the phenotype of vascular 
smooth muscle cells. 

Macrophagcs enhance uptake of 
,&very low density lipoprotein by 
smooth muscle cells in vitro. 

The  effect of intravenously 
injected P-very low density 
lipoprotein on small and large arterial 
in,iuries. 

Does angiotensin I 1  affect the 
incidence of vascular smooth muscle 
polyploidy in chronic hypertension? 

Collagen synthesis by cultured 
rabbit aortic smooth muscle cells - 
alteration with phenotype. 

Summary 
There is now a large body of 

evidence indicating tha t  smooth  
niuscle cells in the intima of human 
arteries involved in atherogenesis are 
phenotypically different from those of 
the underlying media. These 
differences include changes in volume 
fraction of myofilaments (Vvmyo), 
cell shape, actin isoforms, myosin 
is o for m, t r o p o m  yos i n content , 
intermediate filaments, caldesmon, 
meta-vinculin, cyclic nucleotides, 
PDGF expression, fibronectin, and 
expression of major 
histocompatibility complexes. Some 
of these changes may play a crucial 
role in development or initiation of 
the disease. 

In primary cell culture, medial 
smooth muscle cells which have been 
eniyme-dispersed and seeded a t  
densities below confluence undergo 
similar changes in phenotypic 
expression during the first five days 
after isolation. This is accompanied 
by distinct alterations in biology. 
Prior to change in phenotype, while 
the cells have a high Vvmyo as in the 
normal vessel wall, the cells are 
contractile, d o  not  proliferate 
logarithmically in response to 
mitogens from serum, synthesise 
minimal collagen, and accumulate 
little lipid even after exposure to high 
concentrations of P-very low density 

lipoprotein (P-VLDL) for several 
days. In contrast, smooth muscle cells 
of low Vvmyo are unable to contract, 
but proliferate logarithmically in 
response to mitogens from a variety 
of sources, synthesise 2645 fold the 
amount of collagen (particularly type 
I )  as cells with a high Vvmyo, and 
accumulate 7 fold the amount of lipid 
on exposure to P-VLDL. Since a low 
Vvmyo, proliferation, synthesis of 
extracellular matrix (particularly 
collagen type I )  and accumulation of 
lipid are all characteristic features of 
smooth muscle cells in atheroma, 
change in phenotype of smooth  
muscle cells may be an important 
initial event in the development of 
this disease. This raises the question, 
what determines the phenotypic 
expression of smooth muscle cells? In 
particular, what determines whether a 
smooth muscle cell is contractile (high 
Vvmyo) and unresponsive to  
atherogenic stimuli such as mitogens 
and certain lipoproteins, or whether it 
has a low Vvmyo and is responsive 
to  these agents? Studies in o u r  
laboratory implicate cell-matrix 
interactions in control of smooth 
muscle phenotype. In primary cell 
culture, a crude extract of glyco- 
saminoglycans from the aortic intima 
plus inner media maintains sparsely- 
seeded smooth muscle with a high 
Vvmyo. Treatment of this aortic 
extract  with heparinase f rom 
Flavobacterium heparinum destroys 
the active factor, indicating that 
glycosaminoglycans of the heparan 
sulphate species are responsible; and 
indeed, addition of the closely related 
glycosaminoglycan heparin maintains 
sparsely-seeded smooth muscle with a 
high Vvmyo. This has recently been 
confirmed by others who also found 
a similar effect with pentosan 
polysulphate, a sem.i-synthetic 
sulphated polysaccharide. Smooth 
muscle cells in primary culture can 
also be maintained in the contractile 
state by seeding the freshly-dispersed 
cells at confluent density, or by 
placing sparsely-seeded cells with a 
spatially separated feeder layer of 
confluent contractile smooth muscle 

cells or endothelial cells which are 
known to produce large amounts of 
an antiproliferative heparan sulphate 
species which is readily incorporatcd 
into their basal lamina. I t  thus 
appears that the presence 01' hcparin- 
like glycosaminoglycans is an  
impor tan t  determinant o f  the 
phenotype that smooth  muscle 
expresses, and that high levels ot this 
glycosaminoglyean species maintain 
the cells in a contractile (high Vvrnyo) 
state. Any factor which removes this 
substance (e.g. enryme dispcrsion and 
dilution through sparw-seeding). may 
therefore induce the cells to undcrgo 
a change in phenotype t o  a low 
Vvmyo. Smooth muscle cells which 
have been seeded sparsely on to a 
layer of type IV collagen o r  bascment 
membrane Matrigel ( a  solubiliscd 
extract of EHS tumour basement 
membrane containing collagen type 
I V , s u I p h a t e 
proteoglycan and cntactin) do not 
undergo a change in phenotype. nor 
do isolated smooth niusclc cclls which 
have been completely embedded in a 
gel of collagen type I .  Thus  
replacement of certain componcnts of 
the basal lamina. o r  providing a 
microenvironment in which the basal 
lamina can be rapidly reconstituted, 
encourages maintenance of the 
contractile state. 

Peritonea1 macrophages gr-own 
in co-culture with a confluent 
monolayer of high Vvmyo smooth 
muscle cells induce a significant 
decrease in Vvmyo after three days, 
compared  with both the freshly 
isolated smooth muscle cells and 
those grown for three days in the 
absence of macrophages.  Since 
invasion of the artery wall by 
monocytes (which subsequently 
become macrophagcs) is one of the 
earliest cellular events in experimental 
atherogenesis, it may be through the 
influence of these cells that smooth 
muscle phenotypic change is induced 
in the initial stages of the disease. 
Indeed, we have recently 
demonstrated tha t  macrophages 
completely degrade heparan sulphate- 
rich matrix to low molecular weight 

I ami n i n , he p a r  a n 
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fragments, and that the subcellular 
site of enzyme activity is the 
lysosome. Macrophage lysosomes by 
themselves were shown to  be  
sufficient to  induce a change in 
smooth  muscle phenotypic 
expression, and their effect was 
mimicked by a commercial prepar- 
ation of heparinase. We have 
s uggc s t e d t h at p rote a se s released 
from macrophages (or  those on 
macrophage plasma membranes), 
cleave the protein core of 
proteoglycans which are then 
internalised and the heparan sulphate 
side-chains completely degraded in 
the macrophagc lysosomes. We 
further proposed that removal of 
heparan sulphate from the basal 
lamina of smooth muscle cells by 
macrop  hages i s the trigger that  
initiates smooth muscle phenotypic 
change and atherogenesis. 

Macrophages degrade 
heparan sulphate 
proteoglycans and initiate 
atherogenesis 
J.H.  Campbell, S. Kalevitch, 
G.R.  Campbell 

We have previously shown that 
macrophages in co-culture with 
rabbit aortic smooth muscle cells 
induce a decrease in volume fraction 
of myofilaments (Vvmyo) of the 
smooth  muscle. T h e  a im of' the 
present study was to  determine 
whether this induction of phenotypic 
modulation could be correlated with 
degradation of heparan sulphate 
proteoglycans. Rabbit aortic smooth 
muscle cells were seeded at confluent 
density in primary culture, and after 8 
days the cells (which had a high 
Vvmyo) were exposed to macrophage 
lysosomal lysate, heparinase ( 10 
units; ml), chondroitin ABC lyase (10 
units1 ml) or trypsin (10 pug/ ml). Only 
the macrophage lysosomal lysate and 
heparinase induced a decrease in the 
Vvmyo of the smooth muscle cells, 
similar to that previously observed. 
Living macrophages completely 
degraded the ?3abelled components 
of endothelial cell-produced extra- 
cellular matrix into small molecular 
fragments which eluted with a by of 

0.84 on Sepharose 6B, similar to that 
of free [35S]042- (Kav = 0.86). A lysate 
of whole matcrophages produced 
degradation p'eaks at Idv 0.60 (Mr  
10,000 daltons) and  0.84. Both 
macrophage lysosomal lysate a t  
neutral pH and heparinase (10 units/ 
ml) degraded the 35S-labelled matrix 
components into fragments which 
eluted at K,, 0.63, and which were 
identified as heparan sulphate chains 
by their complete degradation in the 
presence of low pH nitrous acid and 
resistance to chondroitin ABC lyase. 
At acid p H ,  the macrophage 
lysosomal lysate produce a second 
peak eluting at Kav 0.84, indicating 
that the enzymes responsible for the 
complete degradation of the heparan 
sulphate chains were present in the 
lysosomes and only active at acid pH. 
Only a small amount of heparan 
sulphate degrading enzyme was 
released into the incubation medium 
by living macrophages, and there was 
no activity on isolated plasma mem- 
branes of macrophages, although 
proteolytic enzymes were evident in 
both instance:,. The results suggest 
that removal of heparan sulphate 
from the surface of smooth muscle 
cells and its degradation may be the 
trigger for smcloth muscle phenotypic 
modulation. 

Does angilotensin I1 affect 
the incidence of vascular 
smooth miuscle polyploidy 
in chronic hypertension? 
M.J. Black, J.H.  Campbell, 
G.R.  Campbell 

In chronic models of 
hypertension, smooth muscle cells of 
large arteries undergo hypertrophy 
and in some instances an increase in 
ploidy; i.e. the cells replicate their 
DNA but  d o  not  divide. T h e  
incidence of polyploid cells increases 
with age and duration of hyper- 
tension. Angiotensin I 1  has been 
implicated in the development of 
artery wall hypertrophy and there is 
mounting evidence for increased 
activity of a local vascular renin- 
angiotensin system during hyper- 
tension. The effect of angiotensin I1  
on the incidence of vascular smooth 

muscle polyploidy was investigated in 
this study using both in vivo and in 
vitro methods. 

T h e  angiotensin converting 
enzyme inhibitor enalapril  was 
administered in the drinking water cif 
spontaneously hypertensive rats 
(SHR) to block the production of 
angiotensin 11 in vivo from 3 to 14 
weeks of age (Group 1) to inhibit 
development of hypertension, and 
from 14 to 20 weeks of age (Group R )  
to reverse established hypertension. 
The incidence of polyploid aortic 
smooth muscle cells. as determined 
by flow cytometric DNA analysis, 
was at t e n u a t c d 
compared to  the age matched 
untreated SHR during both time 
courses of enalapril treatment. At 14 
weeks in Group I the incidence of 
polyploid cells was 6.13 k 0.157; 
compared to 13.38 k 0.157;' in the 
untreated SHR. l.ikcwise, in Group 
K the incidence of polyploid cells W I ~  

4.37 k 0.04%) at 20 weeks compared 
to 14.21 i 0.16c/; in  the untreated 
S H R .  Addition 01' enalapril  t o  
primary cultures of smooth muscle 
had no direct effect on incidence of 
polyploidy. However, when angio- 
tensin I1 at a concentration of 1 pbl 
was added to confluent cultures of 
human vascular smooth muscle cells, 
the cells increased in sire,  
incorporated 3H-thymidine, but did 
not divide. 

These results suggest that  
angiotensin 11 induces hypertrophy of 
smooth muscle cells which in turn 
may lead to polyploidy induction. 
Angiotensin 11 is thus implicated in 
the development of vascular smooth 
muscle polyploidy in vivo, either by a 
direct effect on the cells or indirectly 
by elevating blood pressure. 

sign if ican t l y 

Macrophages enhance 
uptake of P-VLDL by 
smooth muscle cells in 
vitro 
R.E. Rennick, J.H. Campbell, 
G .R.  Campbell 

The presence of lipid-laden foam 
cells is a characteristic feature of the 
early stages of atherosclerosis i n  
cholesterol-fed animals. These cells 
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a r e  main ly  of m o n o c y t e :  
macrophage origin, but may also be 
derived from smooth muscle cells. In 
previous studies, we have shown that 
macrophages stimulate phenotypic 
modulation of smooth muscle cells 
and their subsequent proliferation. 
T h e  present studies investigate the 
effect of macrophages on uptake of 
the atherogenic lipoprotein p-VLDL, 
by smooth muscle cells. 

When mouse macrophages were 
co-cultured with smooth muscle cells. 
binding of '251-P-VLDL and sub- 
sequent accumulation of intracellular 
lipid was increased when compared 
with binding in smooth muscle cells 
cu l tured  alone.  T h i s  increase i n  
binding was due t o  modification of 
the lipoprotein moiety since binding 
to  smooth  muscle cells of 1251-P- 
VLI)L, preincubated with macro-  
phages was 12.5 fold that of fresh 

I -P- V 1- D 1,. S LI bseq ue n t i n ves t i -  
gation of the effect of the macro- 
phages on lipoprotein composition 
showed n o  significant a l terat ion.  
When macrophages were incubated 
with /?-VLDL. in the presence of 
probucol (200 p g ' m l ) .  binding of the 

125 

conditioned lipoprotein (239.6 _t 23.7 
ng ' mg cell protein) approached that 
of controls with fresh lipoprotein 
(217.2 zk 77.8 n g / m g  cell protein). 
whereas smooth muscle cells bound 
s igni f icant ly  m o r e  m a c r o p h a g e -  
conditioned lipoprotcin (862.4 A 88.2 
ng 1 mg cell protein). This  indicates 
t h a t  m a c r o p h a g e s  m o d i f y  t h e  
lipoprotein through oxidation, since 
probucol is a known antioxidant. 

These studies extend the role of 
t h e  m a c r o p h a g e  in  l ipopro te in  
m e t a b o l i s m  of t h e  a r t e r y  wal l ,  
demonstrating that this cell not only 
scavenges lipid but modifies the p- 
V L D I .  particle such that it is more 
readi ly  b o u n d  a n d  t a k e n  u p  by 
smooth muscle cells. 

Collagen synthesis by 
cultured rabbit smooth 
muscle cells - alteration 
with phenotype 
A.H. Ang, J.F. Bateman, 
G.R.  Campbell, J.H. Camphell 

tnrymatically-isolated smooth  
muscle cells express a contractile 

phenotype in the first lkw days of 
primary culture. then spontaneously 
modulate to  the sbnthctic phenotype 
a n d  prol i ferate .  1 hese cell> a re  
capable of reverting to the contractile 
phenotype upon reaching conlluency 
if they have not undergone more than 
five population douhlings (re\,ersihlc 
synthetic ( R S )  phenotype). However, 
if the cells have undergone more than 
five popula t ion  douhl ings  het'orc 
achieving confluence. they d o  not 
revert to  the contractile state hut 
remain  pernianent lb  s! nthet ic  
( i r revers ible  synthe t ic  (IKS) 
phenotype). 

In the present study. the rate of 
collagen synthesis and collagen type 
distribution by smooth riwscle cells 
were investigated in relation t o  the 
alteration in phenotypic expression. 
Reversible synthetic smooth muscle 
cells in p r i m a r y  and secondary  
cultures synthesised collagen at a rate 
which w a s  25-30 t imes  t h x t  of 
contractile smooth muscle cells in 
early primary culture. A t  the same 
time. non-collagen protein synthesis 
increased only 5 to  6 fold. indicating a 
spec  i t'i c s t i ni U 1 a t  i o 11 o f c o I 1 age  n 
synthesis. T h e  association between 
phenotype and collagen synthesis h a s  
f u r t h e r  d e m o n s t r a t e d  bq ;I 50''; 
decline in collagen synthesis when liS 
cells in primary crilturc returned to 
t h e  cont rac t i le  p h e n o t y p e  u p o n  
reach i n g con  fl u e n c y . I 11 con t r a s t , 
when RS cells did not rcLc'1-t t o  the 
contractile phenotype but remained 
p e r m a n e n t l y  jyn the t ic  ( I R S  
phenotype). collagen synthesis wiis 
maintained at a high level. 

SDS-PAGE analy is  indicated a 
slight alteration in the collagen type 
distribution o f  smooth muscle cells 
consequent  t o  phenotypic  m o d u -  
lation. With modulation t o  the liS 
phenotype, the relative proportion of 
type I collagen synthesised incrcased 
from 78%) to 90% with a concomitant 
decrease in type I l l  collagen Iron1 
1Wf to 6%). This  enrichment of' type I 
collagen was removed wticn KS cells 
returned t o  the contractile phenotype 
and synthesised XY: ;  type I and 13'; 

synthesised similar proportions of 
types 1 and 111 collagens as R S  cells. 
Relat ive p r o p o r t i o n  ot t y p e  V 

t y p e  111 col lagen.  I R S  cells 
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collagen synthesised always accounted 
for 4-574 irrespective of the phenotypic 
state of the cells. 

Although phenotypic modulation 
to the synthetic state was shown to be 
associated with enrichment of type 1 
collagen, the enrichment was relatively 
small in magnitude. Additionally, type 
1 collagen was always the predomin- 
ant collagen species synthesised. Thus 
modulation to the synthetic phenotype 
was characterised by enhanced 
synthesis of total collagen rather than 
shifts in the distribution of collagen 
types. 

These findings are in accord with 
obscrvations made in vivo of normal 
and atherosclcrotic tissues. Hence, 
cn/ymatically-isolated aortic smooth 
muscle cells in primary culture with its 
associated phcnotypic modulation is a 
useful in vitro model system for 
under-standing thc pathogenesis of 
atherosclerosis i n  relation to 
extracellular matrix synthesis, and 
thus the fibrous nature of the plaque. 

The effects of 
intravenously injected - 
very low density 
lipoprotein on small and 
large arterial injuries 
d.A. Manderson, R.  Klein, 
J .H.  Campbell, G.R. Campbell 

One of the earliest morphological 
changes in animals fed a high- 
cholesterol diet is the adhesion of 
monocytes to the arterial endothelium 
followed by their infiltration into the 
intima. However, animals fed a 
cholesterol-supplemented diet show a 
massive (30- to 50-fold) increase in 
plasma cholesterol levels, which 
cannot be equated to the human 
situation. By administering p-VLDL 
daily, thereby producing pulse-like 
changes in plasma cholesterol levels, 
we have tried to mimic sporadic 
insults tha t  may occur fron 
consumption of high fat meals. 

A series of daily injections of p- 
VI.DL was administered over 4-5 
days to  rabbits whose arteries 
contained either experimental circum- 
ferential lesions or areas of intimal 
thickening. The circumferential lesions 
were similar to those that occur 

spontaneously and were produced by 
the application of longitudinal tension. 
The intimal thickening was produced 
by denuding the endothelium with a 
balloon cathetcr. Over the period of 
in.jection of /3-VI,DL the plasma 
cholesterol levels rose in a pulse-like 
manner from 60 to 100 mgjdl .  
Following cessation of injections the 
cholesterol levcls initially rose further 
and then decreased to normal levels 
within 4 weeks. Injections of P-VLDL, 
commencing 1-2 days after production 
of the circumfcrential lesions. resulted 
in an increase in the number of 
mononuclear Icukocytes (primarily 
macrophagcs) and in a moderate 
accumulation of lipid by these cells 
and the medial smooth muscle cells. I f  
the injections were started 14 days 
postin.jury there was some 
accumulation of lipid in  the large 
lesions but none in small lesions. 
There was no lipid accumulation in 
any lesions i f  the P-VLDI, was 
administered 3 months later. A very 
slight accumdition of lipid occurred 
in the intimal thickening, or neo- 
intima, following a series of P-VLDL 
injections given to rabbits 2 or 6 weeks 
after balloon catheter injury. The 
series of injections produced a 
significant increase in the number of 
mononuclear leukocyte profiles per 
area of the neo-intima, suggesting an 
increased infiltratiion of these cells 
into the injured artery. These results 
suggest that a small transient increase 
in the plasma concentration of 
cholesterol-carrying lipoproteins may 
lead to  increased infiltration of 
mononuclear kukocytes into areas of 
intimal thickening or areas of 
“spontaneously occurring” injury. 

Extracellular matrix 
components influence the 
phenotype of vascular 
smooth muscle cells 
E.S. Stadler, J.H. Campbell, 
G.R. Campbell 

The functional unit of the media 
of the normal mammalian artery may 
be considereci to be the vascular 
smooth  mu:jcle cell plus its 
extracellular matrix. Enzymatically 
dispersed medial smooth muscle cells 

are deprived of a basal lamina and 
an extracellular matrix. .I‘hese cells 
consequently undergo a change of 
phenotype from a more contractile to 
a more synthetic state within the first 
few days in primary culture and 
proliferate logarithmically. 

U 1 t r a s t r u c t u r a I s t e r c o I o g i c a I 
techniques were used to quantitate the 
phenotype of vascular smooth mu. 
cells grown in primary culture on ;I 

plastic substrate (control), on and 
within matrices of collagen typc 1 and 
on collagen type 111, collagen type IV 
or basement membrane Matrigel. 1-he 
volume fraction of myofilaments 
(Vvmyo) of freshly isolated smooth 
muscle cells at day 0 was 54.2 + 2.0‘ i .  
By day 5 in culture. thc V\,myo of 
cells grown on collagen type 1 and 
collagen type I I I had decreased 
significantly to 14.2 _t 2.1(.;. 16.5 i: 
2.4% and 16.3 * 2.9‘;; respectively. 
In contrast, the Vvniyo of cells grown 
within matrices of collagen type 1, on 
collagen type I V  and basement 
membrane M at r igc I rc ni a i nc d 
significantly higher at 30.7 f 1.Y;. 
30.8 f 4.2% and 32.1 rf- 3.l(:; 
respectively. 

These findings demonstrate that 
modulation of smooth muscle cell 
phenotype early in culture is arrested 
by the presence of extracellular matrix 
components and suggests that the 
matrix synthesised and secreted by 
smooth muscle cells in the normal 
vessel wall contributes to the 
maintenance of their contractile 
functional state. 
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Projects 
Phosphat idyl inosi tol  tu rnover  

in  t h e  h e a r t :  m e c h a n i s m s  a n d  
functional significance. 

Signal-transduction pathways in 
the adrenal zona glomerulosa and  
their relationship to the synthesis of 
aldosterone. 

Importance of the phosphatidy- 
linositol turnover  pathway in the 
control of the renal function. 

Summary 
T h e  m a i n t e n a n c e  of  life in  

c o m p I e x o r g a n  i s m s  r e q  u i r es  
c o m m u n i c a t i o n  between t h e  dif-  
ferent, specialised organs. 'This is 
achieved either by the release of 
hormones into the blood stream or 
by activation of specific neuronal 
p a t h w a y s  which  release n e u r o -  
transmitters onto the target cells. 
Cells therefore require the ability t o  
recognise these extracellular signals 
a n d  t o  u n d e r g o  a p p r o p r i a t e  
responses to each. T h e  first of these 
r e q u i r e m e n t s ,  recogni t ion ,  is 
ach ieved  by t h e  h o r m o n e  o r  
n e u rot  r a n  s mitt  e r b i n d i ng specific 
receptors on the cell surface. This  
binding initiates a cascade of events 
within the plasma membrane and 
the cytoplasm. ' f h e  large range of 
hormones  , ne u rot  r a ns m it t e rs a n d  
growth factors together  with the  
equally large number  of possible 
responses might suggest a complex 
array of receptor signal transduction 
p a t h w a y s .  However ,  e v i d e n c e  
a v a i I able  to d a t e  o ve r w tie I m i ng I y 
supports the concept of a seemingly 
small number  of signal transduction 
mechanisms which mediate a wide 
r a n g e  of responses .  H o w  these  
c o m p 1 e x  t r a n s d u c t i  o n 
pathways" are  controlled in order t o  
in i t ia te  o n l y  t h e  a p p r o p r i a t e  
response i \  still poorly understood 
and is the major interest o f  the  
Cel I u I a r Rio c he m i s t r y 1 .a b o r a t o r y. 
This  laboratory was established in 
the Institute during 19x9. 

" s i g 11 a 1 

Biochemistry Laboratory 
O u r  r e c e n t  in te res t s  h a v e  

centred on  responses initiated via the 
phosphatidylinositol (PI )  turnover  
pathway in tissues of importance in 
cardiovascular  regulation. In  this 
pathway, binding of a hormone or 
n e u r o t r a n s m i t t e r  to its r e c e p t o r  
triggers the hydrolysis of a plasma 
membrane lipid phosphatidylinositol 
(4,5) b i s p h o s p h a t e  ( p h o s p h a t i d y -  
linositol with two extra  phosphate 
groups). This  hydrolysis generates 
t w o  s ignal l ing molecules, diacyl- 
glycerol (DAG) and inositol (l,4,5) 
trisphosphate. DAG is very lipo- 
philic and remains in the plasma 
m e m b r a n e  where it s t imulates  a 
specific protein kinase called protein 
kinase C.  lnositol I ,4,5 trisphos- 
p h a t e  (1,4,5 I P j )  b e i n g  h ighly  
charged moves into the cytoplasm 
and binds its own receptors on  the 
e n d o p l a s m i c  re t icu lum in i t ia t ing  
Ca2+ release. Subsequently, I ,4,5 IPi, 
possibly in concert with some of its 
m e t a b o l i t e s ,  a c t i v a t e s  e n t r y  of 
extracellular Ca'+, but the mechan- 
ism of th i s  extremely i m p o r t a n t  
c o n t r o l  m e c h a n i s m  is n o t  yet  
u n d e r s t o o d .  In most  t issues  t h e  
metabolism of 1,4,5 IP3 is complex 
involving both phosphorylation and 
d e p h o s p h o r y I at i on  pat h w ay s. €3 u t 
the significance of this complexity 
a n d  t h e  wide  r a n g e  of  h ighly  
p h o s  p h o r  y I a t  e d p r o d u c t s  for m e  d 
remains a mystery. 

T h e  c o m p l e x i t y  of t h e  PI 
t u r n o v e r  p a t h w a y  sugges ts  t h e  
poss ib i l i ty  of f lexibi l i ty  in  its 
operation in different tissues or  even 
wi th in  t h e  o n e  cell t y p e  when 
subjected t o  different s t i  m u I a t  o r y 
factors. Such flexibility may be of 
g r e a t  i m p o r t a n c e  in  e n s u r i n g  
appropriate responses to  stimulation. 
For  instance, in vascular smooth  
muscle cells PI turnover is involved 
in mediat ing both the  mitogenic 
r e s p o n s e  a n d  t h e  c o n t r a c t i l c  
response. Both of these responses are 
perturbed in disease states such a s  
h y p e r t e n s i o n .  It  is of o b v i o u s  
i m p o r t a n c e  t h a t  t h e  a p p r o p r i a t e  
response occurs  following s t imu-  

1 at  io n by hormone , ne u rot ran s m it t e r 
or growth factor. To gain insight into 
the relationship between PI turnover 
and cellular responses, the Cellular 
Biochemistry La bora tor y has made 
a detailed study of the pathway in 
a number  of different tissues and 
w i t h i n  t h e  o n e  cell t y p e  u n d e r  
stimulation by different factors. 

Phosphatid ylinositol 
turnover in the heart: 
mechanisms and 
functional significance 
I.J.  Kuraja, E.A. Woodcock 

While extensive \ t idies  of PI 
turnover have been carried o u t  in 
a number  of different cell types. few 
detailed studies have been performed 
in heart tissue. Cardiac PI turnoLer 
is k n o w n  t o  be  s t i m u l a t e d  via  
a I - a d  re  n o c e  p t o r s  p o  s s i  b I y 
in i t ia ies  t h e  posi t ive i n o t r o p i c  
response to  adrenergic agonists. In 
studies using both thc I .angendorff 
p e r  fu se  d he  a r t  p re  pa r a t  ion a n d  
isolated left and right atria we have 
niade a detailed study of the PI 
turnover pathway i n  adult rat heart 
stimulated by adrenet-gic agonists. 
These studies have shown that the 
pathway in heart difkr-s Ironi that 
described in most other tissues. In 
h e a r t  t i s sue ,  a d d i t i o n  of  
noradrenaline causes a rapid and 
transient release of 1.4.5 l P 3  fijllowed 
by a slower sustained rise. 1 his 
profile of release is similar- to that 
described in other tissues. Howc\er. 
metabolism of 1,4.5 I['{ in the h u r t  
was solely via dephosphory lation t o  
41P, and n o  products 0 1  the phos- 
phorylation pathway were obseined 
a t  a n y  t i m e  a f t e r  a d d i t i o n  o f  
nor ad renal i ne . Quali t a t ivel 4 s i  m i  1 ar  
profiles were observed in ventricle 
and in left and right atria. However, 
in quant i ta t ive terms. right a t r ia  
responded more  strongly t o  nor- 
adrenaline than left atria or right or 
left ventricle. This  higher responsive- 
ness of right atria was not due t o  
a higher density of al adrenoceptors 

21 n d 
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relative to the other chambers of the 
heart. 

To understand the significance of 
this abbreviated PI turnover pathway 
in the adult heart, experiments have 
been performed using myocytes 
prepared from two day old rats whose 
myocytes a r e  not  yet  fully 
differentiated and still have mitotic 
activity. Addition of noradrenaline to 
neonata l  myocytes caused  a 
stimulation of release of 1,4,5 IP3 but 
t h e  observed metabol i sm of  this  
compound was by both phosphoryl- 
a t  io n d e p h o s  p h o r  y la t ion 
pathways. Thus the pathway in the 
neonata l  myocyte  a p p e a r s  t o  be  
similar to that described in many 
other cell types but the pathway in the 
highly special ised adul t  myocyte  
present in intact tissue is different. 
These  results indicate  t h a t  th i s  
complex pathway o f  1,4,5 IPA metab- 
olism is suppressed in the adult heart. 
Whether this constitutes a suppression 
of' responses media ted  via  th i s  
pathway is an interesting possibility 
which requires further investigation. 

In other studies we investigated 
the  cardiac actions o f  the  newly 
descr ibed va s o c  o n st r i c t o r  pe  pt id c 
endothelin. Endothelin is present in 
vascular endothelial cells and is the 
most potent vasoconstrictor substance 
yet described. Endothelin has been 
shown to ha  vc p o s it i ve i not r o p i c 
activity in rat atria and to stimulate 
release of atrial natriuretic peptide. 
Endothel in  p r o d u c e d  a dose-  
dependent  stimulation o f  inositol 
phosphate accumulation in right and 
left atria. As with the noradrenaline 
stimulation, right a t r ia  responded 
more profoundly than left atria. The 
profile of release o f  I .4,5 I P3 following 
endothelin stimulation was similar to 
that observed with nor-adrenaline - a 
rapid and transient rclease followed by 
a slower sustained risc. However, the 
initial response t o  endothelin was 
slower t h a n  the  response t o  
noradrenaline. The  inotropic response 
to  endothelin also was  slower to  
develop t h a n  t h e  noradrena l ine  
response. Thus the rate o f  release of 
1,4,5 IP, may be the limiting factor 
determining the rate of development 
of increased tension. 

a n d  

Signal tranisduction 
pathways in the adrenal 
zona glomcerulosa and 
their relationship to the 
synthesis of aldosterone 
E.A.  Woodcock, L.M. Caroccia, 
J.K. Tanner 

Studies have been undertaken to 
address the question of how cells 
recognise different extracellular stimuli 
when these activate the same second 
messenger path way. 

Phosphaticjylinositol turnover in 
the adrenal glomerulosa is stimulated 
by three vasoconstrictor peptides, 
angio tens in  1 I, vasopressin a n d  
endothelin. In these cells vasopressin 
is mitogenie, whereas angiotensin I 1  
primarily has steroidogenic activity. 
Endothel in  produces  a small  
s teroidogenic  response a n d  o ther  
possible responses have not yet been 
investigated. T h e  overall inositol 
phosphate response to  vasopressin 
was small compared with responses to 
angiotensin 11 and endothelin which 
were similar. 

An examination of the details ol' 
the PI turnover pathway provided a n  
explana t ion  for  these observed 
differences. All three agonists caused 
the rapid and transient release of 1.4.5 
IP3 followed by a slow gradual rise 
However, t h e  metabol i sm of' t h e  
released 1,4,5 IP1 waci different under 
stimulation by the three differcnl. 
peptides. Under vasopressin stirnu-- 
lation I ,4,5 If' ,  was metabolised 
largely by dephosphorylation to 41 P I  
With angiotensin 11, metabolism was 
initially by depliosphorqlation bur. 
after I min with hormone consider-- 
able metabolism by phosphorylation 
w a s  observed .  In t h e  case  o f  
endothe l in ,  phosphoryla t ion  w a s  
observed immediately on adding the 
peptide. The  initial, transient increasc 
in 1,4,5 1P3 was slower in response to 
endothelin than  t o  vasopressin or  
angio tens in  I I. Angiotensin I I 
produced a higher risc in 1,4,5 If':  
than either of the other two peptides 
and this correlated well with a higher 
response in cytosolic free Ca?+ t o  
angiotensin 11 stimulation. 

Experiments were undertaken to 
investigate the  mechanism of' the 
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PI - TURNOVER AND CaZ+ 

Ca Cci2+ RELEASE 

control of 1,4.5 II'? metabolism in 
adrenal glomerulosa cells. Effects of 
Ca'+ were investigated by incubating 
cells in Ca?+ free medium to reduce 
the cytosolic free Ca?+ changes to 
stimulation. Such reduction in Ca?+ 
resulted in reduced 1.4,5 IP3 phos- 
phorylation activity in the presence of 
any of the three peptides. Thus Ca2+ 
can have a role in regulating the 
metabolism of I ,4,5 IP3 but is unlikely 
to be the full explanation since Caz+ 
responses  to vasopressin a n d  
endothelin were similar while their 
1,4,5 IP? metabolic pathways were 
different. 

Thc implications of these results 
are  t h z t  czlls have the ability t o  
discriminate between different signals 
w e n  when these activate the same 
signal transduction pathway. T h i s  
mechanism provides flexibility in 
cellular responses but also means that 
erroneous responses are possible if the 
sys tem is p e r t u r b e d  u n d e r  
pathological conditions. 

Importance of the 
phosphatidylinositol 
turnover pathway in the 
control of renal function 
I.J.  Kuraja, E.A. Woodcock 

T h e  kidney has  been poorly 
studied in terms of P1 turnover, even 
though changes in Ca2+ are likely 
to b e  i m p o r t a n t  in  c o n t r o l l i n g  

tubular function and mesangial cell 
contractility. Study of PI turnover 
in  r e n a l  t i s sue  poses p r o b l e m s  
associated with high background 
activity in the absence of added 
s t i m u  1 at o r y h o r 111 one o r  n e u r o - 
transmitter. Furthermore, the com- 
plex array of cell types present in 
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the kidney can make interpretation 
of results f rom tissue slice experi- 
ments difficult. We havc developed 
m e t h o d s  for  the  p r e p a r a t i o n  of  
p r o x i m a l  t u b u l e s  a n d  p a p i l l a r y  
collecting ducts and we have made 
a preliminary study of' 1'1 turnover 
in these regions of the kidney. 

Lysyl-bradykinin (kal l idin)  is 
produced by kallikrein in the distal 
tubule, but the significance ol' this 
localised production has  not been 
fully understood.  I n  (7111- 5tudies. 
h r a d y k i n i n  was  found t o  be a n  
effective stimulator 0 1  1'1 turnoher 
in papillary collecting tubules. This  
p r o v i d e s  e v i d e n c e  f'or ;I di rec t  
tubular  action o f  brad? k i n i n  and 
provides a n  explanation hr. reported 
interact ions between brad y kini n and 
va s o  p re ss  i n i n c o 11 t r o 1 I i  n g so  I U t c 
r e a b s o r p t i o n  in renal  co l lec t ing  
ducts. 

I n  other studics me stikmcd that  
endothelin stimulated 1'1 t t i rno\cr  in 
papillary collecting duct\. Keceptors 
for endothelin are prescnt at high 
d e n s i t y  in t h i s  reg ion .  k u r t h e r  
studies are  required to  iniestigate 
tubular actions o f  endothelin. 

Y I  
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Projects 
('entral Nervous System 

Con t r i but io n o f fore  b r a  i 11 
n o r a d r c n e r g i c  p a t h w a y s  o n  t h e  
action o f  a-mcthyldopa. 

Mechanisms involved in the  
central pressor action of angiotensin I I .  

Spinal noradrcnergic pathways 
i n  t h e  c e n t r a l  ac t ion  of a- 
m c t h )  Idopa  a n d  6 - h y d r o x y d o p -  
am i ne. 
R eil e x e s 

Effects o f  acute hypertension on 
renal synipathctic baroretlex. 

Assessmcnt 01' gain o f  tachy- 
cardia and bradycardia responses ol 
cii Id i iic bar orc flc x , 

Afferent regu I a t ion o I pressor 
h o r ni o n e  s v a s o c  o ns  t r i  c t  or 
response to  haemorrhage. 

Haroreceptor heart rate reflex 
in spontaneously hypertensive rat. 

lic n a I sympathetic bn ro  reflex in 
trio strains o f  Israeli rabbits. 

Power  s p e c t r a l  a n a l y s i s  of 
blood pressure variability. 

a n d  

Summary 
O u r  aim is t o  determine how 

the brain regulate\ blood pressure 
and blood tlow in conscious animals 
and how some of' the mechanisms 
a r c  a l te red  in e x p e r i m e n t a l  
hypcrtcnsion. T h e  work has ranged 
troin examining thc structure and 
function of dillerent pathways, to  
examining the elt'erent (motor)  and 

afferent (sensory) mechanisms that 
c o n  t r i b u t e t o  t he p h y s io 1 o g i  c a I 
responses to a range o f  physiological 
disturbances. 

Over the last few years, o u r  
a n a l y s i s  o f  c e n t r a l  nei-vous 
mechanisms h;.is focused o n  neurons 
(nerve cells) that. when stimulated, 
relcasc bpecific amines from their 
e n d i n g s  and  t h e r e b y  a c t i v a t e  
a d J o i n i n g  n e u r o n s  in p a t h w a y s  
involved in c,irdiovascular control. 
T h e  central I-ioradrenergic neurons 
a rc  cells t h a l  release f r o m  their  
endings the same transmitter a s  the 
periphcral syripathetic nerves. O u r  
interest arises.from the fact that the 
central action o f  drugs such as a -  
methyldopa ( a - M  I), Aldomet ) and 
clonrdine are critically dependent o n  
the integrity of these pathways. O u r  
most recent work has shown that 
the slowing of heart rate produced 
by a - M D  is mediated through a 
special noradrmergic pathway which 
enhances vagal responses to  arterial 
p ressure  changes .  T h i s  pa thway 
t ravels  f r o m  t h e  nucleus t rac tus  
solitarius region (which receives the 
s e n s o r y  e n d i n g s  f r o m  t h e  
b a r  o rec  e p t o r  < ) t o  t he  a d j  oi n i n g 
motor nucleus in the hindbrain ( the 
vaga l  nuc leus)  via  a long  a n d  
circuitous rout: through higher brain 
centres. I t  illustrates the complexity 
o f  integration of sensory information 
by the brain when a pathway travels 
such a long way to influence the 
activity o f  ari adjoining structure. 
Fine-tuning o f  information from a 
nun-iber  of  sensor-y r e c e p t o r s  
obviously involves a large number 
of brain centres in different regions 
of the brain. 

T h e  peptide angiotensin (Ang) 
I I  is a transmitter released from 
certain brain mdingb in the medulla 
that  produce sympathetic excitation, 
p r o h b l y  in c'mjunction with other 
transmitters. O u r  work this year has  
helped in the functional 1ocalic.ation 
of t h e  b r ai i i  re  n i n - a n g  io t e  ns  i n 
s y s t e m .  We have  s h o w n  t h a t  

receptors very scnsitivc t o  Arig I I  are 
localired in a vei-y small region ol 
the hindbrain near ;I group o f  cellct 
ca I led the  s u b  ret r o lac i ii I n uc  le i i  \ .  

Activation of this xc i i  by Ang I I  
raises blood prcssurc dramaticall!, 
a n d  it5 central  effect4 greatl!, 
enhance sympathetic iierbe response*\ 
to blood pressure changeh. H o w e ~ e i .  
p r e l i m i n a r y  e v i d e n c e  i n  in tac t  
rabbits suggests that the sl'stcm i:,  
no t  tonical ly  act ive.  a t  l e a s t  i n  

normal rabbits. 
We have rcccntl>, shown that 

during acute hypertension there 
marked depression o f  the gain m d  
rarige o f  t h e  rena l  s> ,n ipa thc t ic  
baroref lex,  par t ly  as  a r-esult 0 1 '  
activation o f  s o m e  o f  the cardiac 
baroreceptors. I h e  heart acts. 40 to 
speak, as a brake on the load against 
which it has  to  p u m p .  I here 
s i m i l a r  d e p r e s s i o n  o f  t h e  \ agal 
coin p on e 11 t o t the  ba 1-0 1-ec e p t ( I  I 

h e a r t  r a t e  ref lex in c h r o n i c  
hypertension, which has  adv;intage,\ 
for the heart itself. We have studied 
t h i s  in  t h e  s p o n t a n e o u s l >  
hypertensive rat in thc course ot 
post-natal development: depression 
of the vagal component of the refle.; 
o c c u r s  in  paral le l  with t h e  
d e ve lo p m e  11 I o f  I e ft L' c n t r i c U 1 ii I- 
enlargement, suggesting that i t  too 
arises f rom sensory infliicnccs t'roix 
the heart. 

We have completed an analysis 
on the role of cardiac and arterial 
baroreceptors on the autonomic anti 
hormonal responses during haemor- 
rhage in the rabbit. Bo th  sets 0 1  
r e c e p t o r s  a r e  involved  in t h e  
secretion of' the pressor- hormone. 
a r g i n i n e  vasopress in  (A\'[>). b ~ i i  
neither plays a role in renin I-elease. 
which occurs directly as  ii resuit o f  
the pressure and flow changes m tlic 
kidney. By examining thc cir-culator!, 
responses following 20c rcniohal of 
the blood volume in intact rabbits. 
we obtain a 'model' of circulator! 
c o n  t r 01, c o  n s t I- i  c t o r 
responses  a r e  en t i re ly  m e d i a t e d  

w he  re  t h e  
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through neural mechanisms of the 
autonomic nervous system. In this 
model,  blood pressure is well- 
maintained through a highly 
integrated pattern of autonomic 
activity involving both  cardiac 
stimulation and constriction of the 
peripheral blood vessels. The 'drive' 
for these responses comes from the 
arterial and cardiac baroreceptors. In 
autonomically blocked rabbits, AVP 
and  renin release a re  greatly 
enhanced. Without a functioning 
a u t o n o m i c system , 
baroreceptor influences are hard to 
demonstrate and blood pressure is 
poorly maintained. AVP and Ang 11 
produce  more than  double  the 
normal constriction of peripheral 
blood vessels but, for maintaining 
blood pressure, this is of little benefit 
without stimulation of the heart. The 
autonomic nervous system does this 
most effectively, but AVP and Ang 
I 1  do not. 

Finally, we have developed a 
new method for assessing the 
intrinsic sensitivity of the baro- 
receptor-heart rate reflex separately 
during rises in blood pressure on the 
one hand and falls in blood pressure 
on the other. The first is largely 
mediated through the vagus and the 
second through the card iac  
sympathetic. We have shown that 
increasing the cardiac load enhances 
the intrinsic sensitivity of the vagus, 
both when induced acutely and in 
chronic hypertension. 

n e r v o u s 

Role of forebrain 
noradrenaline pathways in 
acute central effects of 
a-methyldopa and 
6-h ydrox ydopamine 
M .  van den Buuse, G.A.  Head, 
P.I. Korner 

We examined the role of the 
ascending noradrenergic projections 
to the forebrain the dorsal and 
ventral bundles (DBVB) on the 
responses of mean arterial pressure 
(MAP)  and heart rate produced by 
two drugs which enhance the activity 
of the  cent ra l  noradrenerg ic  
pathways through increased trans- 
mitter release. Lesions or sham- 

operations were performed by local 
stereotaxic injections of, respectively, 
small doses of 6-hydroxydopamine 
(6-OHDA) or ascorbic acid vehicle 
into the DBVB region. We compared 
the acute responses to intracisternal 
(i.c.) 6-OHDA and a-methyldopa (a- 
MD)  in lesioned or sham-operated 
rabbits. We studied the effects of the 
drugs in conscious rabbits with intact 
arterial baroreceptor afferents, and 
in' another group of sino-aortically 
denervated (SAD) rabbits. 

Lesions in the  ascending 
bundles completely abolished the 
bradycardia evoked by i.c. a - M D  in 
rabbits with i n t ac t bar orec e p t ors , 
but not that of SAD rabbits. The 
effects on M A P  were slight. The 
findings after DBVB lesions were 
idcntical to our earlier finding after 
electrolytic lesions of the AI and A2 
noradrenergic cell groups of the 
dorsal medulla. 

The acute pressor responses to 
i.c. 6-OHDA were unaffected by the 
lesions in intact rabbits, as was the 
biphasic depressor response in SAD 
rabbits. However, DBVB lesions 
entirely abolished the bradycardia 
response in rabbi t s  with intact  
a r te r ia l  baroreceptors ,  which is 
largely vagal in nature. In S A D  
rabbits, 6-OHDA induces a biphasic 
fall, followed by a rise in heart rate. 
and the latter was significantly 
enhanced after the lesion. The effect 
in intact animals was not entirely 
simulated by lesions of AI and A2 
noradrenergic cell groups, but the 
SAD response was. 

We conclude that ascending 
nor ad  re ne rg ic project ions to  the 
forebrain are part of a pathway 
involved in the facil i tat ion of 
baroreflex-mediated cardiac vagal 
activity tha t  occurs du r ing  
administration of both a - M D  and 
6-OHDA. DBVB lesions abolish this 
facilitatory response. It confirms 
earlier f indings regarding the  
importance of forebrain structures in 
the modulation of baroreflexes. The 
effects on heart rate in SAD rabbits, 
due  to  transmitter release, were 
sympathetically mediated through 
pathways other than the arterial 
baroreceptors and this pathway too 
is influenced by the long ascending 

loop of the DHVH noradrenergic 
path way. 

Evidence for a central 
renin-angiotensin system 
that affects sympathetic 
tone to blood vessels 
G.A.  Head, N.S. Williams, 
S.J. Godwin 

We examined  the  question 
whether there is a central endogen- 
o u  s sb s t e m . 
Comparison of dose-response curves 
to Ang 1, I I  and 1 1 1  given into the 
fourth ventricle of conscious rabbits 
showed that all three drugs evoked 
similar maximum pressor cftccts, 
with the order of potench consistent 
with conversion of Ang  I t o  Ang 
11 to Ang 111. Pretreatnicnt with the 
A ng-convc r t i ng e nz  y me i n h i b i t  o r 

re n i n-a ng io t e ns i n 

CENTRAL METHYLDOPA 
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enalapril, given centrally, produced 
a dose-dependent inhibition of  the 
pressor response to Ang I .  suggesting 
that normally, the effects of the latter 
were entirely media ted  th rough  
conversion to  Ang 11. All three 
peptides given centrally elicited 
constriction of the renal and mesen- 
teric vascular beds  and  vaso- 
dilatation of the hindlimb, as dem- 
onstrated in rabbits instrumented 
with Doppler flow probes. 
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We studied the pressor responses 
to microinjections of Ang 11 into 
various hindbrain regions, in 
urethane-anaesthetized rabbits.  
Pressor responses were observed only 
in the region corresponding to the 
subretrofacial nucleus (SRN) of the 
ventrolateral medulla. Dose-response 
curves of Ang I I  in.jected at this site 
produced maximum increases in 
blood pressure that were lower than 
those produced by injections into the 
fourth ventricle; however, the ED50 
was about  1000 times lower 
compared with i.c.. I.ocal injection 
of an Ang 11 antagonist into the 
SRN selectively blocked the pressor 
responses to Ang 11, both when given 
locally and into the fourth ventricle. 
Thus, our data supports the presence 
of a brain renin-angiotensin system, 
capable of modulating sympathetic 
vasomotor tone, with an important 
component of the system placed in 
the subretrofacial region. 
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Role of central 
angiotensin I1 on renal 
sympathetic and cardiac 
baroreflexes 
P.K. Dorward, C.D. Rudd 

This study reports the effects of 
angiotensin I 1  (Ang 11) injection into 
the fourth ventricle on the properties 
of the renal sympathetic and cardiac 
baroreflexes in conscious rabbits. A 
renal sympathetic nerve electrode 
had previously been implanted and 
perivascular balloons placed around 
the intrathoracic descending aorta 
and inferior vena cava for eliciting 
g raded  rises and  falls in mean  

arterial pressure (MAP). Sigmoidal 
curves were derived in these animals 
relating M A P  t o  (i) renal 
sympathetic nerve activity (RSNA) 
and (ii)  to heart rate. 

Central Ping 11 (2.5 25 ng/ 
niin) caused a t rans ien t  small  
increase in renal sympathetic nerve 
actikity and a small rise in MAP. 
The reflex properties were markedly 
altered: the upper RSNA plateau 
level i n c r e a x d  two-fold, with 
corresponding rises in RSNA range 
and gain. For i.he cardiac baroreflex, 
there was a similar. but smaller 
augmenta t ion  for the uppe r  
( t achy c a rd i a ,  i . e . s y m pat het ic ) 
plateau and for the range and gain. 
Central enalapril had no effect on 
the properties of either baroreflex, 
suggesting tha t  under  normal  
circumstances, the central Ang I 1  
receptor sites are not tonically active. 

Effects of acute 
hypertension on renal 
sy mpat het iic baroreflex 
P.K. Dorward., L.B. Bell, 
C.D. Rudd 

We used conscious rabbits, in 
which reflex. p roper t ies  were 
evaluated before and at the end of 
40 minutes increase in BP by +30 
m m H g  and +45 m m H g  above  
resting. Three groups were studied: 
(i) with all afferents intact;  (ii) 
card iac  ‘denervated’ rabbi t s ,  
fol low i ng i nsi. i 11 i ng of in t r ap  e r i- 
cardial procaine; (iii) rabbits given 
i.v. naloxone (4 mg/kg bolus, 0.12 
mmHg/ kg/ min). In normal rabbits, 
the rises in €31’ produced reduction 
in renal symp,sthetic nerve activity 
(RSNA) range by 34% and 67%, 
respectively; and  cor responding  
reduction in gain by 64% and 87%. 

ANGIOTEN3N II - 4th ventricle I 

Fig. 3 Rend  .y.vmpmheiic nerve (left) heart 
ratt’ (right) baroreflex curves in conscious 
ruhhits. Shriding shows effect of a constant 
fourth ventricular infusion of angiotensin II .  

One-third of this substantial attenu- 
ation of reflex proper t ies  was 
prevented by pericardial procaine, 
bu t  none of it was blocked by 
naloxone. The absence of‘ naloxone- 
sensitive mechanism was in  stark 
contrast to the effects of haemor- 
rhage (fall in BP), where similar 
attenuation of the reflex was entir-ely 
abolished by naloxone. Thus, the 
sources of reflex depression in acute 
hypertension d o  no t  include ;I 

central opioid mechanism, which 
helps to distinguish them from the 
pathway activated during haemor- 
rhage. It suggests tha t  different 
afferent mechanisms are activated b!) 
the two disturbances. 

Relationship between 
baroreceptor heart rate 
reflex changes in 
hypertension and 
development of 
cardiovascular 
hypertrophy 
G.A. Head, M.A. Adams, A .  Bobik 

We have previously found that 
there is reduction in  heart rate (H  R) 
range in adul t  spontaneous ly  
hypertensive rats (SHR), owing to 
a diminished vagal capacity to slow 
the  hear t .  We examined  the  
baroreceptor  hear t  rate reflex 
properties in closely-matched SH R 
and Wistar Kyoto (WKY) rats, aged 
from 6 ~ 20 weeks, in relation to 
the development of cardiac and 
vascular hypertrophy in the SHR.  
Baroreflex properties were dcter- 
mined by the steady-state method, 
using vasoactive drugs ,  while 
vascular hypertrophy was assessed 
subsequently by determining the 
vascular resistance of the perfused 
h indquar t e r  prepara t ion  dur ing  
maximum constriction and maxi- 
mum dilatation; cardiac hypertrophy 
was assessed from left ventricle 
(LV)/body weight (BW) ratios. The 
vagal component of the HR range 
was similar in S H R  to WKY at 6 
weeks’ of age, but was significantly 
reduced in S H R  at 9 weeks and 
maximally reduced by 14 weeks 
(-57%). These  changes  closely 
paralleled the development of cardiac 
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hypertrophy, as  assessed by LV! RW. 
By contrast, most of the vascular 
hypertrophy had occurred earlier 
when there was  n o  difference in 
baroreflex properties between SH R 
and WKY. Thus. the changes to  the 
baroreceptor-heart rate reflex in S H  R 
a p p e a r  to be  related t o  t h e  
development of cardiac hypertrophy. 

Assessment of gain of 
tachycardia and 
bradycardia responses of 
the cardiac baroreflex 
P.I. Korner, B.A.  Kingwell, 
G . A .  McPherson 

M e a n  a r t e r i a l  p r e s s u r e  
( M A P )  hear t  rate ( H R )  reflex 

50 

curves were obtained in humans  by 
the vasoactive drug  method and in 
conscious rabbits by the drug  and 
perivascular cuff methods, which 
provide somewhat different sources 
of afferent drive. T h e  M A P - H R  
relat ionship w a s  depic ted  by a 
sigmoidal curve, consisting of the 
t w o  ha lves  of s e p a r a t e  logis t ic  
func t ions ,  e a c h  c e n t r e d  o n  t h e  
r e s t i n g  v a l u e ,  o n e  for  t h e  
tachycardia response, the  other  for 
the bradycardia response. Estimates 
of the upper  and lower plateaus, of 
the H R  Range and of the  average 
gain o f t h e  entire curve differed only 
slightly f rom those obtained by a 
single symmetrical function. T h e  
n e w  m e t h o d  a l lowed s e p a r a t e  
assessments of the gains of the 
t a c h y c a r d i a  a n d  b r a d y c a r d i a  
responses, G t  and Gb, and  of the 
corresponding normalized (range-  
independent) gains, Ct  and Cb.  In 
both humans  and rabbits. Gt  was 
often greater than  Gb, in agreement 
with earlier findings by others. T h e  
relative magnitude of Gt  to  Gb 
depended (i) on  the location of the 
resting H R  on the H R  range of the 
compound curve and (ii) on  the 
intrinsic sensitivity of the reflex. 
which was assessed by Ct  and by 
Cb. T h e  influence of resting hear t  
rate often masked the effects of 
intrinsic sensitivity on the tachy- 
cardia  and  bradycardia responses. 

We examined the H R  responses 
by both cuff and drug methods and 
found quantitative differences in Ct 
and  Cb between them, consistent 
w i t h  a n  e a r l i e r  h y p o t h e s i s  of 
method-related differences in the 
afferent dr ive.  'There were a l so  
differences in C t ' C b  of the vagal 
component  o f  the reflex between 
humans  and rabbits, using the drug  
m e t h o d .  We c o n c l u d e  t h a t  
n o r m a l i z e d  g a i n  is  a v a l u a b l e  
parameter  for assessing intrinsic 
sensitivity. independently o f  the H R  
Range. It is a n  essential parameter 
for  a s s e s s i n g  t h e  b io logica l  
significance of difterences in gain o f  
the  tachycardia  and  bradycardia  
r e s p o n s e s  d u r i n g  d i f fe ren t  
physiological disturbances. 

Afferent mechanisms in 
haemorrhage 
C.A.  Courneya, P.I. Korner, 
J.H. Oliver. R.1,. Woods 

We completed analysis of the 
role of t h e  a r te r ia l  and card iac  
baroreceptors in the regulation of ( i )  
t h e  secre t ion  of thv pi-essor 
h o r m o n e s  a r g i n i n e  Lasoprexsin 
(AVP) and  plasma renin activity 
(PRA),  the latter sercing as a marker 
for product ion  01' angiotensin II 
( A n g  11) ;  ( i i )  t h e  1iindqu:irtcr's 
vascular resistance response during 
haemorrhage. -I he 1-abbits here  bled 
at  a constant rate of about  3 ( ;  o f  
the blood volume per minute until 
mean arterial pres\ure ( M A P )  had 
fallen to about  45 nimHg, when the 
blood was immediatclq reinfused. 

Hormone secretion. 

Plasma AVP and P K A  responses 
were s t u d i e d  a l t e r  \elective 
d c n e r v a t i o n  01' t h c  ar ter- ia l  
b a r o r e c e p t o r s .  o f  t h e  car-diac 
receptors and of the both sets of 
r c c e p t o r s .  We o b t a i n e d  blood 
vol u me hor  ni o ne CO ncc n t [-at ion 
curves, but thc concentrations j u s t  
be  f o  re cessat ion o 1' h iie ni o r  r h age  
provided the greatest discriniination. 
We s t u d i e d  r a b b i t s  with in tac t  
autonomic nervous system, i n  which 
hormone concent rat ions rose on14 
after more than 25"; of' the blood 
v o l u m e  h a d  been  r e m o v e d  a n d  
rabbits with autonomic blockade. i n  
which hormone secretion was greatlq 
enhanced.  

For AVP secretion i n  rabbits 
wi th  in tac t  a u t o n o m i c  n c r b o u s  
s y s t e m ,  t h e  role of' t h e  a r t e r i a l  
baroreceptors during haemorrhage 
was clear cut, but that of the cardiac 
receptors was equi\ ocal. Houccer, in 
autonomically blocked rabbits. both 
sets of afferent input made a dct inite 
contribution to the response; inpu t  
f r o m  t h e  a r t  c r i ;I I b ;i 1-0 rc c e p t o r x 
provided about  tMo-thirds ol' the 
a f fe ren t  d r i v e ,  whil j t  t h a t  I r o m  
cardiac rec e p t o r  5 p 1- o v  i d e tl a b o U t 

one- th i rd ,  with little increase in 
secre t ion  a f t e r  c o m b i n e d  d e n e r -  
vation. In intact rabbits, the fa l l  in  
blood pressure and blood volume 
during haemorrhage w a j  related to 
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the animal's afferent atatus, whilst in 
autonomically blocked t-abbits, the 
falls in M A P  and blood volume were 
all the same, whatever the animal's 
afferent status. 

With I'KA, neither arterial nor 
cardiac baroreceptors were involved 
i n  t h e  increascd  levels d u r i n g  
haemorrhage. We assume that renin 
is released largely in response to  
direct haemodynamic signals on the 
re n a I 'bar o s  t at'. 

Vasoconstrictor response. 

We have previously found that 
in normal rabbits with functional 
autonomic ne U ra I. h o r mon al, and  
local effector mechanisms. removing 
20'; of the blood volume evokes a 
re  s p o n se solely t h r o u g h  ne  u r a I 
( c o n s t r i c t o r )  a n d  local (d i la tor )  
mechanisms, with no contribution 
f rom the  pressor hormones.  T h e  
latter come into play only with more 
extensive haemorrhage. Hy contrast, 
20',i H V  loss d u r i n g  a u t o n o m i c  
blockade produces enhanced release 
of AVP and P R A ,  so that circulatory 
regulation is almost entirely through 
t h e h o r m o n a 1 constr ic t  o r  effects. 
Thus,  autonomically intact rabbits 
and autonomically blocked rabbits 
provide,  respectively, neura l  a n d  
h o r m o n a 1 ' m o d e  1 s' of  c i r c  u I a t o r  y 
regulation. 

In t h e  a u t o n o m i c a l l y  i n t a c t  
rabbits, the initial phase of good 
maintenance of M A P  was due to  
both cardiac support and peripheral 
v a s o c  o n s  t r i c t ion,  wi th  t h e  I a t  te  r 
somewhat  above the local dilator 

response component .  T h e  ar ter ia l  
and cardiac baroreceptors together 
accounted for about 70% of the drive 
for  the reflex vasoconstriction during 
haemorrhage, with about 30% of the 
response  p r e s u m a b l y  m e d i a t e d  
through other afferent mechanisms. 
T h e  drive by the cardiac receptors 
was responsible for about 20% of the 
constrictor effect, whilst that arising 
f r o m  t h e  a r t  e r i a I b a r  o r e c  e p t o r s 
accounted for a t  least 50(;% of the 
total constriction. 

a u t o 17 o m ic a1 I y blocked 
rabbits, M A P  was poorly maintained 
due t o  the absence of autonomic 
support to the heart. However, the 
degree ot peripheral vasoconstriction 
was about double that of autonomi- 
cally intact rabbits. due to enhanced 
AVP and P R A  concentration. After 
combined sino-aortic and cardiac 
receptor denervation, the vasocon- 
s t r ic ror  response  w a s  v i r tua l ly  
unaffected, because renin (which is 
not under baroreceptor control) rose 
to  levels close to those producing 
maximum cons1:riction. These models 
serve t o  illustrate the fine-tuning 
capacity of the baroreceptor-medi- 
a t e  d re  s p on  se 
through neural effector mechanisms. 
l 'h i s  is lost in the hormonal model, 
partly because only AVP is under 
baroreceptor control. However, even 
if b o t h  hor rnones  were u n d e r  
baroreceptor control, their inability 
to  stimulate the heart makes this 
much less effective a s  a means of 
m a i n t ai n i ng b 1 o o d press  u re t h a n  
neural autonomic control. 

I n 

v a s o c  o ns t r i c t or 

Renal sympathetic baro- 
reflex properties in two 
rabbit strains 
P.K. Dorward, C.D. Rudd 
and M. Weinstock* 

We used the peribawular cuff and 
drug methods to examinc the renal 
baroreflex propertics in  t u o  geneticallq 
related strains of rabbits, bred in Israel 
(Strains I and 11). We determined the 
involvement of ( i )  cardiac afferents. 
using 5%) pericardial procaine, and ( i i )  
of ;in endogenous opiate mechanism. 
by examining the effects of intravenous 
naloxone. In both strains, the gain 01' 
the baroreflex, as  determined by the 
drug method, was half that obtained bl, 
the cuff method. In contrast to earlier 
findings with the baroreceptor heart 
rate reflex, there were no dif'ferences in 
gain between strains with either 
method, and the difference in gain &as  
unaffected by naloxonc. 
*Current address: Department  0 1  
Pharmacology, The  Hebreu Ilniversity 

Medical School, P O H  1172. .Jerusalem 
9 1010, Israel. 

The mechanism of action 
of aldomet: role of the 
spinal noradrenergic fibers 
Carol-Ann Courneya, G.A.  Head. 

Alpha-methlydopa (a-M I)) is an 
anti-hypertensive agent. which has 
been successfully used in patients to 
reduce blood pressure through a 
combined effect of decreasing cardiac 
output and decreasing peripheral re- 
sistance (dilating peripheral vascuiar 
beds). a-MD is converted to a n  active 
metabolite (a-met h yl norad renal i ne). 
which acts  in t h e  noradrena l ine-  
containing fibers in the spinal cord 
t o  inh ib i t  t h e  post-gangl ionic  
sympathetic motor  fibers. We are  
currently testing this hypothesis in 
rabbits which have been instrumented 
with flow probes around the lower 
aorta to measure hindquarter blond 
flow. The  blood pressure and blood 
flow response to a - M D  are being 
compared between rabbits with intact 
noradrenaline-containing fibres, and 
those animals which have undergone 
local destruction of those fibers. 'This 
will establish whether these fibers are 
involved in the mechanism of action 
of a-M D. 
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Sir Thomas Ramsey Electron Microscopy 
laboratory and Morphology laboratory 

Head: S.E. Luff and R.J.  Dilley 

Projects 
Electron microscopy 

Neuroeffector relationships in 
the kidney. 

Q u a n t i t a t i v e  electron micro-  
scopy of neuroeffector junctions in 
muscular  ar ter ies  of normal  a n d  
spontaneous hypertensive rats. 

Development of the innervation 
in muscular arteries in normal and 
spontaneous hypertensive rats. 
Morphology 

Effects  of  I G F - l  t r a n s g e n e  
expression on  card iovascular  re- 
modelling. 

Cell siz.e, number  and reactivity 
in S H R  renal hypertension. 

Summary 
Research conducted  in these 

labora tor ies  h a s  t w o  m a j o r  e m -  
phases; the structural arrangement 
and biochemical content of axon 
terminals innervating blood vessels; 
a n d  s t r u c t u r a l  m e c h a n i s m s  o f  
remodelling in the cardiovascular 
system. 

We have now firmly established 
t h a t  spec ia l i sed  n e u r o m u s c u l a r  
j u n c t i o n s  o c c u r  in  a l m o s t  all 
muscular arteries, and almost  all 
axon varicosities form specialised 
junctions. This  strongly suggests that  
in s m a l l  r e s i s t a n c e  a r t e r i o l e s ,  
neuromuscular transmission occurs 
via these specialised junctions and 
n o t  v i a  d i s t a n t  re lease of  
neurotransmitter. These important  
findings could change the previously 
accepted views on the mechanism of 
neuromuscular transmission in blood 
vessels. They  have formed the basis 
of our  more recent studies on the 
innervation of muscular arteries in 
t h e  k i d n e y  a n d  s p o n t a n e o u s  
hypertensive rats. 

There is considerable evidence 
t o  sugges t  t h a t  t h e  s y m p a t h e t i c  
i n n e r v a t i o n  of  blood vessels is  
involved  in  t h e  d e v e l o p m e n t  of  
hypertension, possibly by promoting 

increased wall mass  of resistance 
a r t e r i e s  in  t h i s  c o n d i t i o n .  For 
example, it is known that  there are  
m o r e  a x o n  t e r m i n a l s  i n  t h e  
s p o n t a n e o u s l y  h y p e r t e n s i v e  r a t s  
( S H R )  arteries than in those from 
n o r m o t e n s i v e  ( W K Y )  a n i m a l s .  
However, it is not yet established if 
there is a difference in the density 
of neuromuscular junctions, which is 
a m o r e  re levant  fac tor .  In  
c o n j  u nc t io n with t h e  C i rc u 1 a t  o r y 
C (3 n t r o 1 a n d  N e u r o p h a r m a c  o lo g y 
L a b o r a t o r y ,  we a r e  c o m p a r i n g  
arteries from two strains of rat to  
ascertain if there is a difference in 
junction density. 

Another  major aspect of the 
research this year has been studies 
of the  innervation of the  kidney 
cortex in conjunction with the Renal 
Laboratory. There is considerable 
cont roversy  c o n c e r n i n g  how t h e  
s y m p a t h e t i c  i n n e r v a t i o n  of  t h e  
kidney controls renal function. I m t  
year we reported that  we had found 
two different types of sympathetic 
axons, a finding which has  not been 
reported previously and which could 
be central to  our  understanding of 
sympathetic neural control of kidney 
function. This  year we have gathered 
more detailed information on  the 
shape. size, distribution and contacts 
of these two types of axons with 
different cell types in the rat and 
rabbit. 

We have also been analysing the 
innervation of the macula densa and 
extraglomerular mesangial region of 
the kidney. In animals that  have 
been treated with enalapril to  block 
the conversion of angiotensin I to  
angiotensin 11, the smooth  muscle 
cells of the  glomerular  arterioles 
change f rom being predominantly 
contractile cells to  ones capable of 
synthesising and secreting renin. We 
have commenced exper iments  t o  
study the sympathetic innervation of 
t h e s e  cells i n  e n a l a p r i l  t r e a t e d  
r a b b i t s  t o  c o m p a r e  t h e m  wi th  
nosrmal an imals .  T h i s  work  will 

p r o v i d e  informat ion  o n  whcthcr  
innervation of smooth muscle cells 
change if their function is changed. 

In  c o n j u n c t i o n  wi th  t h e  
Biochemical Pharmacology Labora- 
tory, we have been investigating the 
d e v e l o p m e n t  of  t h e  s y m p a t h e t i c  
innervation of muscular arteries in 
y o u n g  n o r m a l  a n d  s p o n t a n e o u s  
hypertensive rats. Little is k n o u n  
a b o u t  t h e  d e v e l o p m e n t  0 1  t h c  
per ipheral  sympathet ic  nerve t e r -  
minals .  T h i s  pro jec t  involves  
i m m u n o- his t o c  h e m i c a I < t u d i c s on 
t h e  b iochemica l  c o n t e n t  of  
deve loping  t e r m i n a l s  a n d  u l t ra -  
s t ruc tura l  s tud  i e < on i n n e rv a t io n 
development in muscular arteries ol’ 
2-12 day old normal and spontan- 
eously hypertensive rats. 

T h e  projects on cardiovascular 
s t ru c t u ra l  re  m o d  cl 1 i  ng  a i n i  t o  
e x a m i n e  m e c h a n i s m s  of c a r d i o -  
va  s c u I a r growth . 1 n c o I I ii b o rat i on  
wi th  Dr S t e p h e n  S c h w a r t /  i n  
S e a t t l e ,  U S A ,  we habe  used ;I 

transgenic mouse model to study the 
cardiovascular effects of’ increased 
growth hormone gene levels. These 
mice have increased body weight. as  
well as  greater heart and tessel wall 
mass and so are  particularly useful 
as  models of growth. These “giant” 
mice may also help t o  explain why 
human patients with acromcgaly o r  
gigantism, who also habe increased 
levels of growth hormone. have a 
higher frequency of hypertension 
a n d  c a r d i a c  h y p e r t r o p h y .  O u r  
studies t o  d a t e  have shown tha t  
hypertrophy in the transgenic mice 
is selective for those vessels which 
s u p p l y  l a r g e r  o r g a n s .  a n d  t h u s  
a p p e a r s  to occur  in response t o  
g r e a t e r  d e m a n d s  for b lood  flow 
rather  than  a s  a direct effect of 
g r o w t h  hormone .  G r o w t h  occurs  
primarily by increasing cell numbers 
in the heart and existing vessels. We 
have extended these studies this year 
to include transgenic mice which 
have increased gene levels o f  insulin- 
like growth  factor I, 21 molecule 
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which is also strongly implicated in 
acromegaly and gigantism. 
Transgenic animals with this gene 
also exhibit increased body weight 
and we have completed quantitative 
analyses to describe cardiovascular 
hypertrophy in this model. 

Spontaneously hypertensive rats 
(SH R )  also exhibit cardiovascular 
hyper t rophy,  in tha t  they have 
thicker vessel walls than normal 
animals ( W K Y )  and a greater 
number of smooth muscle cells per 
length o f  vessel. Ry comparison, 
when renal hypertension is produced 
in  normal animals by restricting 
blood flow to the kidney, there is 
evidence to suggest that the size of 
the smooth muscle cells increases, 
but not number. We are interested 
in how these different remodelling 
mechanisms arise. One possibility is 
that  vessels of S H R  strain rats 
rcspond most readily to hypertension 
by increasing cell number. In fact, 
smooth muscle cells from S H R  aorta 
have a greater ability for cell 
proliferation in cell culture. Another 
possibility is that S H R  hypertension 
and renal hypertension are induced 
by different mechanisms, and thus 
invoke different mechanisms of vessel 
wall growth. We are currently 
investigating whether cell number or 
cell size increases after we combine 
these two models. We p roduce  
additional increases in S H R  blood 
pressure by applying renal 
hypertension on top of the existing 
hypertension. In this collaboration 
with the Biochemical Pharmacology 
Laboratory we are also studying the 
functional effects of increased wall 
structure.  To da te ,  we have 
successfully produced  elevated 

pressure in these animals and found 
tha t  the  hear t  and  vessels are 
significantly larger than those of the 
normal S H R .  We a re  currently 
extending these studies to include 
quantitative analyses of cell number 
and sire. 

Neuroeffector 
relationships in the kidney 
S.E. Luff, S .G.  Hengstberger, 
W.P. Andersom, K.M. Denton, 
E.M. McLachllan* 

We have been conducting a 
detailed ultrasmctural study on the 
innervation of the kidney cortex in 
the rabbit and rat. We have adopted 
a new approach in this investigation, 
by determiniag the structure and 
distribution of' specialised neuronal 
junctions. This approach is based on 
ou r  own recent findings tha t  
sympathe t ic  axons  innervating 
almost all muscular arteries form 
specialised junctions with smooth 
muscle cells and  i n  the small  
res i s t a nc e art  e r iole s. This p r oj ec t 
has involved iierial section analysis 
and three dimensional reconstruction 
of individual axons in the region of 
the  glomerular arteriole and 
juxtaglomerular apparatus. We have 
previously reported the finding that 
there are two ctructurally distinctive 
types of axons  innervating the  
glornerular arierioles of the rabbit 
kidney. We have now completed a 
detailed analy:,is of these axons and 
compared them with our existing 
d a t a  o n  the  innerva t ion  of the  
submucous  arterioles and  o ther  
muscular arteries. We have found 
that these two types of axon ( I  & 
11) are also structurally different 
from these innervating most of the 
muscular arteries we have studied in 
adult rats, rabbits and guinea pigs. 
The major characteristics of these 
vessels are detailed below. 
Type I axons 

These ax,ons are not typically 
varicose. The:y exhibit only small 
changes in axon diameter along their 
length havin:g neurotubules and  
filaments running through the whole 
length of the axon segments we have 
analysed (i.e. 40pm). At various 
points along their length synaptie 
vesicles are found clustered towards 

the region of axonal membrane that 
is forming a junction with a target 
cell, usually a smooth muscle cell. 
The diameter of the interwricose 
regions of these axon  are  
significantly greater than those of 
the Type I 1  axons. 
Type I1 axons 

These are typically varicose. 
The varicosities are usually a simple 
fusiform shape and frequently \,cry 
small. The intervaricose regions are 
similarly very small, their diameters 
being about one tenth of' the Thpe 
I intervaricosities. 

We have now established that 
all the axons that innervate this 
region of the kidney i n  the rabbit 
are catecholaminergic. We have a l s o  
established that these two types of 
axons are not restricted to the rabbit 
afferent and efferen! arterioles a s  
they are also found in the rabbit 
interlobular arteries and the r a t  
glomerular arterioles. 

Differences between the 
innervation of the renal vessels 
compared with that of other 
vessels. 

T h e  ar rangement  of the  
innervation is generally longitudinal 
to the vessel axis with few instance5 
of branching axons. This comparcs 
with the complex branching network 
found around most other vessels, 
including arterioles. There is a high 
incidence of' single axons. Single 
axons  segments a rc  frequent11 
observed without any a ss oc i at i o n 
with a Schwann cell. Such axons 
may or may not be surrounded by 
basal lamina and may have a loose 
association with other cell types such 
as fibroblasts. Such axons are able 
t o  form junc t ions  with smoo th  
muscle cells. These  s t ruc tura l  
features could be indicative of a 
more dynamic and plastic neuronal 
system in the kidney. The  mean 
varicosity volume of Type I axons 
is similar to that of other vessels 
(i.e. 1.05 k 0.46 pm3,  and 1.2 k 
0.25 pm3). A similar proportion 
(82%) of the Type 1 axon varicosities 
form junctions with target cells (i.e. 
predominantly smooth muscle cells) 
to those in other vessels of similar 
size. The Type 11 axons are similar 
in tha t  they a re  varicose but  
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differ in t h a t  t h e  s i x  of  t h e  
varicosities a r c  f rcquent ly  much 
smaller than those innervating other 
vessels. A smaller proportion (71Gi) 
of Type I 1  axons form .iunctions, but 
the varicosities that d o  not form 
junctions are predominantly the small 
(< Iym diameter) \ aricosities. There 
are ;I similar proportion o f  junctions 
that  have prcsynaptic membrane  
specialisations in the kidney to that 
found in submucous arterioles and, as  
we also found in the latter vessels, 
they a re  restricted t o  the  larger 
(> lym diameter) varicosities. 

We are currently analysing the 
a x o n s  t h a t  a r e  s i tuated in  t h e  
juxtaglomerular region close to  the 
m a c u l a  densa .  We ha1.e found 
\ aricosities closely apposed to the 
basal lamina o f  the niacula densa. To 
ascertain if these axons are fcrming 
specialised junctions will require three 
dimen-sional reconstruction o f  these 
axons which is presently in progress. 
We have so far not observed any 
axons close to the extra-mesangial 
cells. We are also currently inves- 
tigating the density of junctions on 
the renin-secreting cells in normal 
and enalapril treated animals. 
* Department of Physiology and 

Pharrnaeology,  University of 
Queensland, St. I x i a .  Queensland. 

Frequency of neuro- 
nruscular junctions in the 
adult spontaneously 
hypertensive and Wistar 
Kyoto rat 
S.E.  Luff, P.I. Korner, 
E .M.  McLachlan 

There is considerable evidence 
in the literature that the innervation 
of blood vessels has  a humora l  
influence in the  development  of 
vascular smooth muscle cells and on 
t h e  d e v e l o p m e n t  of  s t r u c t u r a l  
hypertension. When spontaneously 
h y p e r t e n s i v e  r a t s  ( S H K )  a rc  
compared to normotensive WKY 
rats ,  increased dens i ty  of a x o n  
varicosities is evident quite early in 
development. T h e  aim of this study 
was t o  determine i f  there is any 
d i f fe rence  in t h e  f r e q u e n c y  of. 
junctions in  these two strains of 
animals. We have completed a study 
on four different sized mesenteric 
arteries in 16 week old animals and 
have found n o  significant difference 
in the .junction frequency in. the 
vt:ssels of these two strains of rats. 

We a r e  now inbes t iga t ing  t h e  
possibility that  the cflect ol the 
innervation may occur  carlier i n  
development and arc  htud\,ing 4 
week old rats. 

Effects of IGF-I transgene 
expression on cardio- 
vascular remodelling 
R.J.  Dilley, S.M. Schwartz* 

We have shown that the heart 
and aorta of IGF-I transgenic mice 
a re  larger than  thosc ol n o r m a l  
an imals .  '1 hese inci-ease5 a r c  in 
proportion to  body \~.cight increascs 
and appear to  be stimulatcd as part 
of normal adaptive gr-owth t o  suppl! 
a larger b o d j  m a s s  uith blood. he 
growth is acconiplishcd without a i l  

increase in cell nuinhei- i n  the heart 

l..i,y.2 ( ; row/ / i  / i ( ~ r i i i ( i i i o  / r i i i i . \q ( ' i i i ,  r i i i (  ( 2  ( r i ,y l i / )  

( ire Iiir,yi>r /huri i i o r i i i d  i i i i ,  I '  r i i i c l  l i i i i  1' ( i  

I icwiwr uiid loii,y<v v i i i i l l  i i i / ( ' \ i i i i (  1 1 ~  
niii,ihc,r (i/ i i w w i i i w i (  iir/('ri hrnii( /i(,\ 
mppli i t i g  I /W , \ i i i d /  i i i i c \ / i i w  I \  i i t u  olrcw(1 h i /  

or aorta, suggesting that cells becorne 
r t o  increase thc ovcrall t iwie  
. Furthermore, in  cornpar-ison to 

growth hormone transgenic mice. 
where the  brain and the  xcssels 
supplying it ar-e the sitiie s i x  a s  
normal animal\. the l(;1..- 1 transgenic 
animals have ii XIf'; larger- bi-ain 
mass. This increase i \  greater tlian 
that due t o  hod! wcight changc. 
Surprisingly, we did n o t  lind an 
increase in s i ie  0 1  the  c o m m o n  
caro t id  a r t e r y  of thc  t ransgenic  
animals, even though it  wppliej ii  

significantly larger bi-:tin i n a s s .  Tlie\e 
results suggest that thcrc may be 
s o m e  elements  o f  \e\sel specific 
responses to  growth factor\ in these 
models. 

* D e p a r t m e n t  of Pathology. l ini-  
versity of Washington. Seattle. Wash- 
ington, IJSA. 
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Human Autonomic Function Laboratory 

Head: Dr. M.D. Esler 

Projects 
Release  of a m i n e  n e u r o -  

t r;i n s ni i t t e rs and their met a bol i tes 
from the bra i 11. 

Effect of physical conditioning 
on the sympathetic nervous system: 
reg iona l  p a t t e r n  of s y m p a t h e t i c  
inhibition. 

Invest igat ion o f  s y m p a t h e t i c  
ne i-xv, o u  s func t ion  by c o n c  u r re  n t 
mcasurement o f  nerve firing and 
transmitter relcasc. 

T h e  neural deficit in autonomic 
insufficiency syndromes. 

Release of noradrenaline from 
the heart during simulated stressful 
life events. 

Investigation o f  the contribution 
of c a r d i a c  s y m p a t h e t i c  n e r v o u s  
overactivity to  cardiac arrhythmias. 

n o r  a d  re  n al i ne  i n he  a It h y a n d  
h y p e r t e n s i v e  h u m a n s  a n d  in  
laboratory animals. 

S t u d i e s  o n  n e u r o p e p t i d e  Y 
release in man. 

N o r a d r e n a l i n e  release a n d  
reuptake in cardiac failure. 

W h o l e - b o d y  a n d  n e u r o n a l  
a d r e n a l i n e  kinet ics  in m a n  a n d  
lab or a tor y a n  i m al s. 

Ne u r o n  al u p t a k e  of 

Sum mar y 
T h e  sympathetic nervous system 

is a s t i m u l a n t  d iv is ion  of  t h e  
a u t o n o m i c  ( a u t o m a t i c )  n e r v o u s  

system which is very important in 
regulating a range of body functions, 
particularly those involving the heart 
a n d  b l o o d  vt:ssels. T h e  H u m a n  
Autonomic Function laboratory has  
d e v e l o p e d  u n i q u e  m e t h o d s  for  
s tudying  t h e  h u m a n  sympathe t ic  

nervous system, fr om me a s  u I-e mc n t 5 

o f  the rate 01' release of' its neuro- 
transmitter ("chemical messcnger") 
n o r a d r e n a l i n e  I'rom indiL idua i  
organs of the body. This  has led t o  
new knowledge on both the normal 
functioning 01' this branch of the  ncr- 
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vous system and its derrangements 
in disorders such a s  high blood 
pressure and heart failure. A recent 
focus of our research concerns the 
responses of the  sympathe t ic  
nervous system to stress. We are 
now also able to measure electrical 
firing in sympathetic nerves, in 
addition to noradrenaline release 
(Figure I ) ,  and in a study performed 
in collaboration with a distinguished 
visiting scientist, Professor Gunnar 
Wallin demonstrated that mental 
stress preferentially stimulates the 
nerves to the heart. A range of 
common life events, such as coffee 
drinking and exercise (Figure 2) 
also activate the cardiac sympathetic 
nerves. We are continuing this line 
of research, to test whether stress 
really can cause heart disease. 

Another goal of the laboratory 
is to develop methods (and apply 
them in patients) for studying some 
of the  chemical bases of brain 
function. A particular interest j s  the 
transmitters of the central nervous 
system (particularly noradrenaline) 
which regulate the  activity of 
s y m pa the t ic  nerves and  h lo o d 

pressure. We find, using sampling 
catheters passed from an  arm vein 
to the internal jugular veins, which 
carry blood from the brain, that 
nor ad renal i Tie overflow from the 
brain to the blood stream occurs. 
We now have strong evidence that 
noradrena l ine  in the  bra in  is 
important in controlling the activity 
of the sympathetic nerves (Figure 
3), and preliminary but fascinating 
results suggesting that increased 
activity of noradrenaline in the 
bra in  con t r ibu te s  to the  
development of high blood pressure. 

Investigation of 
sympathetic nervous 
function by concurrent 
measurement of nerve 
firing and transmitter 
release 
M.  Esler, G.  Wallin*, G.  Eisenhofer, 
G .  Lambert, H .  Cox, P. Dorward, 
I .  Meredith, G .  Jennings 

T h e  two most powerful 
me thods  for s tudying  h u m a n  

I 

- \  - .  
:.\ 

20 40 60 a0 

LVEF (%) LVEF (%) 

I.r,y.3 A c.urvrhnear r d u i i o n h p  rxisr5 hcrween the pumping effiuency of ihe heart (Iefi ventr idar 
rlri.lion/roc.tion, "1.VEF"and neurotransmitler release.fr.wn the sympatheric~ nerves of the hearr 
("i ortliac N E  SK'7. In pulients with heart failure. u i lh  low LVEF, [he cardiac sympathetic nervous 
ouI/k)w IS slrmulated. 

sympathetic nervous system function 
are electrical (measuring ncrvous 
firing) and biochemical (measuring 
neurotransmitter relcasc). We have 
recently s imul taneous ly  applied 
both methods to learn more about 
the responses of the nervous system 
to stress. While hcalthy research 
volunteers were subjected to mild 
laboratory mental stress (solving 
arithmetic problems while being 
d is t rac ted)  and to  a n  isometric 
exercise challenge ( sus ta in ing  a 
handgrip for ten minutes). nerve 
recordings were made from very 
smal l  e lec t rodes  p i - eb ious ly  
painlessly placed in sympathetic 
nerves t o  skeletal muscle.  ' I  he 
release of noradrenaline from the 
heart was measured concur-r-ently. 
T h e  menta l  stress ( a r i t hme t i c )  
preferentially activatcd thc nerves to 
the  hea r t ,  leaving the  muscle 
sympathetic nerves relatively silent. 
Isometric exercise stimulated nenes  
to heart and muscle proportionately 
(F igure  I ) .  T h e  results confirm 
earlier clinical suspicions that i t  is 
the  hea r t  which is par t icu lar ly  
influenced by nervous reactions to 
stress. 

*visiting scientist 

Release of noradrenaline 
from the heart during 
simulated stressful life 
events 
1. Meredith, M .  Esler, <;. Lambert, 
G .  Eisenhofer, H .  Cox, G .  Jennings 

Following u p  the observations 
noted above, we have pcrformed a 
systemic investigation of activation 
of the sympathetic nerves of the 
hea r t  by mimicing real-life 
circumstances in the laboratory. The 
responses to mcntal strcss, coffee 
drinking, cigarette smoking and 
i sometr ic  exercise have been 
studied. These have been chosen 
because  they  havc been 
incr imina ted  (e i ther  on  s t rong  
scientific grounds or in medical 
folklore) in the development of heart 
disease. Cigarette smoking caused 
adrenaline release from the adrenal 
gland but had little effect on the 
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sympathetic nerves of the heart. 
Coffee d r ink ing  and  i sometr ic  
exercise activated the sympathetic 
nervous outflow to the heart, but 
in proportion to the stimulation of 
sympathetic nerves passing to other 
organs (Figure 2). It was mental 
stress alone which preferentially 
activated the nerves to the heart. 
Our  research evaluating whether 
this stress response is involved in 
caus ing  hea r t  a t tacks  (by  
dangerously altering heart rhythm 
o r  by caus ing  co rona ry  a r te ry  
spasm) continues. 

Noradrenaline release and 
reuptake in cardiac failure 
I.  Meredith, M. Esler, G.  Lambert, 
G .  Jennings 

Our  previous research has  
demonstrated that in patients with 

failing hear t s  the  sympathetic 
nervous system is intensely 
stimulated. This may to some extent 
facilitate the  pumping  of the  
diseased heart muscle, but is thought 
to have adverse consequences, such 
as causing dangerous disturbances of 
hear t  rhy thm and  consequent 
sudden  dea th .  Our continuing 
research shows tha t ,  of all 
sympathetic nervous outflows, it is 
that to the heart which is most 
stimulated (a tenfold increase in 
noradrenaline release is detected). A 
“law of the heart” exists (Figure 3) 
relating, in a curvilinear fashion, the 
extent of cardiac sympathetic nerve 
activation to the degree of failure of 
the heart. An important point is that 
even in early, mild cardiac failure 
substantial stimulation of the cardiac 
nerves is present. It is known that 
such patients, with only mild heart 
failure, are nevertheless very prone 
to sudden death. 

Release of amine 
neurotransmitters and 
their metabolites from the 
brain 
C. Ferrier, M. Esler, M. Horne*, 
G. Eisenhofer, H. Cox, 
G.  Lambert, G.  Jennings 

The activity of the sympathetic 
nervous system is regulated by the 
brain. We have developed techniques 
for studying neuro t ransmi t te r  
(“chemical messenger”) release in 
the brain, by measuring overflow of 
transmitter into the internal jugular 
veins which drain from the brain. 
Sampling catheters can be passed 
painlessly from an arm vein, with 
X-ray viewing control, to lie in both 
jugular veins. We are particularly 
interested in noradrenaline release in 
the brain because of its importance 
in the central nervous system control 
of sympathetic nerve fibre activity 
and  blood pressure. We have 
detected release of noradrenaline 
from the brain into both internal 
jugular  veins, along with its 
precursor (DOPA) and one of its 
breakdown products or metabolites 
(DHPG) (Figure 4). We have found 
that a drug, desipraminc, which 
strongly reduces sympathetic nerve 
fir ing also markedly lowers 
noradrenaline turnover in the brain 
(Figure 4). This  CNS effect of 
des ipramine  appears  to be the 
mechanism by which nerve firing is 
reduced. We are currently studying 
CNS noradrena l ine  tu rnove r  i n  
patients with high blood pressure, to 
learn if their increased sympathetic 
nerve firing is attributable to a CNS 
cause. 

* Director, Clinical Neurophysiology, 
Alfred Hospital. 
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Lipoprotein Metabolism Laboratory 
Head: Dr. P.J. Barter 

Projects 
Evidence in vitro that hepatic 

lipase reduces the concentration of 
apolipoprotein A-1 in rabbit high 
density lipoproteins. 

Interaction of apolipoprotein A- 
l l  with reconsti tuted H D L  
containing egg phosphatidylcholine, 
unesterified cholesterol and  
apolipoprotein A-I. 

Synergistic effects of lipid 
transfers and hepatic lipase in the 
formation of very small high density 
lipoproteins during incubation of 
human plasma. 

Lipoprotein lipase prevents the 
hepatic lipase-induced reduction in 
particle size of high density 
lipoproteins during incubation of 
human plasma. 

The interaction of cholesteryl 
ester transfer pro te in  and  
unesterified fa t ty  acids promotes a 
reduction in the particle size of high 
density lipoproteins. 

Effects of acipimox on plasma 
l ipopro te ins  of hyperlipidaemic 
human subjects. 

Summary 
Our  primary interest in the 

1-ipoprotein Metabolism L.aboratory 
has continued to be the regulation 
of high density lipoproteins ( H  DL) 
with particular reference to factors 
which regulate ( i )  the particle size 
distribution of H D L  and ( i i )  the 
partitioning of cholesterol between 
HDL and low density lipoproteins 
(I-DL). In the latter studies we have 
made  a discovery of major  
importance. 

1-he importance of understan- 
ding factors which influence the 
partitioning of cholesterol between 
d i ffe re n t pl a s m a 1 i p o p rote i ns i s 
highlighted by the observation that 
the risk of developing coronary 
heart disease cnrrclates positively 
with the concentration of cholesterol 
in  LDL and negatively with that in 
HDL. Most of the cholesterol in 
plasma exists as cholesteryl esters 

which reside in the hydrophobic core 
of plasma lipoproteins. In human 
plasma, the cholesteryl esters readily 
exchange between different lipo- 
protein fractions in a process of 
equilibration catalysed by the 
cholesteryl ester transfer protein 
(CETP). In the case of H D L  and 
LDL, we have shown previously that 
the rate of the CETP-media ted  
exchange is rapid relative to the rate 
of l ipoprotein ca tabol i sm;  a s  a 
consequence, the pools of cholesteryl 
esters in these two lipoprotein 
fractions are close to equilibrium in 
vivo. I n  any given subject, therefore, 
the distribution of cholesteryl esters 
between the  L D L  and H D L  
fractions is a function of (i) the 
relative molarit ies of the  two 
lipoprotein fractions and (ii) the 
relative capacities of lipoprotein 
particles in each fraction to 
accommodate  cholesteryl esters. 
Much intersubject variation in the 
distribution of cholesteryl esters 
between LDL and H D L  can be 

explained in terms o f  differences in 
the lipoprotein molarities which, in 
turn, reflect variations in either the 
synthesis or the reccptor-mediated 
cellular uptake of lipoproteins. We 
have now discovered tha t  the  
capacity of lipoprotein particles t o  
accommodate cholesteryl esters is 
also subject to variation. We have 
found that the capacity o f  HDI, 
particles to accommodat.e cholesteryl 
esters is markedly reduccd by an 
interaction between C'F'I'P and  
unesterified fa t ty  acids.  1 - h u s ,  
unesterified fatty acids disrupt the 
C E T  P-med iated eq u i I i  b r i  u m 
between L D L  and HDI. and therc 
is a net mass transfer o f  cholcsteryl 
esters from HDL to 1 . 0 1 .  until. at 
a new steady s ta te ,  a gre;itcr 
proportion of the chole\tcryl esters 
is partitioned in  the L D I ,  fraction. 
This novel effect o f  unestcrificd fatty 
acids is concentration dependent and 
is subject to inhibition by fatty acid- 
poor  but not by f a t t y  acid-rich 
human serum albumin. We conclude 
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that  unesterified fatty acids may be 
important  physiological regulators 
of  the partitioning of cholesteryl 
esters between the non-atherogenic 
H D L  and the atherogenic LD1. 
fraction. Furthermore, the increas- 
ed concentrations of unesterified 
fat ty  acids  in associat ion with 
obesity, smoking ,  d iabe tes  and  
chronic stress may well underlie the 
I O U  c o n c e n t r a t i o n s  o f  H D L  
cholesterol in these conditions. 

Evidence in vitro that 
hepatic lipase reduces the 
concentration of 
apolipoprotein A-I in 
rabbit high density 
lipoproteins 
M.A.  Clay, K-A.  Rye, P.J. Barter 

In te res t  in fac tors  which  
regulate the concentration of H D I .  
h a s  been  s t i m u l a t e d  by t h e  
observation o f  a n  inverse relation- 
ship between the concentration of 
HDL. cholesterol and the risk of 
developing coronary heart disease. 
In general terms. the concentration 
of HDL in plasma may be regulated 
at three levels: ( i )  the synthesis of 
individual H D l >  constituents; (ii) the 
removal of H D L  from the plasma 
and (iii) the remodelling of mature 
H I ) L  w i t h i n  t h e  p l a s m a  e o m -  
p a r t n i e n t .  T h e  p r e s e n t  r e p o r t  
focusses  o n  t h e  i ssue  o f  t h e  
remodelling of H1)L in plasma and 
a s k s  t h e  q u e s t i o n :  d o  p r i m a r y  
changes to  H D l .  lipids result in 
s e c o n d a r y  c h a n g e s  t o  H D L  
a p o I i p o p r o t e i ns? S p ec i f ie all y, we 
have tested the hypothesis that  when 
the H D L  particle size is decreased 
following a primary reduction in the 
concentration of H D L .  core lipids, 
a proportion of the apolipoproteins 
on the H D I .  surface will become 
redundant and,  a s  a consequence, be 
shed from the particle. ?Ib this end, 
we have exploi ted t h e  fact  t h a t  
rabbit H D L  is naturally enriched 
with triacylglycerol and that  when 
rabbit plasma is incubated in vitro 
w i t h  h e p a t i c  l ipase ,  H D L  
triacylglycerol is hydrolysed and  the 

particle size of H D L  decreases. We 
now report that these changes are  
accompanied by a dissociation of a 
proportion of the apoA-I f rom the 
H D L .  

W h e r e a s  t h e  a p o  A-1 is 
confined to the H D L  fraction in 
n o n -  i n c  u b a t e d  r a b b i t  p l a s m a ,  
fol lowing i n c u b a t i o n  o f  r a b b i t  
plasma with canine hepatic lipase 
there is a n  appearance of up  to  30% 
of the apoA-I in the lipoprotein-free 
fraction of plasma. This  dissociation 
of a p o A - l  f r o m  H D L  h a s  been 
d e m o n s t r a t e d  i n d e p e n d e n t l y  by  
ultracentrifugation of plasma at  a 
d e n s i t y  of  1.21 g l m l ,  by  size 
exclusion chromatography of plasma 
o n  c o l u m n s  of S u p e r o s e  6 a n d  
Superose 12 connected in series and 
by imniunoblot analysis of plasma 
s e p a r a t e d  by n o n - d e n a t u r i n g  
gradient gel electrophoresis on  4- 
30% p o l y a c r y l a m i d e  gels. T h e  
dissociation of apoA-I f rom H D L  
has been shown to be unrelated to  
hydrolysis of HDI. phospholipids. It 
does, however. correlate with the  
reduction in HDL particle size i n  
experiments designed to show both 
the time course of the phenomenon 
a n d  i ts  d e p e n d e n c e  o n  t h e  
concentration cif hepatic lipase in the 
incubation. 

‘These in  v i t r o  s t u d i e s  a r e  
consistent with a proposition that  
the concentration of apoA-I in H D L  
is determined in part by intraplasma 
factors which regulate the metab- 
o l i s m  of H D L  c o r e  l ipid 
constituents. 

Interaction of 
apolipoprotein A-I1 with 
reconstituted HDL 
containing egg 
phosphatidylcholine, 
unesterified cholesterol 
and apolipoprotein A-I 
K-A. Rye 

T h e  high density lipoproteins 
( H D L )  in  h u m a n  p l a s m a  a r e  
h e t e r o g e n e o u s ,  c o n s  is t i n g  of 
par t ic les  of  v a r y i n g  size a n d  
composition. Studies addressing the 

regulat ion of  H D L  part ic le  s i re  
usually involve the modification of 
native H D L  with plasma factors 
under conditions which alter both 
the core and surface components of 
H D L .  T h e  r e s u l t i n g  m o d i f i e d  
par t ic les  e i t h e r  a c q u i r e  or s h e d  
sur face  cons t i tuents  in  o r d e r  t o  
conserve their structural integrity. 
A l t h o u g h  s u c h  s y s t e m s  h a v e  
afforded a great deal of information 
about  the relationship between the 
size of HDL and the composition 
of the core and surface, there is, a t  
p resent ,  l i t t le  k n o w n  a b o u t  t h e  
inf luence of  sur face  c o m p o n e n t s  
alone on  the s i x  and stability of the 
par t ic les .  T h e  c u r r e n t  s t u d y  
addresses  th i s  issue in a model  
system of reconstituted HD1.  ( r -  
HDL,). T h e  preparation of r -HDL 
containing various p h o s p h o I i p i  d s. 
a p o l i p o p r o t e i n s  a n d  a r a n g c  o f  
c o n c e n t r a t i o n s  u nest  e r i f i e d 
cholesterol has  been reported by 
several investigators. T h e  present 
study describes the preparation of r- 
H D L  c o n t a i n i n g  b o t h  a p o l i p o -  
protein (apo)  A-I and a p o  A-11. K- 
H D L  wi th  100:l ( m o l : m o l )  egg  
P C : a p o  A-I a n d  0 (Series  I ) ,  5 
(Series 11) or  10 (Series 111) mole;; 
u nes  t e r  if ie d we re 
prepared  by t h e  eholate  dialysis 
method.  T h e  resulting complexes 
had a Stokes’ radius of 4.7 n m  and 
contained two molecules of a p o  A- 
I per particle. When the r-HDI.  (2.0 
m g  a p o  A-I) were supplemented 
with 1.0 m g  of a p o  A-11, one of the 
a p o  A-I molecules was replaced by 
two molecules of a p o  A-11. This  
modification was not accompanied 
by a loss of phospholipid nor by 
major change in particle sire. T h e  
addition of 2.5 or 4.0 mg of a p o  
A-I1 resulted in the displacement o f  
b o t h  a p o  A-I molecules f r o m  a 
proportion of the r - H D I ~  and the 
f o r m a t i o n  of  s m a l l e r  par t ic les  
(S tokes’  r a d i u s  3.9 n m ) ,  w h i c h  
contained half the original number  
of  egg  PC molecules  a n d  t h r e e  
molecules of a p o  A-11. T h e  amount  
of a p o  A-I displaced was dependent 
on  the concentration of unesterified 
cholesterol in the r-HDL: when 2.5 
m g  of a p o  A-II was added to  the 

o f 

e ti o les  t e  r ol 
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Series I, 11 and 111 r-HDL, 44, 60 
and 70% respectively of the apo A- 
I was displaced. Addition of 4.0 mg 
of apo A-I1 did not promote further 
displacement of apo A-1 from any 
of the r -HDL.  By contrast ,  the 
association of apo A-11 with r-HDL 
was independent of the concentra- 
tion of unesterified cholesterol and 
was a linear function of the amount 
of apo A-I1 which had been added. 
I t  is concluded that ( I )  the structural 
integrity of egg PC:unesterified 
cholestero1:apo A-1 r -HDL which 
contain two molecules of apo A-I is 
not affected when one of the apo 
A-1 molecules is replaced by two 
molecules of apo A-11, (2) when both 
apo A-1 molecules are replaced by 
a p o  A-11, small  particles which 
contain three molecules of apo A- 
I 1  are  formed and  (3) the  
displacement of apo A-1 from r- 
H D L  is facilitated by the presence 
of unesterified cholesterol in the 
particles. 

Synergistic effects of lipid 
transfers and hepatic 
lipase in the formation of 
very small high density 
lipoproteins during 
incubation of human 
plasma 
H.H.  Newnham, P.J. Barter 

Studies have been performed to 
determine the involvement of very 
low density lipoproteins (VLDL), 
cholesteryl ester transfer protein 
(CETP) and hepatic lipase (HL) in 
the formation of very small H D L  
particles. Human whole plasma has 
been incubated for six h at 37C in 
the absence and in the presence of 
various additions.  The re  was 
minimal formation of very small 
H D L  in incubat ions  of non- 
supplemented plasma or in plasma 
supplemented with either VLDL, 
C E T P  or HL alone; nor were small 
H D L  prominent after incubating 
plasma supplemented with mixtures 
of VLDL plus CETP, VLDL plus 
HL or C E T P  plus HL. By contrast, 
when plasma was supplemented with 
a mixture containing all three of 

VLDL, CETP and HI,, incubation 
resulted in an  a lmost  to ta l  
conversion of the H D L  fraction into 
very small particles of radius 3.7 nm. 
The appearance of these very small 
H D L  was independent of activity of 
1ecithin:cholesterol acyltransferase. It 
was, however, dependent on both 
duration of incubation and on the 
concentrations of the added VLDL, 
CETP and HL. The effect of these 
incubations was also assessed in 
te rms  of changes to  the  con- 
centration and distribution of lipid 
constituents across the lipoprotein 
spectrum. It was found that not only 
did lipid transfers and HL exhibit 
a marked synergism in promoting a 
reduction in H D L  particle size but 
also that HI,, although deficient in 
intrinsic transfer activity, enhanced 
the CETP-mediated transfers of 
cholesteryl esters from H D L  to other 
li po p ro tein fractions. 

Lipoprotein lipase 
prevents the hepatic 
lipase-induced reduction 
in particle size of high 
density lipoproteins 
during incubation of 
human plasma 
H.H. Newnham, G.J .  Hopkins, 
S. Devlin, P.J. Barter 

Human plasma lipoproteins or  
human whole plasma have been 
incubated  in vitro with canine  
hepatic lipase (H  L) and bovine milk 
l ipopro te in  lipase ( L P L )  to 
determine the effects of these lipases 
on the particle siic distribution of 
H D L ,  a s  de te rmined  by native 
grad ien t  gel electrophoresis.  
Incubation o f  the d<1.21 fraction of  
plasma with varying concentrations 
of HI.  and LPL and subsequent 
analysis of the  d is t r ibu t ion  o f  

VLDL 
t 
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constituents across the lipoprotein 
spec t rum after si7.e exclusion 
chromatography showed that the 
lipid and lipoprotein specificities of 
the lipases used were similar to those 
reported previously. H L  prefer- 
entially hydrolysed H DL triglyceride 
while LPL hydrolysed predominantly 
VLDL triglyceride, but neither lipase 
altered H D L  particle si7e. However, 
when both VLDL and CETP were 
added to incubations of either the 
d<1.21 fraction of plasma or whole 
plasma, HI ,  p romoted  marked 
reduction in HDL particle size from 
the initial populations of 5.3 and 4.3 
nm Stokes' radius to  a uniform 
population of particles of 3.7 nm 
radius. These effects o f  HL were 
dependent on the concentration of 
VI,DL. Under the same conditions 
LPL was virtually without effect. 
When both LPI. and H L  were 
included in the same incubation 
however, LPL inhibited the effects of 
HL on H D L  particle size. These 
results suggest that HI. has a direct 
effect on H D L  particle size in a 
process which is dependent  on  
concurrent lipid transfers between 
HI)L and VLDL and that LPL 
inhibits the effect of HI2 by reducing 
the concentration of VLDL. 

The interaction of 
cholesteryl ester transfer 
protein and unesterified 
fatty acids promotes a 
reduction in the particle 
size of high density 
lipoproteins 
P.J. Barter, L.B.F. Chang, 
H.H. Newnharn, K-A.  Rye, 
O.V.  Rajaram 

Purified human cholesterylester 
transfer protein (CETP) has been 
found under certain conditions to 
promote changes to the particle si7e 
d is t r ibu t ion  of high density 
l ipopro te ins  ( H  D L )  which a re  
comparable to those attributed to a 
putative H D L  conversion factor. 
When preparations of either the 
conversion fac tor  or C E T P  are  
incubated  with H D L 3  in the  
presence of very low density 

lipoproteins (VLDL) or low density 
lipoproteins (LDI,), the HDL3 are 
converted to very small particles. 
The possibility that the conversion 
factor may be identical to CETP was 
supported by two observations: (i) 
CETP was found to be the main 
protein constituent of preparations 
of the conversion factor and (ii) an 
an t ibody  to  C E T P  no t  only 
abolished the cholesteryl ester 
transfer activity of the conversion 
factor preparations but also inhibited 
changes to H D L  particle size. In 
additional studies the changes to 
H D L  particle size promoted by 
purified CETP were inhibited by the 
presence of fatty acid-free bovine 
serum albumin; by contrast, albumin 
had no effect on  the cholesteryl ester 
transfer activity of the CETP. The 
possibility that albumin may inhibit 
changes to H D L  particle size by 
removing unesterified fatty acids 
f rom e i ther  the  l ipopro te ins  or  
C E T P  was tested by add ing  
exogenous unesterified fatty acids to 
the incubations. In incubations of 
H D L  with either VLDL or LDL, 
sodium oleate had no effect on H D L  
particle size. However, when CETP 
was also present in the incubation 
mixtures the capacity of CETP to 
reduce the particle size of HDL was 
greatly enhanced by the addition of 
sodium oleate. It is concluded that 
the changes in H D L  particle size 
which were previously attributed to 
an H D L  conversion factor can be 
explained in terms of the interacting 
effects o f  C E T P  and unesterified 
fatty acids. 

Effects of a.cipimox on 
plasma lipoproteins of 
hyperlipida.emic human 
subjects 
P.J. Barter, I,. Nelson, S. Devlin, 
P. Jenkins 

Ten subjects with combined 
hypertriglyceridaemia (mean TG 
4.92 m M )  and  hypercholestero- 
laemia (mean cholesterol 8.04 mM) 
were treated for six months with 
Acipimox (750 mg/day) in order to 
define the effects of the drug on the 
lipids, apolipoproteins and particle 

size d is t r ibu t ion  of individual 
lipoprotein fractions. Effects on the 
concentrations of constituents in 
whole plasma were consistent with 
previous reports: plasma TG was 
reduced by 45%, (p<0.05), plasma 
cholesterol was reduced by I%/; 
(p<0.05) and  plasma apoH was 
reduced by l7(& (p<0.05);  the 
plasma concentration of apoA-I 
increased by 6(% (n.s.) while apoA- 
I I  was unchanged. The reduction in  
plasma cholesterol was confined to 
the  V L D L  fraction which was 
reduced by 61% (p<0.01). L I I L  
cholesterol was increased by 5%, and 
H D L  cholesterol by but neither 
change was significant. The ratio of 
H D L cholesterol : I ,  D 1, c h ol es t e r o I 
increased by 9% (mean for the ten 
subjects) although again this was not 
significant. The mass ratio of apoA- 
1:apoB in whole plasma, however, 
changed from 0.98 -t 0.22 (mean 
i SD) in pretreatment samples to 
1.28 f 0.34 after Acipimox, an 
increase of 319, which was 
significant (p<0.05). A change in TG 
was significant in all lipoprotein 
fractions, with reductions of 46(i;, 
37% and 33% in VLDI,, I.I)I. and 
H D L  respectively. In the case of 
apoB, the VLDL concentration was 
reduced by 52% (p<0.01) while that 
of L D L  was unchanged.  T h e  
particle sizes of LDL and H D L  werc 
assessed by both  size e x c I u s i o n 
chromatography and non-denatur- 
ing gradient gel electrophoresis. 
Before therapy, the particle size of 
bo th  L D L  and  H D I .  in thesc 
hyperlipidaemic subjects was smaller 
than in normolipidaemic individuals. 
After six months of therapy with 
Acipimox, all subjects displayed an 
increase in the particle siLe of LDL; 
in seven of the ten subjects there 
was also a small increase in the 
particle size of HDL. It is concluded 
that the major effect of Acipimox 
is a reduction in the concentration 
of both lipid and apolipoprotein 
constituents of VLDL, although its 
role in normalizing the particle sii.e 
of L D L  may also be important. 
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lipoprotein Structure & Function laboratory 
Head: Dr. N.H.  Fidge 

Projects 
Structural studies on  the HDL 

receptor complex. 
Immunochemistry of the HDL 

receptor. 
Determination of the structural 

domain of a p o  AI recognised by 
high density lipoprotein receptors. 

Investigation of the  receptor  
b i n d i n g  spec i f ic i ty  of  H D L  
apoproteins: studies on  a p o  A l l .  

R e g u l a t i o n  of h e p a t i c  high 
d e ns i t y 1 i p o p ro te i 11 bind i ng proteins 
101 lo w i n g  o f 
s i  m vas t a t i n and c h oles t y ram i ne to  
rats. 

T h e  effect o f  lovastatin on the 
inter  act ion bet wee n high densi ty  
l i p o p r o t e i n  a n d  c u l t u r e d  r a t  
adrenocortical cells. 

Novel separation of apoproteins 
bq H P L C  techniques. 

S y n t h e t i c  p e p t i d e s  of 
apoproteins and receptors. 

a d  m i n i s t r at io n 

Summary 
T h e  laboratory has continued to  

focus attention on  the mechanisms 
inkolved in the interaction between 
HI)[, and cells. O u r  aim has been 
to  assemble information about  the 
major  components  o f  the  system 
which include (a )  purification and 
cloning of the  H D I .  receptor t o  
determine its structure, (b) identi- 
fication of the ligand recognised by 
the receptor, and (c)  identification of 
factors which regulate activity of the 
H D I -  receptor. These studies have 
c o m b i n e d  t h e  ski l ls  of p r o t e i n  
chemistry, molecular biology a n d  
inimmunochemistry established in 
our  section at  the Baker Medical 
Research Institute. T h e  goal is to 
U n d e r  s t a n d b i o c he  m i s t r y 
involved in t h e  binding between 
H I > L  a n d  cell s u r f a c e s  so t h a t  
ultimately we can manipulate the 
f u n c t i o n  o f  t h e s e  receptors  a n d  
intluence H D I ,  mctabolisrn. 

A p rot oco I has  been es t a b I i  s he d 
enabling successful purification of 
the H DL receptor complex which, 
according to ligand blot information 

t h e  

appears t o  comprise two proteins of 
120 and 100 kDa which we have 
d e s i g n a t e d  H B I  a n d  H B 2  
respectively. Both proteins are very 
hydrophobic, a s  revealed by their 
behaviour on  reverse phase H P L C ,  
a n d  a r e  p r e s e n t  in  low 
concentrations, thus resulting in very 
low yields. These factors have made 
purification difficult but sufficient 
quantities have been produced to  
obtain limited amino acid sequence 
of regions of HB2. 

Shoml I)r1hn 

Some highlights of the work 
o v e r  t h e  p a s t  y e a r  h a v e  been  
progress in further characterisation 
of H B I  and HR2. Both have been 
identified as glycoproteins with low 
p1 values, arid we have produced a n  
a n t i b o d y  t o  H H 2  which inhibi ts  
binding o f  H D L  to plasma mem- 
branes of rat liver. Other  nionoclonal 
ar ; , t ibodies  h a v e  been  p r o d u c e d  
against regions of the ligand which 
a l s o  inhibit binding and significant 
p r o g r e s s  h a s  been  m a d e  o n  
identification of the receptor binding 
domain on one o f  the principal H D I .  
apolipoproteins. 

Structural studies on the 
HDL receptor complex 
H.  Hiroya, N. Fidge, T. Tetaz, 
J .  Andreou 

T h e  ident i f ica t ion  of t w o  
binding proleins in rat liver plasma 
membranes ( H B I  and HB2) which 

bind H D L 3  is not inconsistent u i t h  
d a t a  o b t a i n e d  in  whole  cell o r  
membrane  binding studies, which 
suggest that  more than one binding 
site may be involved. Possibly, somc 
ini t ia l  recogni t ion o f  t h e  l igand 
s t i m u l a t e s  ac t iva t ion  o f  a high 
affinity process involving ;it least 
t w o  ( a n d  p e r h a p s  m o r e )  HI)[.  
binding proteins. Whethcr or no t  
these  ex is t  a s  R c o m p l e x  o r  a s  
s e p a r a t e  e n t it ies w h ic h b e c o m e  
i n t e r  ac t ive  f o  I I o w in g ;i c t i  L ii t ion 
remains to  be determined. Another 
explanation is that HHI and HH2 
s imply  a c t  a s  mere  “ a n c h o r ”  
proteins, docking H D I .  to  enable 
transfer of components between the 
lipoprotein and cell. 

Clues to undei-standing the r-ole 
of HHI and H B 2  i n  111)l rnetabol- 
ism require more structural in!’orm- 
a t i o n ,  a n d  t h i s  necess i ta tes  t h e  
isolation of larger quantities 01 thc 
receptor proteins than wc achieve by 
present  methods .  Recent cxpcr i -  
ments have identified HI31 and H B 2  
a s  glycoproteins and ii 5ignificant 
improve  me nt in p U r i  l’i c a t ion h ii s 
resulted from this disco\er!. [Jsirig 
wheat germ lectin alfinitq columns. 
which bind N-acetyl- glucosaniinql 
residues, most o f  the H D I .  binding 
proteins are recovered in active IOrm 
in the bound fraction. Manq other- 
g l y c o  p ro t e i n con t a m in ii n t s re mai n i n 
the preparation. so final purification 
still requires preparative S I X  gels. 

Due  to  problems with 1-ecovery 
of these proteins from gel sli 
have undertaken ii nem method of 
e n i y m e  c leavage  ca l led  i n  s i tu  
enryme hydrolysis. Alter i-emo\ ing 
SDS from stained gcls, the gcl is 
crushed and  dried and incubated 
wi th  t r y p s i n .  Pept ides  a r e  t h e n  
recovered by extraction with 0. I$; 
trifluoroacetic acid and separated b y  
reverse phase HI’LC and purified 
peptides can  then be wquenced if 
available in sufficient quantities. 

Further  characterisation of thc 
H D I ,  binding proteins has shown 
that  both H B I  and H B 2  are  acidic 
proteins with a pl of appi-oximatcly 
4.2 and may cornprise at least two 
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isoforms in each  case.  Two 
d i me n s ion a I e I e c t r o p h o r es i s 
rcveals that at least one binding 
protein ( H B 2 )  retains activity 
following this procedure which may 
later be exploited for sequencing 
analyses following transfer to PVDF 
membranes. 

ge I 

Immunochemistry of the 
HDL receptor 
J .  Kanellos, N. Fidge, C. Allan 

We have recently obta ined  
con f i r m a t o r y f rom 
i m mu n oc he m ical stud i es t hat 
purified HH2 functions biologically 
as  an H D L  binding protein.  A 
peptide was synthesised. correspond- 
ing to a small region of HB2 recently 
sequenced in the Protein Chemistry 
1 ;I b o r a t  o r y to 
ovalbumin. Following injection into 
rabbi t s ,  antisera was produced  
which, after absorption of oval- 
bumin and  o ther  contaminat ing  
antibodies. yielded a highly niono- 
specific anti HR2 antibody (HB2). 
Seve r al ex  per i me n t s have been 
perlbrmcd to probe HH2 activity. 
First, when added in increasing 
con c e n t r a t i o ns i n c u ba t  i o n s 
containing '251Llabelled H D L  and 
plasma membranes. H H2 inhibited 
binding of H D L  t o  its receptor. 
Secondly, when sections of rat liver 
were incubated with HB2 followed 
by fluorescein labelled second 
an t ibody,  the resultant images 

evidence , 

and c o n.1 u g a t  e d 

t o  

showed that H B 2  hound only to 
plasma membrane regions of intact 
parenchyma1 cells. In a third series 
of experiments involving ligand blots 
of HB2, the antibody was shown to 
inhibit HDL binding which was 
restored when the synthetic peptide 
was added  to the  incubat ion  
mixture, suggesting that the peptide 
competed with HB2 for the antibody 
binding site. 

As a result of these trials, the 
antibody will be uscd for screening 
rat liver cDNA libraries as described 
under projects of the Molecular 
Biology laboratory. 

Determination of the 
structural dlomain of apo 
AI recognised by high 
density lipoprotein 
receptors 
J .  Morrison, N.H.  Fidge 

Therc is good evidence that 
HLIL interacts with high affinity 
sites present o n  hepatocytes. The 
precise nature of the ligand recog- 
nised by putative H D L  receptors 
remains controvcrsial although there 
is a consensus tha t  a p o  A I  is 
involved. 'This suggestion would be 
strengthened if ,a biologically active 
site demonstrating a high affinity for 
the  receptor  could b e  i so la ted .  
Cyanogen bromide fragments (CF) 
of a p o  A I  ( C F I -  C F 4 )  were 
complexed with phospholipid and 

" .  
0 500 1000 1500 

Concentration of antibody I: ug/ml) 

their ability to associate with the 
receptor compared  in various 
binding studies. Careful analysis o f  
the concentration-dependent associ- 
ation of 1251-labelled dimyristoyl 
phosphatidylcholinc ( L I M P C )  
recombinants to rat liver plasma 
membranes revealed high and low 
affinity binding components. As all 
D MCP-recombinants displayed the 
low affinity binding component, i t  
was postulated that this interaction 
was independent of the  protein 
present in the particle and inay well 
represent  a lipid-lipid o r  lipid- 
protein association with thc 
membranes. Onlv 1?51-labelled CF4- 
D M P C  displayed a high affinity 
binding component with siniiiar Kd 
and Bmax (8 x 10-9 M, 1.6 x 10-1: 
Mol/ mg plasma membrane protein) 
to that of 1251-labelled AI-DMPC (7  
x IO-' M, I .4 x 10-12 Moll mg plasma 
membrane protein). Further, ligand 
blotting studies showed that only 
1251-labelled CF4-DM PC associated 
specifically with HRI and HH2, two 
HDL binding proteins recently 
identified in rat  liver plasma 
membranes. We conclude that a 
region within the carboxy-terminus 
of apo  AI is responsible for the 
interaction with putative H D I . -  
receptors present in rat liver plasma 
membranes. 

Investigation of the 
receptor binding 
specificity of HDL 
apoproteins: studies with 
LpAII particles 
P. Vadiveloo, N.  Fidge 

Most studies investigating the 
identity of potent i a I a p o pro  t e i !I 
l igands have employed artificial 
recombinants of  single apoproteins 
and  phospholipid but these 
complexes d o  not resemble the 
native lipoprotein recognised by the 
cell, since their sire, shape and lipid 
composi t ion  a re  usually qui te  
different to that of HD1.3. 7hehe 
differences may be important i n  
terms of function, including ligand- 
receptor interaction. Previous studics 
in our  laboratory. utililing n a t i ~ e  
HDL3 and specific antibodies, h a w  
suggested that both apoproteins A1 
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and AI1 are  involved in the  
interaction between HDL3 and cells. 

With an aim to further define 
the role of apoproteins of HDL3 in 
binding, we reasoned that the native 
l ipoprotein,  changed  only in 
apoprotein content, may provide a 
more suitable physiological model for 
probing ligand-receptor function. 
Thus ,  we prepared HDL3-like 
particles which were enriched in apo 
AI1 and depleted in apo AI (LpAII). 
The advantage of this approach is 
that the only difference between the 
particles is the apoprotein content, 
with no alterations in size, shape or 
lipid composition. 

LpAII particles were shown to 
bind to cells with similar affinity and 
capacity a s  H D L 3 .  Fur the r  
experiments indicated that HDL3 
and LpAlI competed with each other 
for binding and displayed similar 
affinities for a common binding 
site(s). The results suggest that apo 
AII, as well as apo AI plays an 
important role in the process of 
H D L  recognition by putative H D L  
receptors. 

Regulation of hepatic 
high density lipoprotein 
bindi,ng proteins following 
administration of 
simvastatin and 
cholestyramine to rats 
D. Mathai, N.  Fidge, M. Tozuka, 
A. Mitchell 

Whether  or no t  t he  H D L  
binding proteins (HBI and HB2) 
play a significant physiological role 
in H D L  metabolism remains to be 
determined; if they do  provide a 
mechanism for regulating H D L  
transport into or out of cells it could 
be  expec ted  tha t  their  binding 
activity may respond to a variety of 
biochemical processes affected by 
H D L  transport  and metabolism. 
Such postulated changes in activity 
may result from altered rates of their 
synthesis or from modifications to 
the i r  b inding  activity a t  the  
membrane  sur face .  In order  t o  
de te rmine  whether the  b inding  
activities of HBI  and  HB2 are 
regulated, we have treated rats with 
drugs or diets known to affect lipid 

metabol i sm and  l ipopro te in  
concentrations, and compared the 
activities o f  liver H D L  binding 
proteins in these treated animals 
with those  of cont ro l  ra t s .  To 
measure  the  activities, we have 
ex tended  the  process of l igand 
blotting used initially for detecting 
the  presence of H B I  and  HB2 
dur ing  the i r  isolation and  
purification, t o  a system for 
quantitation which depends on the 
radioassay of 125I-labelled H D L  
bound to HBI and HB2 following 
ligand blotting of purified plasma 
membrane proteins. 

Of the various treatments used, 
only simvastatin (S) or simvastatin 
plus cholestyramine (ST) produced 
significant changes, with reductions 
of up to 40 and 60% respectively 
for HBI and HB2. The effect on the 
binding proteins was not associated 
b i t h  changes t o  serum o r  liver 
cholesterol concentrations which did 
not change significantly following S 
or  ST adminis t ra t ion .  O the r  
treatments which markedly altered 
plasma or liver cholesterol levels did 

not  influence HRI  or  HB2 
expression, suppor t ing  this 
suggestion. We thus  provide 
evidence of a biochemical role lor 
HBI and HB2 in HDI. metabolism 
and suggest that their regulation is 
influenced by some unknown 
cellular media tor  ra ther  than  
th rough  changes in cholesterol 
concentrations. The demonstration 
of HBI and HB2 regulation provides 
another important criterion for their 
acceptance as  a functional HDI ,  
receptor. An understanding o f  its 
exact role awaits fur ther  
investigation. 

The effect of lovastatin on 
the interaction between 
high density lipoprotein 
and cultured rat 
adrenocortical cells 
D. Sviridov, N. Fidge 

This project was initiated as a 
result of the collaboration between 
medical scientists in the IJSSR and 

Mirellu Rizzo and Burhuru M e w r  use the FPLC' in their studies of lipoproreins 
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Australia. Recently, several 
compactin-related drugs have been 
developed which inhibit cholesterol 
synthesis by suppressing the activity 
of 3-hydroxy-3-methylglutaryl co- 
enryme A ( H M G  CoA) reductase 
and have found useful application in 
t rc a t i ng h y p e rc h o le s t e r ol ae m i a .  
However, the effect of these drugs on 
cellular metabolism may be more 
complex than originally envisaged. 
For example,  in  addition to its 
suppression of cholesterol synthesis 
and upregulation of low density 
lipoprotein (LDL) receptors. 
administration of these drugs is 
accompanied by increased levels of 
circulating HDI> and induction of 
HMG C o A  reductasc and HMG 
CoA synthase synthesis accompanies 
the initial inhibition of its activity by 
lovastatin. 

We found that preincubation of 
rat adrenocortical  cells with 
lovastatin inhibited high density 
lipoprotein ( H D L 3 )  interaction with 
rat adrenocortical cells in a dose and 
time dependent fashion. Lovastatin 
also caused a decrease in the number 
of binding sites, a moderate increase 
in the affinity of HDL binding to 
cells and produced a dose and time 
dependent inhibition of cholesterol 
synthesis in these cells. Dose 
dependence, but not time- 
dependence, of the inhibition of 
cholesterol synthesis correlated with 
that of HDL binding ( r  = 0.91, p 
< 0.004). Incubation of cells with 
lovastatin for up to 24 h did not 
change their free or total cholesterol 
content. The inhibitory effect was 
apparently not due to a modification 
of HDI, by lovastatin. These results 
suggested that lovastatin causes a 
down-regulation of HDL receptors 
on cultured rat adrenocortical cells. 

Novel separation of 
apoproteins by HPLC 
techniques 
T. Tetaz, N.  Fidge 

Purification of the  various 
plasma apolipoproteins has enabled 
investigation of their structure and 
function and  consequently the  
assignment of physiological roles to 

many of them. Of special interest 
to this laboratory has been the 
separation of the medium molecular 
weight apolipoproteins, apo AIV, 
apo .4l and apo E. These proteins 
have traditionally been purified by 
a series of s teps  including gel 
f i l tration, anion exchange  o r  
chromatofocussing, usually in the 
presence of denaturants such as urea 
or h yd roc  h lor i de  . 
However, none of these techniques 
produce satisfactory purification of 
apoproteins and most lipoprotein 
laboratories use preparative gel 
electrophoresis as a final step to 
obtain homogeneous preparations 
of apoproteinx, particularly when 
these proteins a re  needed for 
antibody production or functional 
investigation. 

We have developed a method 
for the rapid separation of the  
medium molecular weight apolipo- 
proteins AIV, AI and E by high 
performance liquid chromatography. 
Separations were achieved using a 
commercially available column of 
very low hytlrophobicity (TSK 
Phenyl-5PW) i n  the reversed-phase 
mode rather than the conventional 
mode of hydrophobic interaction. 
Delipidated apolipoproteins were 
dissolved in 20 mM orthophos- 
phoric acid (pH 2.3), applied to the 
colunin which was pre-equilibrated 
with the same buffer, and eluted with 
an increasing gradient of acetonitrile. 
Purified apolipoproteins were 
identified by a combination of SDS- 
polyacrylamide gel electrophoresis, 
amino acid anatlysis and N-terminal 
sequence analysis. In one step the 
method can be used to separate the 
major human chylomicron apolipo- 
proteins AIV, AI and E, following 
preliminary removal of the  C 
apolipoproteins by size-exclusion 
chromatography. 

gua  n id in i 11 m 

Synthetic peptides of 
apoproteins and receptors 
J .  Andreou, T. Tetaz, N. Fidge 

The availability of amino acid 
sequences of impor t an t  lipid 
t ranspor t  proteins such  a s  

I i p o proteins , t r a n s t e I- 

proteins including cholcsteryl ester 
transfer protein and  receptors. 
provides an opportunity to probe 
specific regions for biological activity 
or antigenicity. Computer modelling 
has enabled prediction (from the 
sequence and  from plots of 
hydrophilicity and hydrophobicity) 
of potential antigenic regions which 
may be  used for an t ibody 
production while suspected folding 
regions, such as helices, can be used 
to  probe  for lipid protein 
interactions. 

We have recently synthesised 
several peptides which have 
provided useful antibodies as well as 
probes for structural investigations. 
Having recognised that the COOH 
terminus of apo  AI contains the 
receptor binding site, we have made 
two peptides and  produced  
polyclonal an t ibodies  to each. 
Similarly, peptides from regions of 
human CETP have been synthesised 
and antibodies produced to enable 
identification of CETP if expressed 
in the transgenic mice containing 
human CETP genetic material. 

More recently, peptides from 
selected regions of the HDL receptor 
HB2, have been made and anti- 
bodies produced. These peptides are 
also coupled to affinity columns 
which enables purification of 
antibodies in large quantities. 

p I a s  m a 
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Molecular Biology laboratory 
Head: Dr. A.  Mitchell 

Projects 
Cloning of two HDI, binding 

proteins . 
T h e  regulation of hepatic lipase 

activity in the rabbit. 
T h e  effect  of  choles te ro l -  

lowering drugs on the expression of 
apolipoproteins in the rat. 

Studies in the rat and rabbit on 
cholesteryl ester transfer protein and 
its possible role in the development 
of atherosclerosis. 

Summary 
T h e  M o l e c u l a r  Biology 

laboratory has  now been functioning 
for two years. Originally set up at 
the Baker Institute to  assist with the 
cloning of proteins being studied in 
t h e  l a b o r a t o r i e s  of  L i p o p r o t e i n  
Metabolism and Protein Structure 
and Function, this laboratory is now 
inLolved in a number of different 
pro-iects dealing with the general 
issue of the regulation of plasma 
cholesterol. Much of our  effort is 
concentrated on  the role of high 
d e n s i t y  l i p o p r o t e i n s  ( H D L )  in  
cholesterol metabolism. 

H D L  is a plasma component 
which participates in the removal of 
excess cholesterol from tissues and 
its transport to  the liver for either 
excretion or recycling, in a process 
k n o w n  a s  “ reverse  choles te ro l  
transport”. Either directly related to  
this function or  as  a consequence of 
some other role, H U L  seems to  have 
a p r o t e c t i v e  effect  a g a i n s t  t h e  
p re mature  onset o f  at he rosc le r os i s ,  

C h o l e s t e r o l  a s s o c i a t e d  w i t h  
HDI. particles comes into contact 
with many other  plasma proteins. 
including enrymes. which influence 
its fate. Important  among these are 
hepatic lipase ( H I  .) and cholesteryl 
ester transfer protein ( C E T P ) .  When 
the circulating H D12 particles return 
to the liver, their removal from the 
blood is a critical step in influencing 
pl a s ni a cholesterol met a b 01 ism. 

Regulation ot’ the activity of HIL 
and CE7P and the basis for the 

species differences in the levels of 
t h e s e  t w o  p r o t e i n s  a r e  b e i n g  
investigated in our laboratory. Dr. 
Rod W a r r e n  is s t u d y i n g  H L  
expression in the rat and rabbit and 
factors which i n tl uence ex p re ss ion. 
The rabbit i s  o f  interest because it 
has very low levels of HI,  compared 
to the rat, and is highly susceptible 
to  atherosclerosis. We have found 
th.it the gene is present in the rabbit 
and that hepatic inRNA levels for 
HI.  are comparable to  those in rat. 

T h e  presence of CETP in the 
rat is a subject of debate. I f  present, 
it is a t  a very low level of actiLity 
which might occur if a small amount  
of protein were tormed,  or i f  a 
specific inhibitor were present in rat 
p l a s m a .  S i n c e  r a t s  h a v e  l i t t le  
tendency t o  develop atherosclerosis. 
it is possible that a lack of CETP 
contributes to  this resistant state. 
Dr. Llavid Ebert, a scientist from 
the U.S.A. who is currently working 
in  o u r  labora tory .  h a s  o b t a i n e d  
evidence that the rat does possess 

ene with homology to  the human 
TP gene, although expression of 

the gene has not been demonstrated 
either a t  the m R N A  or protein level. 
S f q u e n c i n g  of  p u t a t i v e  c o d i n g  
reg ions  of t h i s  r a t  g e n e  is in  
progress. T h e  other ma-jor project in 
Molecular Biology is the search for 
c lones  e n c o d i n g  H D L  b i n d i n g  
proteins, HBI and HB2. We have 
been working on  Larious aspects of 
this project. including purifying the 
protein, raising antibodies. screening 
c D N A  l i b r a r i e s  a n d  a n a l y s i n g  
putative clones. 

Cloning of two HDL- 
binding proteins 
.4. Mitchell, N .  Fidge, J .  Kanellos, 
T. Tetaz 

Two proteins which specifically 
b i n d  h igh  d e n s i t y  1 i  p o  p r o t e i  n s 
(HDL.)  h a v e  been  ident i f ied  in  
p r e p a r a t i o n s  of  liver p l a s m a  
m e m b r a n e s .  T-he larger  of these 
pro te ins  ( H H I )  h a s  a molecular  
wtight of 120 k D a  while the smaller 
( H R 2 )  is approximately 100 kDa.  

B o t h  h a v e  been  p u r i l i e d  10 

homogenei ty  a n d  HH? h a s  been 
obtained i n  sufficient q uan t i t 4 t o  
allow partial internal scquencing ot 
the molecule. 

W o r k  is c o n t i n u i n g  i n  t h e  
P r o t e i n  S t r u c t u r e  a n d  1.unct ion 
L a b o r a t o r y  t o  o h  t a i n p r i 111 ;i r y 
s e q u e n c e  i n f o r m a t i o n  foi HH I .  
Meanwhile, we have made oligonu- 
cleotidc probes t o  thrcc rcgions of 
HH2.  For e a c h  p e p t i d e .  t uo  
oligonucleotides were syntliesi/ed. 
O n e  o f  these was a unique sequence 
or “guessmer”, uhere the nucleotide 
at  the third position of ~ h c  codon 
was selected following L.onsultatiun 
of codon usage table\  l’or m a m -  
malian genes. .l-he second was a 
mixed probe of limited J c g e n e r a c ~  
in which deoxyinosine u a s  included 
a t  pos i t ions  wi th  t h r c e  o r  t o u r  
n u c l e o t i d e s  a t  t h e  t h i r d  c o d o n  
position. T h e  probes. ranging in si/e 
from 32 to  38 nuclcotitfcs in length. 
will be used to  screen :I rat IiLer 
cDNA library. 

A second approach t o  obtaining 
clones for HHI and HR2 i \  t o  sct-een 
expression libraries with antibodies 
raised to either the pui-it‘ied protcin. 
or a synthetic peptide corresponding 
t o  ii region for which amino x i d  
sequence is available. .I he latter is 
available for. HH? and i \  currently 
being character b e d .  

Finally, oligonuclcotidcs ha\  e 
been synthesbed 101- use a s  primers 
in PCK ampl i f ica t ion  of c D N A  
sequences between two rcgions o f  
peptide sequence. 

‘The availabilit!, of clones for the 
putative HDL. rcceptor molecules 
will facilitate man! studies at the 
molecular Icvcl of these important 
proteins. 

The regulation of hepatic 
lipase activity in the rabbit 
R .  Warren, A .  Mitchell 

T h e  rabbit has  low Iccel\ o f  the  
enryme hepatic lipase (HI . )  present 
in p lasma af te r  the  injection of 
h e p a r i n ,  c o m p a r e d  wi th  e i t h e r  
humans or  rats. We wcre interested 
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in gaining information on the reasons 
for  t h i s  specie5 d i f le rence ,  par -  
ticularly since the rabbit is very 
susceptible and the rat resistant to 
d e\ elo p i ng  on 
cholesterol feeding. 

I0 establish whether the rabbit 
po\\essed a gene homologous t o  rat 
HI., I>NA was prepared from rabbit 
blood digested b i t h  restriction cndo- 
nuclcase FcoR I and subjected to  
Southern blotting following fraction- 
a t i o n  on agarose gels. The mem- 
brane-bound I>NA was probed with 
ii full length rat H I .  c D N A  clone 
(Irom I>r. M. Schot/ o f  the U.S.A.) 
t o  I-eveal fragments with homology 
to the rat gene under conditions 01' 
moderate stringency. 

Next, expression o f  this gene 
was monitored by probing rabbit 
l i \ e r  po lyA R N A ,  af te r  s i re  
fractionation on  agarose gels and 
transfer to nitrocellulose. with the rat 
cI)NA clone. Using this system it  
a p p e a r e d  t h a t  r a b b i t  HI .  w a s  
expressed at only about 5 
level of rat H 1,. However. t o  establish 
the possible role played by species 
differences, a human HL. clone was 
isolated from a liver cDNA library 
and the hybridi/ations repeated to  
reveal a greater homology between 
rabbit and human than rabbit and 
rat HI2  sequences. 

We have used this knowledge to 
identify clones coding for H L  from 
a rabbit liver cl>NA library and are 
currently sequencing this gene. 

Another aspect of the regulation 
of H I ,  in rabbits which we have 
examined is the el'lect of cholesterol 
feeding on  H I >  activity and hepatic 
mKNA levels. Within two days of 

c I : T P  

i i  t h c r osc le r o s  i s 

placing rabbit,:, o n  a cholesterol- 
enriched diet, the enzyme activity of 
H L  increases h y  approximately 3- 
fold, after which it drops slowly to  
level out above the pre-cholesterol 
contrinl value. This  obscrved change 
can be only partially accounted for 
by clevat ions in m R N A  levels, 
s u g g w t i n g  t h a t  o t h e r  post-  
t r a nsc r i p t io n a I a re a l s o  
involved. 

event  s 

The effect of cholesterol 
lowering drugs on the 
expression of 
apolipoproteins in the rat 
A .  Mitchell, hi. Fidge, P. Griffiths 

Several drugs are now widely 
used to  lower cholesterol levels in 
p a t i e n t s  a t  I-isk o f  d e v e l o p i n g  
p re rn at  u re c o r 4 ) n a r y artery d i se a se . 
O n e  type of drug is represented by 
cholt.styramine, ;I bile acid seques- 
t r a n i  which lowers s e r u m  L D L -  
cholcsterol levzls by stimulating bile 
acid production and upregulating 
l ~ , D l ~ .  receptorx. A second type o f  
d r u g ,  for  e x a m p l e  s i m v a s t a t i n ,  
lowers cholesterol levels by inhibiting 
H M G  CoA rediictase, a key eni.yme 
in the biosynthesis of sterols. Apart 
f r o m  t h e i r  m a j o r  f u n c t i o n  in 
lowe r i ng c h 0 1  ester  01, these d rugs 
cause additional changes t o  cellular 
biochemistry which have not been 
well-defined, 

We have investigated changes in 
plasma conce39trations and hepatic 
mKNA levels of the apolipoproteins 
AI. AIV, E and €3 following the 
inclusion of simvastatin and choles- 
tyraminc in rat diets. Simvastatin 

caused significant changes t o  m R N A  
levels and plasma concentrations tor 
both a p o  A I V  (with appreciable  
d e c r e a s e s  t o  b o t h  c o m p o n e n t s  
measured) and apo A I  (for which 
m R N A  levels rose somewhat, &bile 
plasma levels decreased). SimLas- 
tatin also caused ;I marked lowet-ing 
of apo H m R N A  levels which w a s  
not reflected in ii change t o  plasma 
concentrations of apo R. C'holestya- 
m i n e  h a d  l i t t le  el'fect b u t  in 
c o m b i n a t i o n  w i t h  s i m \ , a s t a t i n  i t  
potentiated the eflect on apo A I  
m K N A  a n d  a l s o  c a u s e d  a p o  k3 
m R N A  a n d  p l a s m a  c o n t e n t  t o  
d e c re  a se  T h II s , 
expression o f  the various apolipo- 
protein genes o f  rat is influenced 
d i ffe re  n t i al l y by t h c c h o I ebt e 1'0 I 
lowering drugs chdestyi-aminc and 
simvastatin. 

s ign  if i c a n t I y . 

Studies in the rat and 
rabbit on cholesteryl ester 
transfer protein and its 
possible role in the 
development of 
atherosclerosis 
D. Ebert. A.  Mitchell 

Rats, unlike humans. ar-e not  
susceptible to  the devcloprnent of 
atherosclerosis, and diffcr in certain 
a s p e c t s  of  t h e i r  l i p o p r o t e i n  
m e t a b o l i s m .  Foi- e x a m p l e ,  ra t  
plasma is deficient in a cholester\,l 
ester transfer protein ( o r  C'ETP) 
which is important in tranafcrriiig 
c h o l e s t e r o l  f r o m  H D I .  t o  t h e  
a t  h e r  oge n ic I i p o  p r o t e i n pa 1- t i c les . 
This  deficiency ma) arise by various 
m e c h a n i s m s .  F o r  e x a m p l e .  t he  
protein may exist in plirsma. but be 
p r e v e n t e d  f r o m  a c t i n g  by t h e  
presence of a specific inhibitor, or 
the gene for CFTP may be absent, 
or present but not be expressed. 

We have begun to  examine the 
molecular basis for the apparent lack 
of C E T P  by probing rat hepatic 
m R N A  with human C'FTI' c D N A  
( o b t a i n e d  f r o m  G e n e n t e c h  in 
California) and by seeking evidence 
for CETI' sequences in rat genomic 
DNA fragments. 

Using a variety of' conditions 
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for hybridization and washing of 
filters, we have found n o  evidence 
for m R N A  coding for CETP in the 
rat. However, rat DNA does appear  
to  possess some homology to  the 
h u m a n  CETP s e q u e n c e  when 
washed under conditions of 0.3 M 
NaC'I a n d  62°C. Interestingly, i t  
appears that the 3' portion of the 
c D N A  for h u m a n  c D N A  has n o  
c o u n t e r p a r t  in t h e  ra t  g e n o m e  
whereas  both the  S' a n d  middle  
sections were found to  hybridite to  
rat DNA restriction fragments. Since 
the activity of CE-l'P resides in the 
car  bo x y I- te r m i n a I 26 a in i no acid s , 
this observation may explain the 
apparent lack o f  transfer activity in 
rat plasma. 

To pursue this point further. we 
have screened a rat genomic library 
and located clones for Ct- I P. We 
are  now in the process ol 5ubcloning 
putative structural regions into M 13 
for sequencing. Initiallb this will 
a I lo  w corn p a  r i s o n o 1' h o m o I o g )  
between h u m a n ,  rabbi t  a n d  rat  
CETP genes. D e p e n d i n g  on the  
o u t c o m e  of  t h i s  p r e l i m i n a r y  
i n v e s t i g a t i o n .  we sha l l  e x a m i n e  
regulatory regions ot the gene, or- 
use the clone t o  wreen a c I j N A  
library and t o  probc m l l N A .  

Despite its possible irole in the 
development of atherosclerosi\, little 
i n f o r m a t i o n  is a v a i l a b l e  on  
regulation o f  ( 'E-TP acti\,ity. We 
have begun a s tudy  t o  examine  
whether plasma cholesterol transfer 
ac t iv i ty  c h a n g e s  in r e s p o n s e  t o  
cholesterol feeding in rabbits. In the 
same animals we a re  a l s o  measuring 
hepatic lipase acti\ ity. since these 
two proteins may interact in the 
transport of plasma cholesterol. In 
vitro transfer actikity from HIjL. to  
LDI- increases by approximately 2- 
fold af ter  7 days of' cholesterol- 
feeding, with ;t distinct lag period 
of 2 days. I his response is quite 
different f rom that o f  HI .  which 
reaches a peak at 2 days. suggesting 
that  the two proteins a re  subject to  
d i ffe re  n t reg u 1 a t  o r y m ec h a n  i s m s . 
M e a s u r e m e n t  of  hepat ic  m K N A  
levels is  b e i n g  p e r f o r m e d  t o  
understand more o f  the regulatory 
processes. 
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Pharmacology Laboratory 
Head: Dr. J.A. Angus 

Projects 
Coronary c o I I ate r a I vessel 

reactivity. 
Human skin small artery 

reactivity in congestive heart failure. 
Human small coronary artery 

reactivity. 
Human vein reactivity in primary 

hypertension. 
Endothelium-derived vasoactive 

factors, EDRF and endothelin. 
Characterization of N-type 

voltage operated calcium channels in 
the cardiovascular system. 

Potassium channels in vascular 
smooth muscle. 

Serotonin-receptors in human 
coronary arteries. 

Mathematical modelling of 
vascular resistance in hypertension. 

Summary 
Two broad arcas of research are 

conducted in the Pharmacology 
Laboratory. The  first is the 
identification of mechanisms of action 
of novel drugs, endogenous factors or 
toxins, particularly in relation to blood 
vessels and the heart. Here we seek 
information that may unravel how 
normal physiological processes occur 
o r  help identify new targets for 
potential drug development. The  
second area is the study of the 
reactivity of blood vessels in various 
abnormal conditions with particular 
reference to clinical problems such as 
hypertension, congestive heart failure, 
atherosclerosis, coronary vasospasm 
or collateral vessel development after 
conduit artery occlusion. 

This year I>r. Tom Cocks has 
continued to investigate the release of 
endothelium- derived relaxing factor 
(EDRF)  and the powerful vaso- 
constrictor peptide endothelin from 
cultured endothelial cells. These cells 
that line all blood vessels release 
endothelin when grown in culture 
without serum. He and Dr. Robyn 
Woods found that oxyhaemoglobin 
doubled the production of endothelin 
as  measured by bioa 
radioimmunoassay. This could explain 

the delayed cerebral vasoconstriction 
observed after sub-arachnoid 
haemorrhage. 

EDRF is now considered to be 
the simple molecule nitric oxide, 
formed from the enrymic conversion 
of the amino  acid I>-arginine. 
However, this reaction can occur in 
many different cell types including 
macrophages, leucocytes, liver cells 
and in the brain. We are working to 
identify ( i )  any special features of 
endothelial cell NO production, (ii) 
whether NO can mimic all the actions 
of EDRF and (iii) the physiological 
importance of basal release of 
EDRF/  NO in vascular reactivity. 

Dr. Grant  McPherson has 
continued his characterization of the 
K+-channel on vascular smooth  
muscle cells opened by the vasodilator 
drug crornakalim. This novel site of 
action does not seem to be unique to 
vascular smooth  muscle since 3 
antagonists of cromakalim in blood 
vessels were equally effective against 
cromakalim-induced relaxation in 
trachea and I;ut (ileum) smooth  
muscle. The search is on to determine 
whether there is an endogenous K +  
channel opener which regulates 
smooth muscle tone which could be 
involved in the development of 
hypertension. 

Dr. Didier Pruneau, a visiting 
pharmacologist from Fournier 
Laboratories, Dijon, France, has spent 
12 months in the Pharmacology 
Laboratory sludying the cardio- 
vascular action:; of a novel toxin, w- 
conoroxin GVIA, derived from a fish- 
eating snail. Eltxtrophysiology studies 
showed that this toxin blocks a 
specific calcium channel in excitable 
tissue - the N-type channel. Dr. 
Pruneau has used this tool to 
characterise &here N-channels are 
located and inhibit transmitter release 
from nerves. This important work 
suggests that N-type channels control 
the release of noradrenaline from 
sympathetic nerves and to a lesser 
extent acetylcholine from para- 
sympathetic nerves, with little 
evidence of activity on the post- 
synaptic membrane in heart or blood 

vessels. 
This is the second year of nia-jor 

support  of the Pharmacology 
Laboratory by Glaxo Australia. This  
helpful support is in 3 areas of re- 
search including ( i )  the understanding 
of receptors involved i n  human 
coronary artery reactivity. ( i i )  
characterization of factors released by 
the endothelium and (iii) blood vessel 
reactivity during collateral devel- 
opment and ischaemia. This latter 
area is part of our second major 
theme of our work, to dctcrmine 
vessel reactivity during abnormal 
conditions. In collaboration with the 
Alfred-Baker Medical Ilnit, we have 
found a marked loss of contractile 
response of small arteries from 
buttock skin biopsies of patients with 
congestive heart failure. In addition, 
drug therapy that blocks local 
production of angiotensin 11 from the 
precursor peptide can be determined 
in the skin vessels of these patients. 
Peripheral vascular disease related to 
loss of blood vessels - rarefaction or 
loss of large arteries leading to 
collateral vessel development - is 
poorly understood. Mrs. .lane Ward 
( P h D  student) is currently invcs- 
tigating the reactivity of collateral 
arteries in dog hearts and rabbit 
hindquarters after occlusion of the 
major conducting arteries. An 
understanding of the regulation of 
these collateral channels is important 
because of their crucial role following 
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coronary occlusion and the lack of 
effective drug therapy for peripheral 
ischaemia. 

I.ittle is k n o w n  a b o u t  t h e  
response o f  human small coronary 

odilator or constrictor 
stimuli. With the co-operation of the 
c a r d i a c  s u r g e o n s  a t  t h e  Alf red  
Hospital and Dr. Arch Hroughton, a 
cardiologist and Honorary Kexarch  
Fellow, we have completed a n  initial 
study of the interaction between the 
endotheliuni and the artery wall in 
niicr-ovessels dissected from the right 
atrium. We Ibuiid a most unusual 
osc i 11 a t  o iry a n d  
c o n t r a c t i o n  of these  a r t e r i e s  t o  
acetylcholine and other constrictor 
agents. T h e  pathological implications 
o f  these findings i ire not yet clear. 
Aging, endothelial dysfunction and 
perhaps long term drug therapy are 
q u e s t i o n s  t o  b e  a n s w e r e d .  T h e  
excellent c o l l a b o r a t i o n  with t h e  
!\Ifred Hoypital  a n d  the c lose  
proximity of' the cardiac theatres to 
the laboratory make these important 
studies a reality. 

d e pol a I- i s a t  ion 

Endothelium-derived 
vasoactive factors 
T.M. Cocks, S. King, .J.A. Angus 

Endothelial cells lining all blood 
\,e\sels are now thought to  produce a 
powerful vasodilator substance EDK F 
(nitr-ic oxide. N O ) .  and a long acting 
\ asoconstrictor peptide endothelin. 
EDRF/nitric oxide 

Nitric oxide is produced by the 
enrymatic conversion of I>-arginine 
to N O  and citriilline within endo- 
thelial cells. Ihe  physiological role of  
N O  is however still unknown. Some 
have used the competitve substrate 
ii n a 1 o g N - m o n o rn c t h > I - L-a r g i n i n e 
(L-N M M A )  (which is not converted 
t o  NO a n d  a s  such  inhibi ts  t h e  
enzyme) to claim a role for E D K F  in 
Litro and in v i w  i n  keeping blood 
vessels tonically re laxed.  T h u s .  
application of I_-NM M A  has been 
shown to  contract only endothelium- 
intact isolated vessels. It also increases 
blood pressure in vivo. Both these 
responses have been taken as evidence 
for removal o f  the tonic vasodilator 
effects of EDKF. 

We h a w  examined the effects ot 
I . - \ i M M A  on t h e  isolated d o g  

coronary artery, one of the most 
sensitive prepara t ions  t o  E D R F .  
I-irstly, we observed only p o o r  
inhibition by L-NM M A  of relaxation 
responses  t o  a range o f  E D K F  
agonists. Even when the experiments 
were repeated in the absence of 
extracellular Ca" in order to reduce 
the amount of E I I R F  released per 
unit stimulus., L N M M A  remained a 
weak inhibitor of a l l  the  E D K F  
agonists tested. 

We also examined the effect of 
L-kM M A  on relaxation responses in 
thc  coronary artery to E D K F  released 
f r o m  smal l  columns  of cu l tured  
eritlothelial cc:lls. In this bioassay, the 
source of E D R F  (cultured cells) is 
separa ted  f rom t h c  detector  
(endotIielium--denu(ied ring o f  artery), 
t h m  allowing perturbations to be 
pet-formed bt:tween the cells and the 
artery. To our wrprise, we obtained 
coinplete inhibition of the relaxations 
to EDKF released from the cultured 
cells, but littlc or no block of the same 
rcponses to € DRF released from cells 
in situ. We are currently investigating 
w blc t he r t h i s d i sc 1-e panc y i rid ica t es 
more than one EDRF. 

We can also demonstrate endo- 
theliuni-depcndent contractions to 1.- 
N !vl MA in both cndothelium-intact 
rings of coronary artery and in the cell 
culture-bioassay system. However, w e  
h a ~ c  other widence which suggests 
t h a t  these reponses are not due to  
removal of the effects o f  basal E D K F ,  
but possibly due to  thc release o f  
a n  o I hcr end  o t he1 i u in - d epe n d c n t 
kawactive factor. I f  these findings ar-e 
confirmed, they question the use of 1.- 
N!MMA determine  the  
phisiological role(s) of  EXDRF. 

Endothelin 
(TM. Cocks. S.J. King, R.L. Woods. 
J.,Z. Angus) 

Endothelin ( F T )  is a novel 21 
amino acid vasoconstrictor peptide 
released from endothelial cells. It is 
now known that there is a family of 
e n d o t he1 i ns . t h ree m a m  m al i a n 
pept ides  ( E 7 - 1 , 2 , 3 )  a s  well as ii 

number of ET-like peptides (sarafa- 
toxins) found in the venom of the 
Israeli snake. 

Our contribution to the under- 
standing of the physiology of these 
intr iguing pept ides  has  been to 

demonstrate that ( i )  lai-ge win:, iii-c 

more  sensitive t o  I 7 t h a n  largc 
arteries in both nim and dog. ( i i )  l:-l 
is vascular bed sclecti\,c i n  its effects i i i  

the conscious g~inglion-hl~~che.ci rabbit. 
and ( i i I )  ox y hae mog lo hi 11 \ t i in LI I ;it e\ 
endothelial cells to incr-ea\e either. their 
synthesis and o r  relcasc 01' k 1. I lie 
latter finding niah ha \c  impor t i in t  
implications clinicall\ iii tlrc r i n d c l - -  
s tanding  of cerebral \ a\osp;isi i i  
following haeniorrhagie 51 rokc. 

K+ channels and the 
regulation of vascular 
smooth muscle tone 
G.A. McPherson, S. l iei lj .  
5 . 4 .  Angus 

T h e  le\el 01. tone di\pla>cti b! 
resistance blood ve\\cl'r i \  ticpentierit 
ultimately on the I 
calcium. I ' l i i \  in turn ciepcriti\ to sonic' 
ex ten t  on the re\tiiig ir icinhr;inc 
potential ( F i n ) .  W c  h a i c  bccomc 
interested in the  irok of ;I K +  ehanncl 
which regulates smooth iiiu\cIe tone 
by a l te r ing  I:m. I)rugL such ; I <  

cromakalim and pin;icidil opcii ;I K+  
channel i n  t he  pla5nia incnihr:inc 
which allows K +  t o  flu\ out of' rlic 
cel l .  T h i s  results i i i  mcriibr:ini. 
h>  perpolar i sa t ion  i i n d .  i n  blood 
vessels with actiie tone, in rcl;ixation. 
Due t o  th i s  no\,cl mc~clianisrn 01 
action. drugs  u h i c h  iicti? a t e  t h i \  
channel are the \uhjcct of considerable 
research due to  tlicii- potential u\c in 
hypertension and other  conditions 
resul t ing f rom s m o o t h  niiiscic 
hyperacti\,ity such ;is a\thma. 

We disco\ercd i n  I O X X  \ t ime 
selective an tagonis t s  of' the  
cromakalim mediated \asorelaxant  
re \ponscs .  'I Iicsc antagoni\t\, 
p he n t o I a m i ne. ;I I i n id i ii i' ;I n d g I i - 
benclaniidc, ha\ c becn wed a s  t o o l s  
in it number of \tiidie\ designed to 
i n c  rease ou I- u nde i n t  ;i nd i rig o 1 t he 
mechanisms invol\cd in the regulation 
of vascular smooth mu\c le  toil:. Wc 
asked whether differ-enccs i n  the  
nature o f  the K +  cllanncl opened bq 
cromakalirn in ii nunibcr of' smooth 
muscle types could be iin\cilcd using 
these three  a n t a g o n i s t \ .  I n  \ i t ro  
studies were performed in \ ascular 
( thoracic  a o r t a )  and noii-\,ascuIar 
(trachea and ileum) s m o o t h  muscle 
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froin the  guinea pig. O u r  results 
showed that the K +  channel opened 
by cromakalim was present in all 
tissues studied since cromakalim was 
a powerful casorelaxant in all cases. 
T h e  lack of p o t e n c y  d i f fe rence  
between tissues would indicate that 
the K+ channel is homogeneous. This  
idea was supported by the finding 
t h ii t t h e  a n t a g o n i s t s  s t u d  ie d 
displayed equal potency in the three 
preparations studied. 

Kecent s tudies  have concen-  
trated on whether there is a n  en- 
dogenous cromakalim which affects 
vascular smooth muscle tone in vitro 
and  in vivo. Studies  with phen-  
tolaniine, alinidine and glibenclamide 
in rat small mesenter-ic arteries in 
v i t ro  have  s h o w n  t h a t  these  
compounds depolarise the vascular 
s m o o t h  muscle cell directly. O n e  
explanation is that there is a basal 
release of a n  endogenous e roma-  
k a l i n - l i k e  c o m p o u n d  which is 
inhibited by the antagonists. 7 h e  
notion of' a n  endogenous K +  channel 
opener which regulates vascular tone 
and whether defects in this system 
could be involved in the etiology of 
hypertension are yet t o  be explored. 
Ilsing the tools developed at  the 
Baker Institute, however, we are  well 
p laced  to tes t  these  i n t r i g u i n g  
hypotheses. 

Characterization of N- 
type voltage operated 
calcium channels in the 
cardiovascular system 
D. Pruneau, J.A. Angus, 
P. Arnold, E'. Coles 

Electrophysiological studies have 
characterized three separate Ca++ ion 
channels on excitable cell membranes 
as N-, LA- and 7- based on the channel 
opening time. T h e  roles of these 
dis t inct  channels  may now be  
eva lua ted  since the  discovery of  
organic Ca" entry blocking drugs for 
the  L-type channel  a n d  a newly 
discovered 27-aniinu acid peptide, w- 
conotoxin GVlA (w-CTX) from the 
f ish-eat ing m a r i n e  snai l ,  C o n u s  
geographus. 

We have used w-CTX as a tool 
to incestigate the physiological role of 
N-type VOCCs in the sympathetic 

neurotransmission to the vasculature 
and to heart in vitro and in vivo. In 
isolated rat small mesenteric arteries 
(150-350 p m  in internal diameter) set 
up  in the Mulvany myograph, we 
found t h a t  w-CTX (0.1 t o  3 n M )  
inhibited in a concentration-depen- 
dent manner contractions resulting 
from electrical iicrve stimulation. The 
excitatory junctional potentials, small 
bursts  of  deFiolarisation d u e  t o  
postsynaptic excitation by the released 
neurotransmitter, were also abolished 
by w-CTX (3 nM)  (Fig. A). Since the 

contractions induccd by cxogenously 
applied noradrenaline or potassium 
chloride were unaffected by w-CTX, 
we concluded that o - C P X  acted on 
nerve terminals to  block the release o f  
noradrenaline and ATP. 

In anaesthetiJed rats in which the 
spinal cord was destroyed physically. 
we demonstrated for the first time that 
w-CTX (1.6 and 3.2 pug, kg i.v.) was :I 
powerful inhibitor of pressor responses 
and  tachycardia  due  to  clcctrical 
stimulation of the sympathetic outllou 
to  the vasculature and the heart. 

A Tetrodotox in 

U 
1 min 

Control 

w-Conotoxin GVlA 

7- -54mV 

U 
2 s  
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w-CTX had a slow onset and long 
duration of action. In accordance 
with in vitro studies, responses to i.v. 
noradrenaline were unaffected by w- 
CTX. 

In chronically ins t rumented  
rabbits,  w-CTX 3 ,ug /kg  slowly 
reduced blood pressure, and in- 
creased heart rate and hindquarter 
and renal conductances.  Reflex 
tachycardia in response to sodium 
nitroprusside was markedly attenuated 
by w-CTX 3 g!kg but the brady- 
card ia  to  phenylephrine i.v. or 
"HeLold-Jarisch like" reflex to sero- 
tonin injection and  the naso- 
pharyngeal reflex were little affected 
by  w-CTX.  These  exper iments  
indicate tha t  w-CTX ac ts  pre- 
junctionally to inhibit sympathetic 

transmission in vitro and in vivo 
presumably by blocking N-type Ca" 
channels, but has little effect on the 
vagus. These N-type channels may 
offer a new target for selectively 
reducing sympathetic activity and 
blood pressure. 

Pharmacology of 
collateral vessels 
J..4.  Angus, J.J. Smolich, J.  Ward, 
G.A. McPherson 

Gradual occlusion of a majw 
coronary artery from atheroma in 
m m  results in the transformation of 
small diameter native collateral vessels 
inlo larger diameter collateral vessels 
to prevent ischaemia. Little is known 
of the reactivity of these collateral 

Fig. R Photograph of an acrylic. casr of the coronarv arteries ( f a  mongrel dog heart showing 
the tlevelopmenr of rortuous c,olluteral arteries on rhe epicardiurn 6 months afier occlusion of the 
c.irc.utnflex coronary urtery. 

arteries to vasoconstrictor stimuli. We 
have now examined the quantitative 
reactivity in vitro and morphology of 
segments of collateral arteries from 
greyhound hearts. Six months prior to 
these experiments, casein constrictors 
had been implanted on the origin of 
the left circumflex coronary artery to  
cause gradual occlusion 01' this ma,jor 
conduit vessel. M a t u r c  collateral 
vessels are easily identil'ied on the 
epicardial surface o f  the canine heart 
(Fig. €3). These vessels wer-e removed. 
together with similar siicd branches 
arising from the non-occluded left 
anterior descending coronary artery, 
and prepared for studies on the 
Mulvany myograph. Small arteries 
(150-1000 p m  internal diameter) were 
mounted in a myograph to measure 
isometric force re4 p o  r i  ses . Aft e r 
normalisation, the diameters of. the 
normal arteries were 680.1 + 50.9 p m  
internal diameter. and f o r  the 
collateral arteries, 562.6 i 68.9 pm (n  
= 8). Concentration rc\ponse cun'es to 
both constrictor and dilator agents 
were performed to  examine the 
pharmacological reactivity of these 
arteries. The  vessels were then 
prepared for light microscopy and 
morphometric analysis using a 
calibrated digitising tablet. The  
maximum active pressure response 
(P, where P = Tension radius) to K +  
depolarimtion, endothelin- I (Et)  and 
the thromboxane A2 mimetic, 1146619 
were reduced in the collateral arteries. 
In contrast, an augmented response 
was observed for vasporessin (AVP). 

In vessels precontracted with K 
(3040 mM), the range and sensitivity 
(EC50) of the vasodilator reactivity to 
acetylcholine, sodium nitroprusside 
and cromakalim were unaltered in the 
collateral vessels compared with the 
normal arteries. Quantitation of the 
structural differences between normal 
and collateral arteries of the same sire 
demonstrated a thickening of the 
adventitia, a relatively thin media and 
the development of a substantial neo- 
intima in the collaterals. 

These findings indicate that 
mature collateral arteries cannot be 
considered structurally normal. The 
agonist non-specific loss of constrictor 
capacity in these vessels is probably 
related to the paucity of contractile 
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medial smooth muscle. In addition, 
the lumen encroachment by the neo- 
intimal thickening would play a n  
i ni p o r t  a n t  r o I e i 11 c o m p r o m i s i n g 
blood flow. While  the  col la teral  
artcries are vital in supplying the 
m yoc a rd i u m p rev i o u s I y 
i schaemic  l o n e ,  they  a r e  not  
endowed with enhanced  vasocon- 
s t r ic tor  act ivi ty ,  m a i n t a i n  the i r  
re laxant  act ivi ty ,  b u t  have  a 
compromised lumen that is probably 
flow-limiting. 

C u r r e n t  research is d i rec ted  
towards understanding the pharma- 
cology of peripheral vascular disease 
arid collateral vessel reactivity in the 
ischaemic hindlimb of the rabbit. 

i n t he 

Pharmacology of human 
small coronary arteries 
J.A. Angus, A. Broughton, 
G.A. McPherson, M .  Ross-Smith 

Acetylcholine generally causes 
relaxation o f  large and small arteries 
by acting on endothelial cells to release 
a powerful local factor, endothelium- 
derived relaxing factor ( E D R F )  now 
thought  t o  be nitric oxide. Con-  
traction o f  human large coronary 
arteries in response to acetylcholine 
has bccn reported but has generally 
been taken as  evidence of endothelial 
dysfunction at sites of atheroma. We 
found t h a t  in h u m a n  c o r o n a r y  
resistance arteries (average internal 
diameter = 155 pm) freshly dissected 
f r o m  t h e  t ip  of  t h e  r ight  a t r ia l  
appendage o f  patients undergoing 
open-heart surgery, and mounted in a 
Mulvany myograph. acetylcholine 
causes a most unusual depolarisation 
(3040 mV) and oscillation (0.5 HI) of 
the smooth muscle cell membrane 
poten t ia l  a n d  cont rac t ion  in t h e  
absence  of a n y  a t h e r o m a .  T h i s  
response pattern is dependent on  Ca* 
ext but was unaltered by the removal 
of extracellular Na or by high eon- 
centrations of the dihydropyridine L- 
type Ca" channel inhibitor felodipine 
(0.1 p M ) .  T h e  endothe l ium w a s  
most ly  intact  a s  .judged by 
morphology. In addition, the EDRF 
releasing agent  s u b s t a n c e  P 
repolarised and relaxed the artery 
in the presence of acetylcholine (Fig. 
C). By contrast, in resistance arteries 
dissected from human buttock skin 

biopsies, acetylcholine caused only 
hyperpolar isat ion and  relaxat ion.  
These studies suggest that the human 
c or  o n a r y re s i s 1. a n  c e ar ter ies  fr o m 
cardiac patients are unusually excited 
by muscarinic receptor stimulation 
and emphasise the capacity of EDKF 
t o  antagonise membrane  depolar-  
isation and contraction. 

Human vein reactivity in 
primary hypertension 
K. Sudhir, J.A. Angus, M. Esler, 
G .  Jennings, C. Lambert, 
P.I. Korner 

Enhanced vascular reactivity in 
hypertension may reflect a generalised 
abnormal i ty  of  s m o o t h  muscle  
invohing both arteries and veins. We 
studied the  in vitro reactivity of 
h u m a n  vein, biopsied f r o m  the  
forearm of 15 patients with untreated 
p r i m a r y  hypertension a n d  14 
normotens ive  subjects .  Veins of 
hypertensive patients were stiffer since 
t h e  s lope  of their  wall tension,'  
c i r c u m fe re n e e w a s 
steeper than in normotensive subjects. 
There  was n o  difference between 
groups in their iensitivity (location of 
the EC50) or in normalised maximum 
contractile force (Fmax/  unit radius) in 
response to potassium, or to  serotonin. 
However, veins, f rom hypertensive 
subjects  were less sensitive t o  
n o r  ad re n a I i ne a n d  t h e  se I e c  t i v e 

re I a t  ions h i p s 

a2-adrenoeeptor agonist IJ K 14304. 
and showed a fall in normaliscd F-miix 

with all a-adrenoceptor agonists. I n  
contrast, in veins from hypertcnsi\c 
sutjects, normalised Fmax was 3.7 
t imes higher  in response t o  
angiotensin 11 than in Lcins from 
normotensive subjects. Iksp i tc  the 
reduced responses to  exogenous a- 
ad  re n oee  p t o r  a g o  n i s t s. con t rac t i I c 
responses  t o  t r a n s m u r a l  field 
s t imulat ion were e n h a n c e d  i n  
hypertension. The eifect of selecti\e 
a2-adrenoceptor blockade suggested ii 

d ec re ase  in p re -1 unct ion ;I I ii 11 t o  - 
inhibi t ion,  while the el'fect ol 
desipramine on field stimulation and 
t r i t i a ted o l'fl U x 
suggested deercased neuronal iiminc 
u p t a k e  in veins o f  h\ ,per tcnsiLc 
patients. There was no evidence 01  
medial hypertrophy in the veins 01' 
hypertensive subjects. We conclude 
that veins in hypertcnsion arc stif'ler. 
have  red uce d a-ad re 11 o c  e p t or  
responsiveness, and generate a greater 
m a x i m a l  force in response t o  
angiotensin 11.  Irnpor-tantly, these 
veins show enhanced responses to  
nerve stimulation possibly due  t o  
decreased a2-adrenoceptor mediated 
auto-inhibitory feedback, and reduced 
neuronal  a m i n e  uptake ,  when 
compared to veins from normotensive 
subjects. 

nor  ad  renal i ne 

C26-N Substance P 30nM 
Acetylchollne luM I DIoo153urn 

I 

100 

F 

O J  
125 250 375 500 

sec 

Fig. c' .Membrane porenrial (Em), I rs  derivarive dVldr, and c,ontractile/iwce (F) rrsponw., t o  
ac~et~kholine applied 10 U human isolared small c'oronar-v artery (153 pm i . d )  in U rn w,yraph. 
The unusual oscillarciry response to acetylcholine was abolished b.v subsrancv P infu.yion. 
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Renal Laboratory 
Head: Dr. W.P. Anderson 

Projects 
Site of action of endothelin in  

M e c h a n i s m  of  a c t i o n  o f  

Regional  vascular  effects o f  

R e g u l a t i o n  of  g l o m e r u l a r  

the kidney. 

endothelin in the kidney. 

AN P. 

function ~~ micropuncture analysis. 
A N P  role of renal nerves. 
R e n a l  v a s c u l a r  a c t i o n s  of 

a n g i o t e n s i n  I 1  n i o r p h o m e t r i c  
analysis. 

S t imula t ing  t h e  release of ii 

renal medullary depressor substance. 

Summary 
Work th is  year  h a s  concen-  

trated on  three putative endocrine 
factors of great potential importance 
t o  the kidney atrial natriuretic 
hormone, endothelin and medullipin. 
We have used our  well-developed 
conscious d o g  and  rabbi t  micro- 
p u n c t u r e  p r e p a r a t i o n s  to g a i n  
information which is not possible by 
other means. 

Atrial natriuretic peptide was 
discovered in the early 1980s, but 
its physiological significance is yet 
t o  be fully understood. This  is partly 
because there have been relatively 
few studies  of its cardiovascular  
actions in wholc, conscious animals. 
O u r  most interesting finding was 
tha t  A N P  causes a n  increase in 
p e r i p h e r a l  v a s c u l a r  r e s i s t a n c e  
( es p ec i a I I y notice a b I  e when a LI t o - 
nomic reflexes are blocked), rather 
t h a n  a d e c r e a s e  a s  prev ious ly  
asxumed. A decrease was assumed 
b e c a  use a I- t e r i a I b l o o d  press  U re  
usually falls after A N P  infusion, but 
the hypotension is actually due to  
ii Lery marked reduction in cardiac 
output. This  year we have worked 
out e x a c t l y  where  A N P  c a u s e s  
v a s o c  on s t r i ct ion , a n d  t h i s seems 
m a i n l y  t o  h e  t h e  h e a r t  a n d  
ga\trointestinal tract. We now plan 
to  test whether the vasoconstriction 
is il primary action of A N P  or  is 
due t o  t h e  re lease  o f  a n o t h e r  

vawconstrictor substance. We will 
also study the functional significance 
of these mesenteric and niyocardial 
vasoconstrictions. Other  studies on 
t h e  phys io logy  of  A N P  h a v e  
included its interactions with renal 
nerves a n d  its effects o n  eardio- 
vascular reflexes. 

Endothelin is a recently dis- 
c olie re  d m a d  e by 
entiothelial cells. It inay be  of special 
importance in the kidney, because 
of the role (of the endothelial cells 
in  renal  function. Micropuncture  
studies in our  laboratory have shown 
that  endothelin is a potent renal 
vasoconst  r ictor, constr ic t ing both  
pre-glomerular and post-glomerular 
vessels. This  powerful vasoconstric- 
tion was confirmed in conscious dog  
experiments .  T h e  vasoconstriction 
seems to be  progressive a t  high 
doses, and rnay eventually cause a 
complete cessation of renal blood 
flow. We have also shown that  the 
effects of endothelin in the kidney 
appear  to  be ameliorated by volume 
expansion and accentuated by cyclo- 
ox:ygenase inhibition. These findings 
hirit of a role for endothelin in the 
development of renal failure. 

We h a v e  recent ly  b e g u n  t o  
study whether the kidney makes a n  
"anti-hypertensive" factor, and what 
role this  factor may play in the 
rep,ulation of blood pressure. For the 
las t  t e n  years ,  t h e r e  have  bcen 
reports that the kidney may release 
from its medulla a lipid (medullipin) 
which, under certain circumstances, 
lowers ar ter ia l  pressure. To date ,  
experiments on this substance have 
been limited to  rats, and mostly to  

p o 1 y p e p t i  d e , 

.". . I 

ANP 
CONTROL (400 mllmin) 

(574 nil/niin) 

narrow experiment ii I c i  I-c 11 ni s t a ticcs 
(e.g. following release of rena l  artery 
stenoses). We have begun t o  stud! 
whether this lipid has ;I more general 
role in blood pressure regulation. 
studying two additional \pecks  (dogs 
and rabbits). c'u rre n t ex pc I- i rnc n t s 

are determining the range ol' blood 
pressures over  which !he kidney 
releases a depressor subxtance, and 
its mode  of action. 

Renal vascular effects of 
endothelin in the rabbit 
K.M. Denton, W.P. Anderson 

We have examined the ct'fccts 
of endothelin on the renal \,cssels t o  
determine its site 01  action within 
the kidney, and also cuamined its 
effects on the filtering abilit! o! the 
kidney. To nieasurc thc resistancc 
c h a n g e s  withiri the Lidiie! i n  
response to endothelin int'usion. i t  
w a s  necessar-y t o  u t i l i / e  t h e  
micropuncture facilities of' the k n a l  
Labora tory  . 7' h e s e 1 a c i I i  t i es h ;I v e 
enabled the direct Ine;isuremcnt of 
pressures in  thc glomerulus a n d  in 
renal veins, enabling calculation ot 
pre- and post-glonierular i csistancc. 

O u r  f i n d i n g s  shorn t h a t  
endothelin is a vet-! potent \ awcori- 
strictor substance i r i  the kidtie!. It 
causes a progressivc incrcasc i n  rcn:il 
resistance and adverscly al'fccts renal 
blood flow and glomerular liltration 
rate. T h e  increased renal \ asculai- 
resistance was due to an increase i n  
b o t h  p re  - a n d  p o s t  -g  1 0  m e  rii 1 ;I r 
resistances. Endothclin i \  0 1  impoi-- 
tance since it niaq' well he in\ol \ed 
in the local control o f  blood \c\sel 
t o n e  a n d  could  pia!, ;I role  in 
pa thologica l  condi t ions  t h a t  ;JIK 

associated with ;i rcduction i n  I'low 
to the kidney, i.e. renal failure. 

Regional vascular 
effects of ANP 
R.L. Woods, J.  Smolich 

In a recent  \tud! wc 
d e ni ons  t r a ted an u tie s p ec t e d I? u t 
striking cardiovascular rcsponse t o  
atrial natriuretic peptide (AKP)  in 
conscious dogs. With the autonomic 
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reflex responses blocked, A N P  caused 
marked vasoconstriction and negative 
inotropy, combining t o  reduce cardiac 
outpiit and lower blood pressure. I n  
ordei- t o  determine in which organs the 
\'asoconstrictioii was occurring and 
whether there wer-e blood flow changes 
in  the heart which may be responsible 
for thc reduction in contractility. we 
injected radioactive microspheres into 
conscious dogs to measure total and 
regional blood flow changes after 
inf'usion of A N  P t o  steady-state. We 
found that the greatest c lkcts  of A N P  
occurred when the autonomic nervous 
sqsteni was blocked by the ganglion 
blocking agent, pentolinium, thereby 
prmenting the buflkring activity o f  this 
Yystem. AN 1' reduced blood flow to the 
gastrointestiiial tract by 200 ml min 
and by 180 nil I min in myocardial 
muscle. T h e  et'fects in the  gut were 
evident even when the autonomic 
reflexes were in tac t ,  a n d  were 
consistent with our previous findings of 
f a l l s  in mesenteric flow as  measured by 
induelling I h p p l e r  flownieters. 'l-he 
changes in cardiac blood flow may be 
directly related t o  thc fall in cardiac 
output since, in the intact animals, 
there were neither \ignificant falls in 
cardiac output nor in niyocxdial blood 
flow. 

Intrarenal infusion of en- 
dothelin in conscious dogs 
W.P. Anderson, R .  Heguilen, 
R . L .  Woods, T. Vanderstap 

T h e  physiological  effects  of 
endothe l in  may be  of  par t icu lar  
interest in the kidney because of the 
important role the endothelium plays 

in renal function. To investigate the 
effects of endothelin on the renal 
circuiation and function, endothelin 
has been infused locally into the renal 
a r te ry  of t ra ined conscious grey- 
h o u n d s  (0-20 p M : ' k g / m i n ) .  Pre-  
liminary results show that endothelin 
causes a dose-related renal vaso- 
constriction. which is progressive at  
higher doses. It also reduces GFR 
and filtration fraction, particularly at 
higher doses, indicating a substantial 
effect on pre-g lomerular  vessels. 
Preliminary results also indicate that 
the effects of endothelin on renal 
blood flow a n d  GF-K m a y  be  
a t t e n u a t e d  by fluid loading  t h e  
an imals ,  a n d  a c c e n t u a t e d  when 
prostanoid production is inhibited 
(aspirin or ibuprofen). Thus, endo- 
thelin appears to have potent renal 
effects, which rnay be modulated by 
the volume status of the animal and 
by prostanoids. 

A renal medullary 
depressor substance 
W.P. Anderson, R.L. Woods. 
1. Christy, C.A.  Courneya, 
C.  Thomas, T. Vanderstap, 
J .R .  Oliver 

Ovei. the last decade, there have 
bcen  several  repor t s  t h a t  t h e  
interstitial cells of the renal medulla 
can I-elease at least two substances 
which lower blood pressure. One  of 
these substance:< is platelet activating 
factor, the o t h x  is a n  as yet un- 
identified neutral lipid, designated 
nicdullipin. I'reviously, these substan- 
ces have been s?udied only in the rat. 
We have begun experiments in dogs 
and rabbits to test whether these 
depressor substances are important in 
other species, to determine the factors 
which cause their release from the 
kidney,  a n d  to d e t e r m i n e  t h e i r  
h e m o d y n a m i c  effects. Unlike in  
previous e x p e r i m e n t s ,  we have  
developed methods of  perfusing the 
kidneys of anaesthetized dogs and 
rabbits in situ. Preliminary results 
indicate that the kidneys of both 
species  d o  release a d e p r e s s o r  
substance in rcsponse to increased 
perfusion pressure. 

The  rate a t  which blood pressure 
falls is more rapid in the rabbit than 
in the dog. 

Glomerular ultrafiltration 
in the rabbit 
K.M. Denton, 1. Christy, 
W.P. Anderson 

Using the unique rabbits bit11 
superficial glomeruli i n  our colony, ut' 
have  now es tab l i shed  ii stablc 
preparation to allow direct study ol 
t h e  p r o p e r t i e s  01' t h e  glorneruli. 
Previously most information on thc 
factors control I i ng 11 It r a I 'i I  t ra t ion i n 
the glomerulus has conic from rat 
studies. This  is the l'iist report 0 1  
measure men t s i n r a b b i t g I o me ru I i . 
The rabbit has advantages ovcr the 
rat in that blood samples ciin be 
taken without c i rcii I ator) c ftect s it rid 
m o r e  c o m p l e x  s tudie5 c a n  he  
per formed because  t h e  surgery  
involved (e.g. renal nerve jtudie\. 
intrarenal infusions) are  easier in 
these larger animals. 

Blood pressure i n  rabbi ts  is 
about 70 mmHg and in rats about 115 
mmHg, and the nia-jor di ther ices  i n  
filtration between these species conies 
f r o m  t h i s  fac t .  R a b b i t s  have a 
filtration rate lower than r-ats, whereas 
the glomerular permeability filtration 
coefficients are very similar. One  0 1  
the major consequences of this is that 
filtration is occurring along the entire 
l e n g h  of the gloinerular capillaries i n  
t h e  rabbi t ,  whereas  in  t h c  r a t .  
fi It rat ion eq u i 1 i br i u m occ u rs b c fo re 
t h e  end of  t h e  capi l lar ies .  I t  is 
believed that this situation in thc 
rabbit ~ filtration diseqiiilibriurn 
also occurs in human kidneys. 'l'hus. 
rabbits may be more appropriatc tor 
s t u d y i n g  t h e  factors  cont ro l l ing  
glomerular filtration. 
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D r  Murray Esler was awarded 
the prestigous Wellcome Australia 
Medal and Award for 1989. This  
annual  award is the highest accolade 
given t o  a n  .4ustralian scientist who 
is considered to  have made the most 
outstanding discovery in the field o f  
human health. This  award brings 
we I 1  - d es  e r ve d i n  
A u s t r a l i a  for  Murray ' s  carefu l ,  
thoughtful and novel approach to  his 
field of research which has  attracted 
in te rna t iona l  interest over  m a n y  
years .  Murray ' s  w o r k  b e g a n  by  
developing a technique to  study the 
function of the sympathetic nervous 
system. He used a tracer technique 
to  measure the rate of release of 
transmitter the chemical messenger 
betueen the nerve and the target 
organ. More recently, he has refined 
the method to  learn more about  

re  c o g n it i o n 

Staff Activities 
specific regional release from the  
brain, kidney, intestine and heart. 
N o t  o n l y  has  he d e f i n e d  w h a t  
happens in normal volunteers but  
i m p o r t a n t l y  w h a t  o c c u r s  in  
hypertension. mental illness and liver 
ciri-hosis. These clinical studies have 
taken great courage, conviction and 
p a t i e n c e ,  a p o i n t  s o m e t i m e s  
overlooked by the those who easily 
work with less organised systems 
such  a s  isolated cells o r  t issue.  
Murray's laboratory h a s  recently 
expanded to  cover the refinement of 
metabolite assays under the guidance 
of D r  (iraeme Eisenhofer, Helen 
C o x  and Gavin Lambert. 

T h e  a n n o u n c e m e n t  a n d  
prrsentation o f  the Wellcome award 
was made at a formal dinner a t  the 
G r e a t  Hal l ,  Nat ional  Gal le ry  of  
Victor ia  on 12 O c t o b e r .  l . h e  

presentation to  Murray was made by 
Professor Antony Hasten. Director 
of the Centenary Institute o f  Cancer  
Medicine and Cell Biology, in the 
p r e s e n c e  of  300 gues ts .  I n  his  
address, Professor Hastcn acknow- 
ledged the support by thc Wcllconie 
Trust world wide o f  50 niillion and 
by Wellcome Australia in supporting 
medical research through this medal. 
Wellcome Senior Research l-t.llow- 
ships and research agrcements with 
universities and  the ('SI K O .  T h e  
M a n a g i n g  Direc tor ,  Mr Kcn 
Koberts ,  s p o k e  0 1  the dchirc 01 '  
Henry Wellcome t o  suppor t  "thc 
pursuit of excellence" it:  mcdical 
research where the fund\  ar is ing 
from pharmaceutical s$le\  uould bc 
r e t u r n e d  t o  suppoi - t  r c \ c a r c h .  
Previous winners oi' the Wellcome 
Australia Medal arc Proi'. Hastcn. 
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P r o f .  J o h n  C h a l m e r s ,  P r o f .  l a n  
McCloskey, Prof. l an  Gust, Prof. 
I x n  Harrison, I>r G.  Mitchell and 
Prof.. J o h n  Funder. 

M urray’s acceptance speech was 
a magni f icent  e x a m p l e  of  t h i s  
humble scientist paying tribute to his 
parents a s  they educated him in 
Geelong; to his PhD training with 
P r o f .  Nestel a t  t h e  Aus t ra l ian  
National University; to  his overseas 
experience with I)r. Stcvo .lulius in 
Michigan;  t o  P a u l  K o r n e r  w h o  
encouraged Murray t o  accept n o  
lesser rigor and excellence in clinical 
research t h a n  he would in basic 
science; to  (iarry Jennings. his close 
collaborator over the last ten years, 
arid finally to his wife, Rosemary, 
who “is the wind beneath my wings”. 

111- Esler was an invited speaker 
at ;I symposium on “Psychosocial 
1 n fl u e n cc s c‘ a rd io v a sc u I a I- 
Function’’ a t  t h e  I n t e r n a t i o n a l  
Congress of Physiological Sciences in 
Helsinki. i n  July 1989, presenting a 
paper entitled, “Thc pathophysiology 
linking psychosocial stress to  human 
cardiovascular disease”. During this 
visit t o  S c a n d i n a v i a .  he  also 
presented  a n  inv i ted  paper ,  
“ I  .ocalised rclcase o f  noradrenaline 
i n  I iunians ;I\ cv idence  o f  
s y n i pat het ic d i 1‘1 c 1-e n t i it t ion” at  the 
satellite mccting of’ the C’ongress i n  
( i o t  hcnburg, “Sympathetic Control 
01’ (’ardiovasculai- Function”. D r  
Eslei- a t t e n d e d  b!, invi ta t ion the 
i n t c I I 1 a t  io n a I nice t i ng o n  “ M e nt ii I 
Stress as  ;i ‘li-iggei- ol’ Cardiovascular 
Everits” in Italy in October 1989. 
deli\.cring the paper “Biochemical 
F.\ idence o f  Sympathetic Hyperactiv- 
i t )  i n  Human Hypertension”. He was 
a n  invi ted gues t  a t  t h e  Wor ld  
C’ongress of C‘ardiology in Manilla, 
I I ?  k b r u a r y  1990. presenting the 
paper ”Neurohumor-a1 Changes in 
Congestive Heart Failure”. He was 
a n  invi ted par t ic ipant  a t  t h e  
A me r i c a  n H e ii r t Assoc ia t ion  
worhshop “Prevention Conference 
Hypertension” in Washington D.C. 
in April 1990. 1)r Eslcr w;is one of 
a pancl of speakers selected by the 
I n t e r n a t io n al Socie ty  o f H y p e r - 
tension t o  par t ic ipa te  in  an 
educational tour of medical centres 
of Malaysia arid 1 hailand in May 

0 n 

1990, s p e a k i n g  o n  high b lood  
pi-essure treatment and research. He 
will present the State  of the Art 
Le c t u r e. ‘ ‘ Keg ion a I S y m p a t h e t i c  
Act  i v i t y i n H y p e r  t e ns  ion”, by 
invitation, a t  t h e  meeting of t h e  
I n t e r n a t i o n  a I Soc ie ty  of H y p e r- 
tension in Montreal in June  1990. Dr 
Esler is also #it founding editor of 
Clinical Autonomic Kesearch and on 
the editorial board of Hypertension. 
He is a member of the Medical 
Kesearch Ethics Committee of the 
N H M K C ,  a n d  o n  t h e  Scient i f ic  
Advisory  Bo;ird of  t h e  M e n t a l  
Health Kesearch Institute of’ Victoria. 

Dr. .lames Angus visited Glaxo. 
Ware ,  E.ngland in M a y  1989 t o  
present the first annual report of our 
activities to t h e  Glaxo  scientists 
under  ttie Gl;ixo Australia-Baker 
Institute agreement. As a result of  
t h i s  vis i t ,  t h e  budget  w a s  
substantially increased t o  cover new 
initiatives. In December, Dr. Angus 
gave an invited lecture on “The role 
o f  presynaptic :!-adrenoceptors in the 
circulation” at ii New York Academy 
of’ Science niccting i n  I’hiladelphia 
before  vis i t ing G l a x o  Inc .  a t  
Research  Tr iangle  P a r k .  In t h e  
future, the Baker-Glaxo agreement 
will be primal-ily linked with the 
cardiovascular group in Glaxo, USA. 
1)r. .4ngus serves on the editorial 
boards of the Journa l  of Hyper- 
tension and Journal  o f  Cardiovas- 
cular Pharniacchgy. He is a member 
o f  the N H M RlC Grants Committee 
a n d  sc rked  a s  c h a i r m a n  of t h e  
West tm Region RGIC i n  July. He 
was a member of the assigners panel 
o f  ths  N H M K C  for I’harmacology. 

I l r .  Iom C o c k s  presented a 
p a p e r  o n  e n d o t h e l i n  t o  t h e  1 s t  
I n t e r n a t i o n a l  S y m p o s i u m  on  
e n d o I h e I i u m- d c r i ve d va so  a c  t i vc 
tactors in Philxielphia in May. He 
also visited Ur. Noc l  Cusack  a t  
N e I s ( I n L a b  or a t  o r ie s , 
Irvine, California. 

111. Grant  McPhei-son presented 
papers on K channel agonists and 
a n t a g o n i s t s  a t  t h e  Vasodi la tor  
Mechanisms meeting in Strasbourg, 
and at  the lntcrnational Physiologq 
Congi-css in  Hclsinki. He also gave 
lectures  a t  ICI-Macclesfield a n d  
IJ n ive rsi  t y of  M a n e  hes  t er. 

Kc s e a rc  h 

Pharmacology L)epartment. l i e  gakc 
a n  inv i ted  presenta t ion  in t h e  
Symposium on Young I’harmacolo- 
gists on  “Techniques i n  \ a s c u l a r  
pharmacology” at ASCF 1’. Sydnel, 
in  December. 

D r  Alex Bobik presented uorh 
a t  t h e  E u r o p e a n  H y p e r t e n s i o n  
meeting in Milan and the Physiolog\, 
Congress in Helsinki. He also gave 
seminars on inembrarie ion transport 
processes in vascular smooth muscle 
and the mechanisms irnolvcd in the 
d e v e l o p m e n t  of cardio\ i isct i l i i r  
hypertrophy in genetic hypertension 
at  the Cardiology Ccnter-, M o s c o ~ ,  
the Physiology 1)epar tmcnt  a t  
Moscow State  LJniverhity arid the 
A . A .  B o g o m e l t r  I n \ t i t u t e  of 
Physiology, Kiev, LI.S.S.II. I)r 13obik 
also gave seminars at  the Hiochen- 
istry Department ,  Camhr-idgc and 
t h e  M K C  Blood Pressure  ( ! n i t .  
Glasgow. He continues to  scrc‘e on 
the editorial board o f  tlic .lournal oi 
Cardiovascular I’harmacolog>. 

I l r  Peter Little prcscntcd work  
on sodium transport processcs at the 
Physiology Congress in Helsinki and 
at a symposium on intracclltilar pH 
reg u lat ion in Aar h us. I k  n m a r h . 

t)r Fidge  a t t c n d c d  the 
American Heart Association nieeting 
at  New Or-lcans in Novcmber, 1980 
and presented ;i paper with . l o ! i n  
Morr ison on the bind ing domain o I 
a p o A I  recognised  by ttie H I 1 1  
receptor. He was a lso  a me:nbcr oI 
the National Heart Foundation (ir;i!it 
Keview Cornmit tcc  (Sydney)  anc! 
gave seminars on H Ill.  metabolism 
to the CSI<, Silenius (’c)iiipan>, irnti 

D e p a r t  m e  n t c) f H ioc lie m i s t 1-h . 
Monash [Jnivcrsitl. 

Dr. .lulie H. Campbcll \i\itcd 
the Soviet Union i n  May .lunt. I9hC). 
a5 par t  o f  t h c  S o ~ i e t - A u ~ t i a l i a n  
scientific exchange progr-animc. Shc 
also was a n  invited speaker at tiir 
S e c o n d  S a r a  toga  Con Ic 1-c n c c o II 

P rogress ion  a n d K eg r c 5 \ ion of 
Atherosclerosis i n  l ) u  ada. .I a p n .  
October 1989. She continues to s c~nc  
on t h e  ed i tor ia l  b o a r d  ,) I ’  t h c  
American Heart Association journal 
A I’ t er i osclerosi s. -1 oge t he I- wit h 1 I-. 

Gordon Campbell ( I k p a r t m e n t  ol 
Anatomy. University of Melbournc). 
she obtained a grant of $2X5.000 
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over two years for studies on newly 
dweloped calcium channel blockers 
f rom Servier Laboratories (Par i s ,  
Fra rice). 

Ms. Robyn Rennick submitted 
her Ph.1). thesis entitled, “Smooth 
muscle cell- macrophage interactions 
i n  atherogenesis” in September 1989. 
She was awarded a British Heart 
Fou ndat ion Pos t d oc t ora 1 Fe1 lows h i p 
( 2  years) and an Australian Heart 
Foundat ion Travel G r a n t .  S h e  is 
c u r r e n t l y  in t h e  1)epar tment  of 
A n a t o m y D eve1 o p m e  n t a I 
Biology, University College, Ixmdon. 
Ms. M.  Jane  Hlack submitted her 
Ph.D. thesis entitled, “Polyploidy of 
\ , a \ c u l a r  s m o o t h  muscle  in 
hypertension” in Decembcr  1989. 
S h e  is c u r r e n t l y  t h e  recipient .  
together with Dr. .lulie Campbell, of 
a Nat iona l  H e a r t  F o u n d a t i o n  
Research Grant. Mr. Ang Aik Hooi 
also submitted his Ph .D.  thesis in 
December  1989. T h e  title of’ his 
project was “Collagen expression by 
smooth muscle cells alteration with 
phenotype”. Ms.  Sophie  Horrigan 
won the Australian and New Zealand 
Socie ty  for  Cell Biology Young 
Investigator Award for 1989, and also 
won the Australian and New Zealand 
Society for Experimental Pathology 
Young Investigator Award for 1989. 

Dr. Warwick Anderson was a n  
invited speaker at a symposium on 
“lntrarenal  actions o f  angiotensin 
11”. a satellite symposium of the 
mcet ing  of  t h e  I n t e r n a t i o n a l  
Physiology Congress. T h e  meeting 
w a s  held in  B u d a p e s t  a n d  Dr. 
Anderson’s title was “Angiotensin 11 
and the maintenance of G F R  and 
renal blood flow during renal artery 
narrowing”. 

During 1989 Dr. Anderson was 
appointed to the Editorial Board of 
the .journal, Hypertension, and re- 
appointed as  an Executive Editor of 
the journal. He continued to serve 
as  the Programme Secretary of the 
High  Blood P r e s s u r e  Research  
Counci l  of Aus t ra l ia ,  a n d  a s  a 
member of the Medical Research 
Committee, and Medical Research 
Ethics Committee, N H M R C .  

Ilr. Anderson continued many 
activities in the area of the welfare 
of e x p e r i m e n t a l  a n i m a l s .  He 

a n d  
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continues as  the Chairman of the 
Nat iona l  Heal th  a n d  M e d i c a l  
Research Council’s Animal Experi- 
mcntation Ethics Committee, and a 
member of the Australian Council 
for the Care of Animals in Research 
and Teaching. During 1989, he was 
appointed to  the inaugural National 
(’(-ins u I t a t  i vt: C ou  nc i 1 on A n  i In a I 
Welfare ,  advis ing  t h e  Federa l  
Minister for Primary Industries and 
Energy. He ‘was the invited speaker 
a t  t h e  a n n u a l  meet ing  of  t h e  
Victorian Division of the Australian 
Veterinary Association, speaking on 
“Veterinarians on animal experimen- 
tation ethics committees: a scientist’s 
expectations’: He is scientific advisor 
to t h e  Victor ian Government ’s  
A n i m a l  Welfare Advisory  
C o m  mi t tee. 

I lr .  R.1,. Woods attended the 
Physiology Congress in Helsinki. and 
a satellite meet ing “Sympathe t ic  
control of cardiovascular systems”. 
G o t h e n b u r g ,  Sweden.  S h e  a l so  
attended the Radiation Protection 
Course at  Lucas Heights. NSW in 
February 1989. 

D r .  Ellizabeth W o o d c o c k  
a t t e n d e d  t h e  7 th  I n t e r n a t i o n a l  
Conference on Cyclic Nucleotides, 
Calcium a n d  Protein Phosphory-  
lation in Kobe (Japan)  in October. 
S h e  presented  a p a p e r  en t i t l ed  
‘‘ Differen t  in  os i to1 p h o s p h a t e  
responses  t o  angio tens in  11 a n d  
vasopress in  in r a t  a d r e n a l  
glomerulosa cells” which was selected 
for  inclusion in t h e  v o l u m e  
“A.dvances in Second Messenger  
Research”. Dr. Woodcock and Ms. 
I v a n a  K u r a j a  a l so  a t t e n d e d  t h e  
nicet ing of  t h e  Aus t ra l ian  High 
Blood Pressure Research Council 
held in Melbourne in December. 

Dr Philip Barter was a n  invited 
s p 1: a ke r at a n  1 n t e r n a t ion a 1 
Symposium on Lipoprotein Meta- 
bolism held in T h e  Hague in T h e  
Netherlands in February 1989. In 
March, 1989, he presented a n  invited 
p a p e r  a t  t h e  5 t h  I n t e r n a t i o n a l  
C o I lo q u i u m At  h e r o  sc  le r os i s 
Research held in Brussels, Belgium. 
D r  Barter continued a s  a member 
of  t h e  Nat iona l  B o a r d  of  t h e  
Nat iona l  H e a r t  F o u n d a t i o n  of  
Australia and as  Chairman of its 

o n  

Nat iona l  Medica l  a n d  Scientific 
A d v i s o r y  C o n i m i t t c c .  He a l s o  
remained a member of’ the Board of 
Governors o f  the H e a r t  Research 
Ins t i tu te  in S y d n c ) .  He \+;IS 

appointed to the editorial board 01’ 
the journal, Atherosclcro\is. 

I l r  Frank lioscnlc~ldt w;is a n  
invited speaker at t h e  hii -Pacif ic  
S y m p o s i  u ni o r g a n  i s c d I h c 
Australian Federation lor Medical 
and Biological Fngineei-ing on the 
subject o f  lasers i n  clinical practice 
in July 1989. I)r  Kosenleldt &;I\  

c h a i r m a n  of  t h e  or-,g;anising 
committee for the Annual Meeting 
o f  the International Socicth tor Heart 
Research, Australasiati Section. held 
in Melbourne in  Apr.il I990. I > r  
Rosenfeldt teaches I’inal y a r  medical 
students a t  the Alfrcd Hospital and 
lectures to the post-grxiua:e nurzing 
c o u r s e  a t  Alfrcd H o s p i t a l .  I>[- 
Rosenfeldt was one 01 ;I teain I’rom 
the Alfred Hospital u h o  attended ;I 

training course in thc use ol the 
Thoratec Heart Assist I>e\.ice. held 
in Berkeley, California i n  Scptembet- 
1989. He a l s o  visited C’cdars Sinai 
Hospital in 1,os Angelcs t o  learn 
about laser treatment 01’ coronary 
disease. 

M s  S u s a n  l . i i l ’ l ’  Lisited t h e  
l a b o r a t o r i e s  of’ Professor  ( i .  
Bu r nstoc k . D e  pa I- t me 11 t o I’ An atom 5 
at  University College I.oncion. llnitcd 
Kingdom. She a l s o  spcnt \aim timc 
at  the M R C ,  Anatomical Neuro -  
p h a r m a c o l o g y  1 I n i t  a n d  t 11 e 
D e p a r t  men t of I’h ;I r n i  aco log y a t  
O x f o r d  Universi ty  where  she 
presented a seminar. M s  I.uff was 
also invited t o  present ;I lecture on 
“Innervation of Blood Vessels” in a 
sy m p o s  iu m A 11 s t r a I i a n 
Neuroscience Society Meet ing in 
February, 1989. 

D r  Geoff Head attended the 
F o u r t h  E u r o p e a n  M e e t i n g  on  
H y p e r t e n s i o n  i n  M i l a n  a n d  ;I 

s u b s e q u e n t  satel l i te  meet ing  on  
“Cardiovascular structural changes in 
hypertension”. He spent the period 
in Ju ly  ~ August  a t  the  Necker 
Hospital in Paris on ;I return visit 
to Dr. Jean-Luc ElghoIi and also 
attended the Physiology Congress in 
Helsinki. 

Dr. Carol-Ann Courneya was 

b > 

a t  t h e  
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a w a r d e d  a n  E d w a r d  Wilson 
Memorial Fellowship by the Alfred 
Hospi ta l  t o  work  a t  t h e  B a k e r  
Institute during 1990 to study the 
central mechanisms of action of - 
mcthyldopa. She also  attended the 
IUPS meeting in Helsinki. 

Professor  K o r n e r  g a v e  a n  
Invi ted  L e c t u r e  a t  t h e  Hels inki  
International Physiology Congress in 
J u l y  1989; t h e  t o p i c  w a s  
‘ B a r o r e c e p t o r b a r  o r e 1‘1 e x 
resetting in circulatory control”. ,He 
was a n  Invited Lecturer a t  a satellite 
conference  in Rostock in  Eas t  
G e r m a n y ,  which he  he lped  t o  
o r g a n i s e  o n  behalf  of  t h e  
Cardiovascular Commission of the 
International Union of Physiological 
Sc iences ,  t o  p r o m o t e  Eas t -West  
scientific dialogue. Interestingly, he 
reported that a t  that time, there was 
n o  ev idence  of t h e  s u b s e q u e n t  
political changes t h s t  have since 
swept Eastern Europe. In February 
1990, he  a t t e n d e d  a meet ing  in  
D u n e d i n  o n  ‘ F u t u r e  T r e n d s  in 
H y p e r t e n s i o n  Research”.  In  

a n d 

December ,  he was  re-elected a s  
P r e s i d e n t  of  t h e  B o a r d  of  
Management  of the Alfred G r o u p  
of Hospitals. Hle currently serves on  
a Victorian Government  Commit tee  
t o  review research funding in the 
state. 

Dr.  Garr ,y  J e n n i n g s  w a s  a n  
i n v i t e d  s p e a k e r  a t  t h e  P u i j o  
S y m p o s i u m ,  o n  E x e r c i s e  a n d  
Hyper tens ion  ( F i n l a n d ) ,  a n d  t h e  
Wor ld  Cong, ress  o n  C a r d i a c  
Rehabilitation, and was the “State- 
o f - t h e - A r t ”  l e c t u r e r  a t  a n  
I n t e r n a t i o n a l  S y m p o s i u m  o n  
F u n c t i o n a l  C a p a c i t y  i n  H e a r t  
Failure. 

Long serving member of the  
Biology R e s e a r c h  Uni t  ( A n i m a l  
House)  s taff ,  Mr.  Ted Turnbul l ,  
retired in 1980, after two decades 
of o u t s t a n d i n g  s e r v i c e  t o  t h e  
I n s t i t u t e .  A m a n  of g r e a t  
compassion, he brought much skill 
and wisdom t o  his work with our  
a n i m a l s ,  ancl w a s a  s o u r c e  of 
strength t o  many a younger staff 
member in tirnes of difficulties in 

their private lives. For the lajt ycal- 
of his time a t  the Institute. he was 
act ing Supervisor  of the lliolog! 
Research [Jnit. 

M r s .  N e r i d a  A l d r e d  \ \ ; I >  

appointed a s  Vetcrinar! Nurse-in- 
C h a r g e  o f  t h e  o p e r a t i n g  i-ooni\ 
during 1989, and h a s  brought to thc 
position much skill and  cxpcricncc 

T h e  Ncw S u p c r - \ i \ o r  oI thc  
Biology R e s e a r c h  IIni t  i h  M i \ \  
Debbie  Ramscy .  I k b b i c  holds ;I  

Certificate o f  Animal ‘lwhnolog!. 
and previously worked i n  thc  fienul 
Laboratory of the Institute. S h c  i \  
a m e m b e r  of t h e  Vic tor ian  
Executive of the Australian Animal  
Technician’s  A ssoc i ;I t io 11. ‘ I  hc  
p o s i t i o n  is v e r y  i m p o r t a n t  it: 

providing the highest s tandard 0 1  
care to  our  animals. and there arc 
m a n y  respons ib i l i t i es  u n d e r  t h c  
r e c e n t  1 y a d o p t e d  V ic t o  1- i 21 11 

legislation and  updated (‘ode 01’ 
Practice for the Carc  a n d  llse ol 
Animals for Scientil‘ic Purposes. 
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The Baker Oration* 
7th November, 1988 

There is a (;reel\ \a>ing that ;I cloclor 
h a s  o p p o r t u n i t i c \  for s iudy ing  
hu inan  nature which :ii-c pi i  cii t o  no 
one else, wherelorc ;I philosophei- 
ought to  begin his life ;I\  ;I d o c ~ o r .  
and ;I doctor should cnd hi\ lite b\, 
becoming a philo\ophci. ! a m  going 
to speak, t o  s o m e  c \ t c n (  phi lo \ophi -  
call\.. a round  the topic ot conb!i aint 
on medical rcsoiirccx. f l a \  i r i g  in 
mind t h e  adage t h a t  IIio\c n,Iio do 
n o t  r c m c n i b e r  i h c  p ; i \ ~  'ire 
condemned t o  rc-li\c i t .  lc't rnc X I ~ I - I  

by telling the storh.  
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patient this course of action was 
decided upon. 
Within days a kidney was obtained 
f r o m  a c a d a v e r  a t  t h e  Alf red  
Hospi ta l .  I t  was d r i v e n  a c r o s s  
Melbourne  and  Pro fesso r  Ewing 
transplanted it in the patient's thigh, 
which was a site tried in those early 
days. In spite o f  perfect surgical 
t e c h n i q u e  t h e  k idney  fai led t o  
function and the patient died. This  
was o f  course before the  e r a  of 
effective immunosuppressive drugs. 
In the next few years, renal dialysis 
lbr patients like this one, with acute 
renal failure, was developed by Dr. 
Malcolm Whyte a t  the Kanamatsu 
Institute in Sydney and we flew some 
patients there  tor this lile-saving 
treatment. 'I'hen dialysis was set up 
in Melbourne, largely through the 
initiative 0 1 '  I'riscilla Kincaid-Smith 
f r o m  thc University Department o f  
Medicine and Vet-non Marshall from 
t h e  Universi ty  D e p a r t m e n t  o f  
Surgery. both working initially at the 
A I fre d ,  
A decade later, the first cfiectiLe 
i m m u  n o s  u p p ress i\ e d rug, a/  o t h ia- 
prine. becarnc iivailablc and Priscilla 
K i ncai d -S m i t h ;I nd Ve I- no 11 M ars ha1 I 
s t ;ir t  ed s ys t em a t  i c d l  y to pioneer ;I 

cadavct- transplant programrnc t i ~ r  
p a t  ie n t s I-e na 1 
t iii I ii re, A 11 i tic I-ea \ing n iini bet ot' 
pat ic r i  t s who w t . ~ ~  Id ()the rw i se h avc 
died were ~ o i i  l i b  ing full and active 
lives. 
At :I party i r i  1987 at the I<oyal 
M el bou  r ne Hospital , I30  patients 
with transplants gather-cd to celebrate 
the  2 l h t  anniver-sar!, of the  f i r h t  

s 11 r \ i v ors  o I re  n ;I I t r a tih pl a n t  at i on. 
-1 he M i n i s t e r  tor C o m m u n i t y  
S c r c i c e s  a n d  Health. 1)r. N c a l  
Hlewett. g ree ted  t h e m  a n d  paid 
tribute t o  the success o f  the program 
not only in hunian terms but also 
in economic terms. 
What comments cat1 one make on 
ethics .  t h e  l a w ,  a n d  resour-ce 
cons  t ra in  t tr  orn t h i s e x p e  r ie rice? 
What issues arose? 

ISSlIES 
I .  Dec is ion-making with novel  
therapy 
Maur ice  E u i n g  a n d  1 a c c e p t e d  
responsibility for the decisions that 
had to be m a d e  aboiit t h e  first 

w i t  h i r r e  v e  r-si b Ic 

transplanted patient. There was of 
coursc discussion, in my team and 
in the surgical team, and in parts 
of the hospital's administration, and 
after the patient died 1 remember 
presenting the case at  one of the 
regular meetings that used to take 
place t o  revicw d e a t h s  in  t h e  
hospital. That  was the way things 
were done in those days. In 1956 
there were n o  such things a s  insti- 
tutional ethics committees. 
'The novel aspelit of the case bears 
interestingly on a question that  is 
p resent ly  bef8:)re t h e  M e d i c a l  
Kesearch  Eth ics  C o m m i t t e e  of  
N H M KC': what process is desirable 
before a novel therapy is tried or 
before there is a novel use of a n  
existing therapy'? 

2. Law at the advancing front of 
medicine 
At various timt:s in the early part 
of this story mention may have been 
made of the law. but in the original 
case the only rrcollection I have o f  
the law being mentioned was in ;I 

discussion on  f ihether  the  police 
should be ashecl t o  assist the rapid 
transport of the donor's kidney from 
the Alfred Hospital to the Royal 
Melbourne Hoipit:rl. O n e  of the  
arguments against was t h e  danger of 
in l l  i et i ng me d i ;.r p 11 bl ici t y on the 
patient and relatives. 
1 he law did 0 1  course come in in 
a \cry spt:cific 'hay later on, as  the 
t ra n s plant Li t ion program developed . 
b e c a u x  ( 1 1 '  the  desire l'or a legal 
detinition o f  death that was relevant 
to obtaining kidneys from cadavers. 
With r e g x d  to transplantation 01. 
kidneys, the iiew statutes came after 
the medical rescarch and t h e  intro- 
duction 01. the new therapy, and thus 
of course a l ter  we had lived through 
the awkward period when it was not 
possible to  say whether what was 
b e i n g  d o n e  was research  or 
treatment. 
I.aw generally has to  follow advances 
in medicine. I t  cannot  lead because 
lawyers, like thr: rest of us, cannot  
read crystal balls. Until research is 
done it is hard to  define precisely 
the matters on which you may want 
to legislate, or indzed whether it is 
wise t o  introduce new legislation. 
If  you legislate prematurely, you are  

liable to  get things wrong and even 
find yourself confused about  what 
you think you have said. In  relation 
to IVF in Victoria we have had the 
singular spectacle of ii law being 
p a s s e d  by P a r l i a m e n t  and t h e  
Attorney General then having to a\k 
the Solicitor General what it incant. 
This  hardly inspires confidence in 
the use of the law a s  a meail5 of 
r e g u l a t i n g  t h e  g r o w i n g  e d g e  01 
biomedical research. 
There are  plenty of niorc flexible 
ways than new legislation Mith dlicli  
to cope with many of the problem\ 
posed by medical research. Thih is 
not to  say that there is no place lor- 
new laws. For  example laws under- 
pinning the  franicworh on which 
regulation is based may well ha\r  
a place. I t  is over the detail\ (11 

regula t ion  t h a t  t h e  leg i \ la l i \c  
a p p ro a c  h h as _i ii s t i t 'i a b !) at 1 r ~ i c  t c d 
criticism. 

3. Doctors, patient5 and c o s h  of 
resources 
In the  1960's. the  pionecrine ol  

treat me n t h y d i ;i 1 \. \ i \ to I- pa I i c 11 t \ 

with acute a n t i  possibl) t.c\cikihic 
r e n a l  f a i l u r e  led to t i i \ cu \ \ io i i \  
between doctors and ad mi II i \ t  [.;ifor< 
about cost. How could c o \ t \  ( I !  l l \  In? 

our patients to Sydney be con1;iinctf 
and condoned? H o u  hhoiild ;!i:ilh\i\ 
apparatus  be paid tor? U h e n  tlic 
I i nivcrsity 1)epart mcnt o! Ucii iiinc 
invested rcsear-eh fund\ 11-1 :I hiidl!" 
n e e d c d  a n d  great / \  i n i p i - o \ c d  
d i :i 1 y s i  s m a c  h i ne. \v hc I-c c o u  It! 
rewiirces tor technicians a n d  iiiii-sc\ 

be found t o  use it? 
That  experience bl-oughr hoiiic I ( ' ,  

me the reality of the diflcrcncc-, thCi t  

exist between t k o  roles tllat doctor's. 
and I would say nurses a l w .  must 
accept in society. O n e  is i t )  ciire 1c:r 
indi\,idual patients. T h e  ot h e r  i j  t t a  

help (iovernments to  decidc o n  thc 
priority and distribution 01 Iticdica! 
resources. T h e  two role:, \Iioiild n o t  
be confused. 

4. Control over re,earch 
1 he development  of Mcibournc's 
early a n d  reniarkablL ~ U L L ~ \ ~ , I ~ , I  
re ndl t r a n \  plan t a t i o n  p I ogi II I inc  
resulted from the  coiricidtncc OI 

b k i l l \  and interest\ in r e n d  disease 
among members of two IJni\ersit i  
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departments. This  could not have 
been foreseen. There is a lesson here: 
that the mechanism for controlling 
medical resources must not be too 
r ig id .  T i d y - m i n d e d  p l a n n i n g  is 
i m p o r t a n t ,  b u t  there  must  b e  a 
capacity in medicine to  seize the 
main chance when the right people 
are suddenly in the right place at 
the right time with the right idea. 
If there had been rigidity in planning 
in the 1960's we should not have had 
the capability that we soon developed 
for economic and effective treatment 
of irreversible renal failure. 
1 have mentioned coincidence as  a 
noteworthy item. Let us consider a 
related factor that bears, in my story, 
on haemodialysis and the develop- 
ment of immunosuppressive drugs. 
In Australia major advances in high 
technology m e d i c i n e  a r e  m o s t l y  
made outside the country. For this 
1-eason alone, any attempt to control 
the directions of medical treatment 
by c e n t r a l  c o n t r o l  of research  
direct ions would b e  fruitless. In 
contrast with the law, medicine is not 
parochial. I t  is not state-based or  
even nationally based. It is based 
globally and responds to happenings 
across all national borders. 
At a time when there are murmurings 
about increasing central control of 
research, we should also remember 
another lesson that history teaches 
us. Research initiated for one reason 
often has unforeseen consequences. 
We had cortisone for clinical use in 
1948 because, during World War 2, 
f u n d s  were p o u r e d  i n t o  a d r e n a l  
steroid research for military reasons. 
7 h e  Uni ted  S t a t e s  G o v e r n m e n t  
believed, wrongly, tha t  Luftwaffe 
pilots were receiving steroids that  
enabled them to fly phenomenally 
high and see in the dark. 
F u r t h e r m o r e ,  c e n t r a l  cont ro l le rs  
don't always get things right, and if 
they get them wrong the consequen- 
ces can be very bad. T h e  British 
M e d i c a l  R e s e a r c h  C o u n c i l  g o t  
penici l l in  w r o n g  in 1939. T h e y  
rewarded Florey's plea for help with 
a grant of twenty five pounds. T h e  
Rockefeller Foundation got it right. 
When he asked for sixteen hundred 
pounds, they gave it to  him not once- 
off but for five years. 

5. Who shall live, who shall die, 
arid who shall decide? 
When the transplantation program- 
me for pat ients  with irreversible 
renal failure got underway it was not 
long before the number of patients 
suitable for transplantation outnum- 
bered those that  could be coped 
with. T h e  limiting factor was the 
n u m b e r  cif d ia lys i s  m a c h i n e s  
a m  i la ble t o  p r o v  id e the essential 
b a c k u p ,  a n d  provis ion  of  t h e  
technical and nursing staff that  is 
a s s o c i a t e d  wi th  d ia lys i s .  S t a r k  
decisions had to  be made: which 
patients should be offered a chance 
tom live and which ones should die? 
1 can recall n o  formal discussions in 
t h e  h o s p i t a l  a b o u t  h o w  t h e s e  
decisions should be made. T h e  renal 
physicians and transplant surgeons 
accepted the decision-making a s  a 
responsibility that has  traditionally 
been a part of a doctor's life. T h e  
sorting of multiple casualties in any 
disaster brings it home to one. 
What  happened  with the  kidney 
transplants at the Royal Melbourne 
Hospital w a s  tha t  the  specialists 
concerned arranged a regular review 
of all possible patient candidates. In 
addition to  the renal team, which 
included members of nursing staff, 
at every review the physician under 
whose charge each patient had been 
admitted, or his or her deputy, was 
invited to be present. and I ,  a s  one 
detached from the dayyto-day trans- 
plantation problems but aware of 
what was going on, was asked to 
chair the meetings. T h e  physicians 
putting patients up  for consideration. 
who were mostly not renal special- 
ists, usually asked their registrars to  
attend in their place. T h e  relevant 
intern often came along its well and 
SCI each patient's case was presented 
by d o c t o r s  to ta l ly  fami l ia r  with 
t h e m .  S o m e h o w ,  m e e t i n g  a f t e r  
meeting, a consensus was reached 
and patients were classified a s  those 
who might be offered a transplant, 
those not  to be offered one and 
those in whom a decision should be 
deferred. 
At one time 1 became concerned 
t h a t ,  w i t h  t h i s  a p p r o a c h ,  t h e  
members of the hospital's Board of 
Management, in whose hands the 

provision of facilities lay. were being 
insulated from the reality of the need 
for more resources. So I asked that 
a lay board member should attcnd 
these sessions. T h e  response was to  
the effect that  the job we were doing 
was a medical professional one. that 
the Board had confidence in the way 
in which we were doing i t  and that 
there was n o  casc lor adding ii lay 
person to  the group. 
Reflecting on this cxpericncc twenty 
years later, was what we did right? 
T h e  initiation of something as novel 
a s  a renal transplant programme 
was in the 1960's. would n o ~ a d a p  
undoubtedly come bel0i-e the ethics 
committee concerned uith research 
in  t h e  h o s p i t a l .  I f '  a n  e th ics  
committee had existed at the time. 
could it have adbocated ;i better 
p r o c e d u r e  for  d e a l i n g  u i t h  t h e  
problem of patient selection? 
I have been a strong pi-oponent o f  
the development o f  \ubstantial par-- 
t i c ipa t ion  01' lay people  in t h e  
reg u I a t  o r y s y s t e m U 11 i c h g o  \ e r n s 
ethical aspects o f  medical research. 
While I believe ethics committees ar-e 
essential for preparing guidelines. for 
approving ethical aspects of' medical 
research p roj ec t s. ;i nd ior i n  o n  i t o I- i n g 
projects, I have deep 1-cscrvations 
about such committees intcrvening 
at the individual patient level in the 
h o u r-t 0-  h o u r  d a! - t o -  d ay 
practice of medicine. I believe what 
was being recogni/cd waq back in 
t h e  1960's w a s  t h a t  in medica l  
practice a paramount \ d u e  is the 
trust between doctor and patient, ii 

t rus t  w h i c h ,  if i m p a i r e d ,  could  
u n d e r m i n e  t h e  b a s i \  o n  which  
doctors and patients relate to each 
o t h e r ,  t h e  very  bas i s  o n  which  
medicine is practised. Hy all means 
let individuals professing expertise in 
ethics, or ethics committees, stand 
ready to  join in professional consul- 
tations should patients or  doctors 
wish them to. But let us remember 
that when committees. 01-  worse still 
courts of law, intrude into the sick 
room, the trust between patient and 
doctor is eroded and the sick person 
is in danger of being treated not a s  
a patient but a s  a n  interesting moral 
or  legal case. T h e  patient could end 
u p  with n o  doctor whom they could 
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trust to accept unqualified responsi- 
bility for trying to cure them, or 
relieve them, and always to comfort 
them. 

MACRO ETHICS 
k ~ t  me return to the role of the 
doctor in helping Governments to 
decide on the priority and distribu- 
tion of medical resources. We don't 
seem always to be very good at it,  
and perhaps the time has come to 
build some new bridges, for i f  
doctors and  adminis t ra tors  and  
eco n om i s t s can t oget her identify 
wastcful or ineffective components in 
the health services, constraints may 
t u r n  out to be much less problem- 
atical. All that might be done might 
be able to be done. 
I t  would, incidentally, be wrong to 
assume for a start  that  medical 
techniques which individually have 
high costs should by definition be 
targets for cons t ra in t .  T h e  real 
potential for savings is likely to be 
in lower cost and frequently used 
measures (Moloney  and  Roger, 
1979), and, in the longer term, and 
perhaps most importantly of all, in 
today's preventive medicine and 
health promotion, whose effects will 
be seen some decades hence. 
But, given that some constraints are 

ry ,  what ethical 
principles should underlie decision- 
making'! Continuing an approach 
based on lessons from history, one 
might take a recent case in which 
limited funds  led to  clear-cut 
decisions on resource allocation, and 
examine the notions that underlay 
the decisions that were made. The 
case occurred  in the  S ta t e  of 
Oregon, USA, in 1987. (Welch & 
Larson  1988). T h e  question 
identified was whether, for the next 
two years, to extend funding for 
basic health care to include 1500 
persons not covered previously, or 
to continue to fund a programme 
of transplantation of bone marrow, 
heart ,  liver and  pancreas, for a 
projected 34 patients. (Kidney trans- 
plants were not to be interfered 
with). The decision was made to 
extend the basic health care funding, 
and to stop the transplants. 
The report on this matter did not, 
unfor tuna te ly  for ou r  purposes ,  

reflect discussion of the principles 
that  were taken into account in 
reaching the decision. It did however 
give four reasons why transplanta- 
tion of the organs mentioned was 
the target. Firs):, the transplantations 
represented easily identifiable large 
scale expenses.  Second,  they 
benefited relatively few people.  
Third, they represented a new type 
of therapy that was more easily 
foregone than other, longer estab- 
lished, ones. Finally, and this was 
a local administrative consideration, 
the transplantations were categorized 
as discretionary expenditures. Three 
of these reasons were essentially 
pragmatic ones. (Easy identifiability, 
novelty and the discretionary expen- 
diture category). The reason that the 
transplantations benef'ited relatively 
few people ernbodied an  ethical 
proposition, that  the number of 
people who benefit should influence 
decision-making on  resource 
constraint. 1 will come back to that. 
Since this study did not take me 
very far in the search for principles 
that might assist in decision-making, 
1 thought it rnight be helpful to 
explore another approach and ask: 
to what extent are ethical principles 
which underlie medical practice 
that is, doctor/ patient relationships 
~ transferable to, or at any rate 
helpful in considering, medical 
resource constraints generally? 
The first of these principles, benef- 
icence, or trying to do  good, when 
applied to a society rather than a 
patient, does not take one very far. 
It leads to comparing chalk and 
cheese, to weighing economic benefit 
for society against allowing people 
who might live 1.0 die, or who might 
live more comfortably to live less 
comfortably. 
If beneficence does not take one 
very far, non-maleficence, never do  
harm, seems tol.ally unhelpful. Any 
restriction of effective health 
promoting meas.ures must do  harm 
to some individuals. 
T h e  th i rd  ethical  principle 
underlying doctor/patient relation- 
ships is autonomy, the notion of 
'people being responsible to and for 
themselves, and therefore being able 
to determine what shall be done to 

them' (Morgan 1988). Where does 
this concept take us in guiding 
decisions about resource constraint'? 
I think nowhere, but it leads to a 
secondary point that needs to be 
made in a country like ours with 
a federal-state system. When 
available medical resources a re  
restricted, the concept of' autononi) 
leads to an assertion that individuals 
should no t  be prevented l'rom 
pursuing a resource that is not 
locally available to them say ;I 

particular treatment although in 
pursuing it they must not impose a 
burden  on their  community.  I n  
practice, the exercise of autonomy 
will naturally lead to a distinction 
within a community betwcen have's 
and have not's, those able and those 
unable to buy their way o u t  of' the 
constraints imposed on them. Some 
may, for example, buy their way out 
through interstate or intercontinental 
travel, or by using privately provided 
medical services. 
We should note that it has become 
apparent, in recent years, that the 
exercise of autonomy will skew even 
the most egalitarian form of health 
service. In the  National Health 
Service in Britain,  which was 
organized as the most egalitarian 
one of all, it soon became apparent 
t ha t  people who were better 
educated and better off benefited 
more from the service than did the 
less well educa ted  and  poorer  
people. The better educated knew 
how to make the best use of the 
service that was provided. 
T h e  four th  ethical  principle i n  
medical practice is justice or equity. 
I understand this to include the 
concept of being even-handed in  
relation t o  individuals,  and  i n  
helping them without regard to their 
personal circumstances or back- 
grounds. I suspect that everyone 
would intuitively believe that justice 
should be a major consideration in 
any discussion of constraint in health 
care. To examine this further, let us 
again go  back to real-life experience 
and consider what happened as in 
the early days of renal transplanta- 
tion. What I suppose those involved 
were concerned with, when resources 
were very limited, was not simply 
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even-handedness in relation to indi- 
viduals, but even-handedness in the 
way in which the whole operation was 
conducted. For with a novel resource 
~ and these are always likely to be 
subject to constraints the order in 
the queue cannot  simply be 
determined by individual patients’ 
needs. For example, knowledge has 
to be gained as quickly as possible 
about what sort of patients benefit 
and what sort do not. In the early 
days of renal transplantation there 
was an urgent need to know, for 
example, how well patients with 
diabetic nephropathy did as  
compared with those with glomerulo- 
nephritis. 
We seem to have found two proposed 
ethical criteria that should bear on 
decisions about constraint of medical 
resources. One is that a constraint 
should be able to  be operated 
equitably. This is, of course, quite 
different from saying tha t  the 
constraint itself should be equitable, 
which would be a contradiction in 
terms. Secondly, there is the proposi- 
tion, in the decision in Oregon, that 
account should be taken of the 
relative numbers  of people who 
benefit. 1 personally find this notion 
very difficult because I’m not sure 
how we benefit from, say, a heart 
transplant, can be compared with 
primary health care. How many gifts 
of primary health care equate with 
one heart transplant? 

DISCtlSSION 
The interaction between ethics, the 
law and constraint on resources in 
medical practice affects all our lives 
today. History shows that when con- 
straints have occurred in special 
situations, as when novel forms of 
treatment have first been introduced, 
or when disaster has swamped 
existing resources, doctors have 
developed a framework for decision- 
making, which has  guided their 
conduct. 
The story of the introduction of renal 
transplantation between 20 and 30 
years ago shows that the issues which 
arose included: making the decision 
to t r y  a novel therapy in the first 
place, some aspects of law, decisions 
about costs and the use of resources, 
and controls over research. Given the 
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limited resources initially available. 
decisions also had to be made on who 
should live, who should die, and who 
should decide. 
In these sorts of circumstances,  
history tells us that decision-making 
ha.s come within the framework of 
professional medical practice, and has 
been influenced by well known ethical 
principles. By contrast ,  ethical 
principles that might be useful in 
determining constraints which might 
be imposed on ordinary medical 
services, prove hard to define. The 
notion of the greatest good for the 
greatest number is too general, while 
the notion of equity, vital for the way 
in which constraints are exercised, 
seems not very helpful in deciding the 
aspects of health resources that 
should be constrained. 
This  rather negative. tentative, 
conclusion leads me to suggest that 
there is a real need for increased 
multi-disciplinary discussion to try to 
discover principles, other than purely 
economic ones, which should be 
taken into account when constraints 
on health resources are decided upon. 
Despite the conflict which doctors will 
find between the ethical principles 
which govern their day-to-day rela- 
tionships with patients in practice and 
research, and the idea of constraining 
resources, I believe doctors must 
contribute to the debate. Maybe the 
realiiation that there is a conflict, and 
that there are separate roles to be 
piayed. may, for a start, make it easier 
for doctors to come to grips with 
some of the hard questions that have 
to  be asked. 
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Financial Report 

BAKER MEDICAL RESEARCH INSTITUTE 
Year ended 31st December 1989 

n Income and Expenditure at a glance - Schedule 1 

Income Derived from the 
Following Sources 

1988 1989 
000.; 000s 

f? ';; 9; 9; 
900 17 I3aher Hcnefactions 902 17 

2,029 39 Go\ernnient Grants Commonwealth 2,191 4 0 
250 5 G o v e  r nmen t Grants V ic t o i - i a n  300 5 
549 10 Non Government Grants 632 12 
963 19 Donations 828 IS 
541 10 Interest from lnvestmcnts 

~~ p~~~~~ & Sundry Income $593 I I  
5,446 100 s. 2 32_-l9 0 

~~~~~~p p ~ . _ ~ ~ - ~ p ~  ~~~~ ~~~~~~~ ~~ ~ ~ ~~~~~ 

- ~ ~ ~ p  

COMMONWEALTH 

Expenditure Distributed 
a5 Follows 

3,545 66 Salar-ics and Wages 
963 18 Scientific Equipment & 

720 13 Eksential Services 
Laboratory Supplies 

General & Administration 
~~ Y4_p-_.p 3 
5,412 100 

SALARIES & 
WAGES 

3,943 67 

1,024 18 
669 I I  
229 4 

5,865 100 
p~~ 
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Balance Sheets as at 31st December 1989 - Schedule 2 
1988 

($707,919) 

$748,553 

$211,505 
$248,318 
$500,457 

$134,725 
$500 

$365,232 

$500,457 
~~ 

$1,790,584 

$77,550 
$412,627 
$65,032 
41,393 

$33,200 
$629,802 

$43,794 
$357,972 
$280,000 
$681,766 

$5,818 
$477,788 

($4,590) __ 
$1,790,584 

~~ 

Operating Fund 
Accumulated Funds & Liabilities 
Accumulated (Deficit) (Schedule ~ 3) 
Bank Overdraft 
Sundry Creditors & Accrued Expenses 
Provision for Leave Entitlements: 

~~ I.ong Service Leave 
Annual Leave 

Represented by: 

Assets 

Cash at Bank 
Cash on Hand 
Sundry Debtors & Prepayments 
Short Term Deposits 

Endowment Fund 
Accumulated Funds & Liabilities 
Accumulated Fund Schedule 4 

Represented by: 

Assets 

Investments (at cost) held by the Institute 
Govt & Semi Govt Stock 
Shares & Debentures in Companies 
7iust Units 
Short Term Deposit:, 
Mortgage Loans 

Held by A.N.Z. Executors & Trustees 
Shares & Debentures in Companies 
Trust Units 
Short Term Deposits 

Cash at Bank 
Sundry Debtors 

Less: Liabilities 
Sundry Creditors 

1989 

( $1,173,419) 
$316,701 
$556,112 

$232,163 
$308,556 $540,719 

~~~ $240,113 
~~~~ 

$1,200 
$230,913 

~~ ~ $8,000 
~ $24O>l13 
~~~ 

$1,858,373 

$202,600 
$385,738 

$65,032 
$320,861 

$29,109 1.003,340 

$46,046 
$280,000 
$105,335 $431,381 

$47,557 
$380.000 

($3,905) 
$1,858,373 

92 



B A K E R  M E D I C A L  R E S E A R C H  I N S T I T U T E  

1988 

Research Scholarship and Other Funds 
Accumulated Funds & Liabilities 

Accumulated Funds 
$556,501 

$98,309 
$4,533 

$38,098 
$2,892 

$40,300 
$97,984 

$112,898 
$82,345 

$132,611 

$1,166,47J 
~-~ 

~~ 

$1,183,977 

$8,665 
$34,577 

($50) 
$145,997 

$37,512 
$1,410,678 

$244,207 
$1,166,471 

Restricted Fund 
Edgar Rouse Memorial 
Fellowship 
Research Fund 
Before 2000 Heart Appeal 
1,aura Nyulasy Scholarship Fund 
William Ruckland Research Fund 
Lang Research Scholarship Fund 
Bertalli Family Fund 
Ruby Wallace Travel Scholarship 'Fund 
Ethel Mary Baillieu Fund 

Schedule 5 

Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 
Schedule 5 

1989 

$515,424 

$9 1,809 
$11,240 
$1,514 
$2,892 

$39,888 
$103,249 
$114,933 
$81,264 

$131,643 

Represented by: 

Assets 
Investments (at cost) held by the Institute 
Short Term Deposits 
Held by A.N.Z. Executors & Trustees 
Shares in Companies 
Trust Unit5 
Short  Term Deposits 
Cash at  Bank 
Sundry Debtors 

1,ess: Liabilities 
Sundry Creditors 

>l,l59,916 
~ 

$1,054,122 

$8,253 
$34,577 

($50) 
$123,414 
$22,743 

$1,243,059 

$83,143 
$1,159,916 _ _ ~  
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Statement of Movement of Accumulated Funds - Schedule 3 
1988 

$5,231,782 
$5,412,178 
($180,396) 

($527?523) 
1$707,9 19) 
-~ ~~ 

$11,569 
$888 239 - 

$899,808 
$962,847 

$2,028,993 
$260,225 
$134,030 
$49,545 

$2,472,193 

$2,106 
$19,314 
$2,481 

$250,000 
$370 

$20,000 
$4,461 

$38,252 
$7,379 
$1,215 
$5,386 

$356,970 

~ - -~ 

$5,097 
$243,130 
$248,827 

$ I9 8,0 4 6 

~~ $290,537 
3%!!% 

$5,231,782 
- 

Operating Fund 
Income 
Ixcs: Expendi ture  
I k f  icit for Year 
Accumulated Deficil 
Opening Balance 

Operating Fund 

Income 
Donations from Baker Benefactions 
Statutory Amount  
Yearly Block Grant  

Other Donations (Net Transfers) 
Grants  in Aid o f  Rexar-ch Projects 
Nitt ional Health & Medical Research Council 
National Heart Foundation of Australia 
Alfred Hospital 
Nor-tti American Health Organisations 
Sundry  Grants  

Other Grants 
G. F. l i t t l e  Settlement 
J & E Borrowman Research Fund 
William Huckland Research Fund 
Victorian State Government  
I _ .  Nyulasy Research Scholarship Fund 
Clivc & Vera Ramaciotti Foundation 
Ruby Wallace Travel Scholar-ship 
E.  P .  Stewart  Estatc 
Bertalli Family Restarch Fund 
E. M. Raillieu Fund 
Lang Scholarship Research Fund 

Income From Investment5 
Held b) T h e  rru\tec5 of the Baker 
Institute Grant  [rust 
Other  lncestment lricome 

Other Income 
Sundry  Sales Recokeries KC Refunds 
Clinical Services 

Total Income 

$ 

$5,445,885 
$5,9 11,385 
($465,500) 

1$707,y19) 
@127344) ~- 

$11.569 
$890,112 

$821.562 

$2,191,223 
$324,600 
$125,956 

$57,1yo 

$1,392 
$25,000 

$6,149 
$300,000 

$339 
$0 

$8.818 
$45,606 
$12,690 
$13.855 
$a529 

$5,097 
$314,453 

$148,960 
~~ $124,785 

19x9 

$901,681 
$821,562 

$2,698,969 

6424,378 

%319,550 

$213x14> 
$5>445,885 

~ 
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$3,545.276 
$628,824 
$334,730 

$51,877 
$18,967 
$38,670 
$75,666 

$1 10,121 
$60,173 

$176,010 
$83.671 
$38,983 

$1 12,360 
$8,941 

$21,167 
$7,271 

$21,570 
$2,980 

$21,590 
$12,403 

~- $40 -z-- 928 
$5,412J78 

~ 

Operating Fund 
Expenditure 
Salaries & Wages 
I.aboratorv Supplies & Isotopes 
Additional Equipment & Building 
Library Maintenance 
POSt age 
'Iklephone 
Printing & Stationery 
1,ight & Power 
Insurance 
Repairs & Renewals 
I r a h  cllinp F xpenses 
Public Relations 
Fundraising kupenses 
Sundries 
Clinical Services 
Freight & Cartage 
Legal & Accounting 
Hank & Government  C'harges 
Staff Amenities & Advcr-tisements 
Vol u n teers 
Alfred Hospital Service\ 
Total Expenditure 

$3,942,693 
$736,939 

$52,314 
$14,677 
$43,059 
$51,585 

$100,746 
$77,807 

$126,974 
$85,740 
$44,819 

$ I09,Y 5 1 
$11,606 
$8,753 

$14,400 
$32,594 
$2,909 

$48,826 
$10,898 
$59,982 

$2n i ,s4s  

~ 

~ ~ ~~ 
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Statement of Movement in Accumulated Funds - Schedule 4 
1988 $ 

Endowment Fund 
$1,768,826 Opening Balance 

Income 
$888,239 Donations ~ Baker Benefactions 

$1,309 Donations ~ Other 
$54,127 Interest I nvestrnen t 

$136 Hank 
~~ $17,496 

$Y61,307 
Profit on Sale of  Shares & Redemption of Stock 

Expenditure 
Federal ' lax & Bank Charges 
Transfers to Operating 

$6 

$888,239 Baker Benefaction,< 
$51,304 Interest 

Accrued Transfers 
~~ 

~~ $939,549 
$1,790,584 Closing Balance Schedule 2 

~~ 

19x9 

$ I  ,790,584 

$40,780 
$8,622 
$S2423 

$ I 0  I ,835 

$266 

$29,875 
$3,YOS 
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Statement of Movement in Accumulated Funds - Schedule 5 
Research Scholarship and Other Funds 

1988 

$160,335 

$11,569 
$944,903 

$22,742 
$17,411 

$996,625 

$11,569 
$531,576 

$233 
$57,081 

$600,459 
$556,501 

$89,058 

$1,025 
$7,629 
$4,200 

$12,854 

$2 
$1,665 

$1,936 
$3,603 

$98,309 

$270 

$906,535 
$ IS7 

$906,692 

$725,691 

$1,113 
$175,625 
$902,429 

$4,533 
~- 

Restricted Fund 
Opening Balance 

Income 
Baker Benefactions Statutory Amount 
Grants & Donations 
Investment Income & Bank Interest 
Accrued Interest 

Expenditure 
Baker Benefactions Statutory Amount 
Payments 
Bank Charges & Federal Tax 
Accrued Payments 

Closing Balance ~ Schedule 2 

Edgar Rouse Memorial Scholarship Fund 
Opening Balance 
Income 
Donations 
Investment & Bank Interest 
Accrued Interest & Donations 

Expenditure 
Federal Tax & Bank Charges 
Transfers to Operating 
Payments 
Accrued Transfers 

Closing Balance ~ Schedule 2 

Research Fund 
Opening Balance 
Income 
Donations 
Investment Income 

Expenditure 
Transfers to Other Funds 
Payments - Other 
Federal Tax & Bank Charges 
Accrued Transfers 

Closing Balance ~ Schedule 2 

$ 1989 

$556,501 

$810,277 
$8,499 

$818,776 

$798,982 
$871 

~ $799,853 
$575,424 

$98.309 

$3,669 
$11,237 
$3,870 

$18,776 

$45 
$7,677 

$14,974 
$2,580 

$25,276 
$91,809 

$4.533 

$577,079 
$6,529 

$583,608 

$500,893 
$5,204 
$2,804 

$68,000 
$576,901 

$11,240 
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1988 

$22,990 

$12,200 
$1,751 
$2,643 

$16,594 

$759 
$5 

$722 

_ _  $1,486 
$38,098 _ _ ~ _ _  

$2,x92 

$370 

$370 
__ _ _ _  

$370 

$2 892 -1- 
~~ 

$40,300 

$2,481 

$2,481 
~ 

~ $40,3Uo ~. 

$106,014 

$10,728 
$3,535 

$14,263 

$5,019 

$2,360 

- 5 7 , 3 7 9  
.~ $112,x98 

~ - ~ _ _ _ _ _  

Before 2000 Heart Appeal Fund 
Opening Balance 

Income 
Donations 
Investment Income 
Accrued Interest & Llonations 

Expenditure 
Transfer to Operating Fund 
Federal Tax & Bank Charges 
Payments 
Accrued Transfers 

$ 

$6,620 
$4,844 

~- .- 

$1,723 
$6 I 

$46,204 

Closing Balance ~ Schedule 2 

Laura Nyulasy Scholarship Fund 
Opening Balance 
Income 
Investment Income 

Expenditure 
Grant to Institute 
Payments Other 
Closing Balance Schedule 2 

William Buckland Research Fund 
Opening Balance 

Income 
I n k  extment Income 

F xpenditure 
Grant to Institute 
Payments Other 
Closing Balance Schedule 2 

Bertalli Family Research Fund 
Opening Balance 

Income 
Investment Income 
Accrued Interest 

Expenditure 
Transfers to Operating F und 
Payments 
Accrued Transters 

Closing Balance 'chedule 2 

1989 

$38,098 

$11,464 

$47,088 
~~ ~ $1.574 
~~- ~ 

$2,892 

$339 

$339 

$13,151 
$5,074 

$9,307 
$3,500 
$3.383 
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99 

1988 

$77,789 

$6,537 

$9,100 
~~ 2 2 2 3 3  

$2,758 
$77 

~ $ U 0 9  
$4,544 

$82,&4% 
~- 

$92.564 

$7,746 
$3,060 

$10,806 
~ ~ _ _  __ 

$3,346 
$2,040 

~~ 

- -  $5,386 
.__~ $97,984 
-- _._ __ 

$125,227 

$10,501 
- $4,100 

$14,601 

$4,482 
$2 

__ $2,733 
$7,217 

$132,611 

I 

Ruby Wallace Travel Scholarship Fund 

Opening Balance 

Income 

Investment Income 
Accrued Interest 

Expenditure 
Transfcr to Operating Fund 
Federal I'ax & Hank Charges 
Accrued Transfers 

Closing Balance ~ Schedule 2 

Lang Research Scholarship Fund 
Opening Halance 

Income 
I nvcst men t 1 ncome 
Accrued Interest 

Expenditure 
Transfer to Operating Fund 
Accrued Transfers 

Closing Balance ~ Schedule 2 

Ethel Mary Baillieu Fund 

Opening Balance 

Income 
Investment Income 
Accrued Interest 

Expenditure 
Transfer to Operating Fund 
Federal Tax & Bank Charges 
Payments 
Accrued Transfers 

Closing Balance ~ Schedule 2 

$ 

$82,345 

$10,146 
$3,713 

$6,343 
$122 

_. . $2,475 

$11,390 
_ _  $4,404 

$7,593 
$2,936 

$15,357 
$5,654 

$10,085 
$64 

$8,061 
$3,769 

1989 

913,859 

~ $829 
~ $87.264 

~~ 

$97,984 

$15,794 

$10 1- 529 ~ 

~ $1 0 3 m  ~ 

~ 

$132,611 

$21,011 

$21 979 
$131,643 

~~ 1- 

~ ~~~ 
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Statement of Investments (at cost) - Schedule 6 
1988 Endowment Fund 

Held by the Trustees of the Institute 
Goverment & Semi-Government Stock 
M.M.B.W. Stock 
N.S.W. Treasury Bonds 

Other Stock 
A.G.C. Debentures 

Shares in Companies 
Argo Investments Co. Ltd 
B.H.P. Ltd 
C.R.A. Ltd 
C.S.R. Ltd 
C.S.R. Conv. Notes 
Coles/ Myer Ltd 
National Australia Bank 
North Broken Hill 
News Corp 
Westpac Banking Corp 
ANZ Banking Group 
Templeton Global Gi-owth Fund 
Brambles 
General Property Trust 
Western Mining Corp 
Borai Industries 
W.M. Soul Pattinson 

Cash Management 'Trust Units 
P P  Cash Management Trust 
Short Term Deposits 
Toronto Dominion Australia Ltd 
Bank Bills 
Mortgage Loans 
Sundry Debtors 
Loans to Operating Fund 

$ 

$2,600 
$200,000 

$52,232 
$5,976 
$5,876 

$15,209 
$14,703 
$14,603 

$4,310 
$11,029 
$9,280 

$21,598 
$16,631 

$11,304 
$17,265 
$11,032 
$13,602 
$11,088 

$50,000 

$2 0,8 8 9 
$300,000 

1989 

$202,600 

$100,000 

$285,738 

$65,032 

$320,889 
$29,109 

$380,000 
$1,383,368 
- 
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Baker Medical Research Institute 
Notes to and Forming Part of the Accounts 

for the Year Ended 31 December, 1989 - Schedule 7 
1. Incorporation 

O n  I 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 
The accounting 

(a) Historical Cost 

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

The accounts of the Institute are prepared on the basis of historical cost and unless otherwise stated do not take 
\ I  

into account the effect of changing money values or current valuations on non-current assets. 
(b) Institute Funds, Income & Expenditure 

The work of the Institute is financed from grants, endowments, donations and bequests of both general and specific 
natures. Income of a specific nature is taken to Restricted Funds where the terms of any relevant covenants apply to 
that income. 

Income on investments is accounted for on an accrual basis. 
Income from donations is accounted for on a cash basis. 
Other income and expenditure is accounted 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 Institute 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 accumulated capital expenditure, including buildings, to 31 December 1989, was approximately 
$13,600,000. 

3. Investments - Endowment Fund 
The market value of shares in companies listed on the Australian Stock Exchange a t  31 December 1989 was $816,202 

(I988 $77 1,955). 
Investments managed by the ANZ Executors & Trustee Company Limited are included 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. Contingent Liability 
A contingent liability exists where the Institute has indemnified a former staff member in a libel brought against 

him in circumstances where he was representing the Institute. The action is presently pending and it is the opinion of 
the solicitors of the Institute and the Board of Management that the result of this action cannot be assessed at  this 
time. 

Auditors’ Report to the Board of Management of 
Baker Medical Research Institute 

We have audited the attached accounts as set out on Schedules 2 to 7 in accordance with Australian Accounting 
Standards. 

As indicated in note 2(c), it is the Institute’s policy to write off all capital expenditure as incurred 

In our opinion, with the exception of the effect of the omission of these assets, estimated to have a replacement 
cost of $13.6 million, the attached accounts are drawn ‘up so as to give a true and fair view of the accumulated funds 
of the Institute and the net assets representing those funds at  31 December 1989, and the movements in those funds 
for the year to 31 December 1989, and have been made out in accordance with Australian Accounting Standards applicable 
to non-business entities. 

Melbourne 
30 April 1990 

Price Waterhouse 
EA Alexander 

A member of the firm 
Chartered Accountants 
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Baker Medical Research Institute 
Statement by Board Members 

In the opinion o f  the Board Members: 

(a) the accounts are drawn up so as to give a true and fair view of the state o f  the Institute’s affairs as at  31st 1)ccember. 
1989 and of its results for the year ended on that date; 

(b) at the date o f  this statement there are reasonable grounds to believe that the Institute will be able to pay it5 debts 
as and when they fall due; 

(c) the accounts have been compiled in accordance with Australian Accounting Standards, except in relation to thc treatnicnl 
of capital expenditure and depreciation of scientific assets as set out in the notes to the accounts and refci-red to in 
the Report of the Auditors. 

Signed at Melbourne this 30th day of April, 1990 in accordance with a resolution of the Board. 

John Moir Paul Korner 
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Major Contributions 
Received to 31st December, 1989 

Advanced Network Management 
A N Z Banking Group 
A N Z McCaughan 
Arnhold Charitable Fund 
Arnold, Mrs V 
Ashton Mining Limited 
3M Australia 
Bailey Shaw & Partners Pty Ltd 
Rarbara Roche Estate 
Bell Charitable Trust 
Best Hooper 
B P Australia 
Brivis Australia Pty 1,td 
B S Robbins Nurseries Pty Ltd 
C E Heath Insurance 
Chesters Fashions Pty Ltd 
C I G Limited 
Clive & Vera Ramaciotti Foundation 
Comalco 
Commercial Union Assurance 
Commonwealth Banking Corp 
C R A Limited 
Dalgety Australia Holdings Ltd 
Dillon, Miss M L 
Distributed Data Processing Pty Ltd 
Dorward, Dr Patricia K 
Downes, Mr & Mrs M 
Eisner, Mr K 
E L & C Baillieu Limited 
Elders 1 X L Limited 
Ernily E E Stewart Estate 
Estate of the Late George Adams 
Fe1 t o n B eq ues t C om mitt ee 
Fitzgerald, Mr L .I 
Fletcher Jones & Staff Pty Ltd 
(;adsden, Mr & Mrs L A 
Gann, Mrs R 
George W Vowell Foundation 
G & E Ramsay Charitable Trust 
<; & H Foulkes Charitable Trust 
Habersberger, Mr & Mrs J C 
Herald & Weekly Times Ltd 
H M Schutt Trust 
Hogarth, Mr D F 
H P Blaich Estate 
H P Williams Trust Fund 
Imray, Rev F & Mrs F 
James McNeill Trust 
James N Kirby Foundation 

$ 
1,000 
5,680 

850 
2,000 
1,000 
1,000 
1,000 
1,000 
1,883 
6,500 
4,153 
4,000 
1,000 
1,000 
4,000 

700 
1,000 

29,000 
2,000 
5,000 
1,000 

750 
1,000 
2,000 
1,000 
5,025 

850 
2,750 
1 SO0 
1,000 

39,546 
1,000 

10,o 0 0 
1,200 
2,000 
1,000 
1,000 
5,000 
2,000 
2,794 
1,510 
1,000 

10,000 
1,000 
4,551 
2,500 
2,000 
6,000 
2,000 

J D & Lyla Harris Foundation 
Jeffrey, Misses D & J 
Joan Marsh Lillie Estate 
Joe White Bequest 
Kal Life Systems Pty Ltd 
Kodak (Australasia) Pty Ltd 
Kooronya Nominees Pty Ltd 
Leopold Klein Charitable Foundation 
Lustig & Moar Group 
McCorkell Construction Company 
McGrath, Lady 
Macmillan Company of Australia Pty Ltd 
McPhersons Limited 
Marion & E H Flack Trust 
M A S Robison 
Minter Ellison 
Muir, Sir Laurence 
Murdoch, Dame Elisabeth 
Myer, Mr S B 
National Australia Bank 
Nelson, Mr  R E 
Occidental Life Insurance Company 
Peat Marwick Hungerfords 
Percy Baxter Charitable Trust 
Rotaract Club of Melbourne 
Rotary Club of Balwyn 
Scovell, Mr A M 
Snowy Nominees Pty Ltd 
T A & D Burgess Charity Trust 
Telecom Australia 
Terumo Corporation 
The Age David Syme & Company 
The George Hicks Foundation 
The Hamilton Charitable Trust 
The Ian Potter Foundation 
The Jack Brockhoff Foundation 
The Miller Foundation 
The Shell Company of Australia 
The William Angliss (Victoria) Trust 
Victorian Ladies Bowling Association 
Victorian Medical Insurance Agency Ltd 
Wade, Mr E A 
Webster, Mrs Ruth 
Wellcome Australia 
Westpac Banking Corporation 
William Buckland Foundation 
William Paxton Charitable Fund 
Wooldridge, Mr  & Mrs P 
Wren, Mr  J F 

$ 
10,000 

600 
20,000 
18,135 

524 
10,850 

850 
2,000 
5,000 
1,000 
2,000 
1,000 
1,000 
7,700 
1,000 
1,000 

850 
10.000 
1,000 
7,500 
5,000 

850 
2,000 
12,500 

60 0 
45,000 

600 
3,000 
1,372 
2,500 
1,000 
I,O00 
2,000 
3,500 

10,000 
20,000 

1,000 
1,000 

10,000 
8 0,0 0 0 

1,500 
I.000 
1,200 
1,000 
2,500 
6,000 
2,500 

510 
2,000 
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Brown Brothers (Milawa) have continued to 
generously support our seminars and VIP Tour 
functions. 

A special thanks also must go to all our many other 
donors who, through their regular support, are 
equally important to the ultimate success of our 
research programme. Without their contributions, as 
well as those listed, we could not pursue our 
objectives as planned. 
Cover photo donated by The Image Bank. 

ANNUAL DINNER 
Special acknowledgement and gratitude must be 
made to the Sponsors of the Baker Institute Annual 
Dinner held in December 1989. 
They were: Australia and New Zealand Banking 
Group Ltd. 
Commercial Union Assurance Company of Australia 
Ltd. 
Kodak (A'asia) Pty. Ltd. ~ Medical & Health 
Divisions 
Lustig & Moar Group. 
Without their support and generosity this function 
could not have been held. 

Thomas Baker Society 1989 
Mr Geoff Bade 
Mr L Berkowitz 
Mr  N T Bevan 
Mrs Alison Bult 
Mr  I G & Mrs W V Coghill 
Mrs L C Dickson 
Mr  M Drewin 
Mr & Mrs A Edwards 
Mrs N A Edwards 
Mrs N M Ennis 
Mrs S Evans 
Mrs J Ferrarin 
Mrs M Fink, M B E 
Mr Eric R Forrest 
Mr  & Mrs A Garfield 
Mr  B S Gilbert 
Mr  G T Golden 

Mrs F S Grimwade 
M r  M Gudinski 
Mr A Hacker 
M r  B M Hobart 
Misses D & J Jeffrey 
Mrs K Kapahi 
Mrs W Keir 
Miss A P Kennedy 
Mr  W .I King 
Mr J Barry Levingston 
Mrs Helen Marks 
Mrs D Martin 
Ms P A Milne 
Mr R E Mitchell 
Mrs D S Moore 
Mr  A Muir 
Miss T M Nevin 

M r  Harold Penaluna 
Mr G A Pinches 
Lady Gladys Reid 
Mr R M Reid 
Mr  E A Richards 
Mr  & Mrs F A Roberts 
Mr  A M Scovell 
Mrs C Y Sullivan 
Mr  R R Tashi 
Mr  H E Towers 
Mr  H E Vivian 
Mr D C Vollmerhause 
Mr  .4 C & Mrs J Weber 
Mrs Ruth Webster 
Mr  0 J Whelan 
Mr  R W Willmott 
Mr  S J Wintle 

Century Club 1989 
Membership of the Century Club now stands at 287, and space no longer permits us to list the names 
in this Annual Report, although they are recorded separately at the Institute. 
Many new developments were made possible by the continuing, valued support of Century Club 
members. $27,475 was raised in 1989 which enabled specific research projects to be pursued in the 
following year. 
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~ _ _ _ _ _ _ _ _ ~  ~ _ _ _ _ ~ ~ ~  

Edgar Rouse Memorial Fund 
in memory of 

MR WAL HUGHES by 2/ 14 Aust Field Regiment 
ALLAN W TArTERSON by 2/ 14 Aust 

Field Regiment 
L T (LOU) PARR by 2/ 14 Aust Field Regiment 
DAVID OLIPHANT by 2/ 14 Aust Field Regiment 
H BAKER by 2/ 14 Aust Field Regiment 
K MILLSTEAD by 2/ 14 Aust Field Regiment 
HAROLD P LEACH by 2/ 14 Aust Field Regiment 
R W JOHNSTON by 2/ 14 Aust Field Regiment 
E BIRRELL by 2/ 14 Aust Field Regiment 
J FULLER by 2/ 14 Aust Field Regiment 
W SMITHERMAN by 2/ 14 Aust Field Regiment 
W FREEMAN by 2/ 14 Aust Field Regiment 
P COWPER by 2/ 14 Aust Field Regiment 
F HENDY by 2/ 14 Aust Field Regiment 
ARTHUR MITCHELL by 2 /  14 Aust 

Field Regiment 
M R K TAY LOR by 2/ 14 Aust Field Regiment 
REV FRANK McGREGOR by 21 14 Aust 

Field Regiment 
MR V MOFFAT by 2/ 14 Aust Field Regiment 
M R  W McKERROW by 21 14 Aust 

Field Regiment 
M R  W DRAPER by 2/ 14 Aust Field Regiment 
M R  R HENDY by 2/ 14 Aust Field Regiment 
M R S  PAT PARSONS by Mr  & 

Mrs George Parsons 
MR A L F  JEANES by Mrs G N Joyce 
ALEC WATSON by T M & P H Morphet 
ANGELA LIST by T M Morphet 
M R S  JOYCE BIBBY By T M Morphet 
M R S  ISOBEL BROWN by T M Morphet 
ROBERT MICHAEL by T M Morphet 
CECIL G HOOPER by J A Maconochie 
M R S  BERTHA THOMPSON by M r &  

Mrs H Smith 
M R S  BERTHA THOMPSON by Mr & 

Mrs W Thompson 

Mrs D M Axford 

Mr  A L Brentwood 

G & L J Brinson 
by Mr & 

Mrs V F Miller 
by Rob & Ruth White 

Beatrice Fraser 
M R S  BERTHA THOMPSON b y M r R M &  

M R S  BERTHA THOMPSON by 

M R S  BERTHA THOMPSON by 

M R S  BERTHA ANTILL THOMPSON by 

M R S  BERTHA ANTILL THOMPSON 

BERTHA THOMPSON 
M R S  BERTHA ANTILL THOMPSON by 

Mrs M H Wheeler- 

Keg & Dallas Freeman 

John & Thelma Johnson 
by Mrs Joan Gabb 

by Mrs Rae Williams 
by Sadie & Alan Bell 
by M r  E A Richards 
by Mr  E A Richards 
by Mr  E A Richards 

by Mr  Ernest A Kichards 
by Mavis L Johnson 
by Mavis L Johnson 
by Mavis L Johnson 

The Randall Family Trust 

Tony & Fay McLaren 
by Mr  & Mrs D A Doig 

by Mrs Audrey Doig 
by R G Morrison 

by Donna Habersberger 

Donna Habersberger 
by L E Longworth 

by Mr  L E Longworth 

Miss Pat Haggerty 
A L F  OLDFIELD by Mr & Mrs J Ryan 
MR BERT LLOYD by Lorna Millis 
LESLIE A BLANCH by his wife, 

Mrs D M Blanch 
JOHN BORTHWICK by Shirley L Press 
MARY NEWTON by Richard Honess 
M R S  NELLIE ARNALL by M r &  

Mrs D E Chambers 
RALPH GUEST by R V & J Hunt 
M R S  GLADYS CHITTOCK by her husband, 

Mr  Arnold Chittock 
M R  MARTIN SELIG by Mrs Phyllis Paterson 
LORNA HASSELBY by Mrs C Broadbent 
M R S  HAZEL BARCHAM by Jack Chia 

(Australia) Ltd Group 

Miss Betty C Lawson 
HAZEL BARCHAM by Mr  & Mrs H G Lander 
M R S  HAZEL BARCHAM by Rae Lockey 
M R S  HAZEL BARCHAM by Mrs J Bond 
HAZEL BARCHAM by May Angliss 

M R S  BERTHA THOMPSON by 

M R S  BERTHA THOMPSON by 

MRS BERTHA THOMPSON 
M R  RUSSELL ADDISON 
RUSSELL ADDISON 
D R  ROBERT MECCA 
BLANCHE STONEMAN 
NOEL HOCKING 
M R  ALEX MUIR 
GWEN MARRIOTT 
MARYLYN BACON 
IRENE RULE 
HON F S GRIMWADE by 

IAN THOMAS McLAREN by 

NELL FOLEY 
JOYCE NORTH 
CAPTAIN ROBIN CLARK 
M R S  JEAN KAY 
MISS ANNIE MURRAY FORTUNE by 

NEVILLE HAUGHTON 
MISS JENIE GUINNESS 
ALFRED GORDON OLDFIELD by 

M R S  HAZEL BARCHAM by 
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M R S  HAZEL BARCHAM by 
Meg & Anthony Bartel 

by Mr George & 
Mrs Barbara Carrington 

Dr Marjorie Gilchrist 

Professor R Andrew 
MRS HAZEL BARCHAM by Mr B S & 

Mrs E R Andrews 
MRS HAZEL BARCHAM by Mr R 1, Cooper 
M R S  DOLLY RAWORTH by 

Norm & Dulcie Conybear 
M R  POGSON SENIOR by Anne & Roger Gibbs 
DR J O H N  BARKER by R H & A F Gibbs 
MARTIN SC‘LIP by Ilsa Wolfsohn 

Mr G W & Mrs M E Murie 
MR D W PAYNE by M r  & Mrs A Wicks 
MR LEO CARTLEDGE by Mrs Phillis L Maggs 
MR J O H N  MOORES by Stan & Eva Marks 
MR SIEGFRIED MEYER by his wife, 

Mrs Anne Marie Meyer 
AUNTIE VIOLET by Margaret Hosking 

Joyce Robinson 
by H M A S Cerberus 

Golf Club 
by Mr  A M Aberdeen 

by Mr J Moir 
by Mr & Mrs R N Mitchell 

lan & Janice Aberdeen 
EDITH NICHOLLS by Mrs Heather A Fisher 
HECTOR McCONNELL by Mr  R M V Rlakemore 
JOHN OLDHAM by Mr  R M Blakemore 
ANDREW KELLER by Mr R M Blakemore 
M R  L ARGOON by Mr  R M Rlakemore 
MR JACK McKlNNA by M r  R M Blakemore 
JOHN & NELL DOWSETT by Mr  R M EIlakemore 
JOEKIE N Y LU by Don & Jenny Barnfather 
N W CLUCK by Mrs M Edwards 
MR JACK SHARP by Marjorie J Gough 
MR JACK BROMELL by Marjorie J Cough 
“CON” by Miss June Cox 
AGNES LINARD by Mr  & Mrs W J Grant 

the Jones Family of W A 
by Miss Jean Barrel1 

Miss Lynne Williams 
J IM CLAVEN by Selby Anax 
GEORGE FEHER by Ms V M Devenyi 
MR DOUGLAS SPONG by Mrs Barbara Cole 
ALAN RAE EVANS by his wife, Mrs Jean Evans 
“MY HUSBAND” by Mrs M 0 Don 
BETHOL ROSE CAMPBELL by Tony Campbell 
M R S  ELSPETH BOOTH by Mrs V E Eldridge 

MRS HAZEL BARCHAM 

MRS HAZEL BARCHAM by 

MRS HAZEL BARCHAM by 

MR JAMES VIVIAN (VIV) FIDLER by 

CHARLES HERBERT ROBINSON by 

ELVA EDITH CLARKE 

AUNTIE EDIE 
MRS EDITH NICHOLLS 
EDITH NICHOLLS 
MRS EDITH NICHOLLS by 

MR LESLIE WIEDMANN by 

EVELYN WIGG 
JAMES FRANCES CLAVEN by 

- 

MRS CATHERINE MARJERY 
(KIT) MATTHEWS 
CLEMENT A ELDRIDGE 
WINIFRED CAHILL 

by Mrs V Eldridge 
by Mrs V E Eldridge 

by Miss R A Middleton 

Mrs S W Hedley 
CLIFF WHIM PEY by Mrs Barbara .lames 
GWEN HAYWOOD by Mr  W F Wilson 
MRS EDNA BARROW by Mrs Una Bear & Family 
EDNA BARROW by Jack & Madge Eadon 
MRS EDNA BARROW by Miss Madge Blake 
EDNA E B BARROW by Gwen Pye 
M R S  MARTIN SELlG by Mr Steve Selig 
M R  A 0 DAVIS by Mr A L Williams 
MR CHARLES ROWSWELL b y M r R &  

Mrs C Armstrong 
“DOR IS” by Mrs 1 Morton 
MRS MARJORY LEE by Mr Ken & 

Mrs Pat Rattray 

Cleve & Norma Hodge 
M R  T EASTON by Mr  & Mrs C Newsome 
MR FRANK COLGAN by Dorothy & Jean Jeffrey 
MR LEN LAVERY by Mr  & Mrs W J Coghlan 
“LOVED ONES” by Win & Edd Chambers 
MR A W I, SMITH by the Parkinson Family 
MR ALLAN MERTON by Jean Mackay 
MRS JEAN FARMER by Mrs Thelma C Edebohls 
MRS ELIZABETH CHAMPION by .Joyce & Lloyd 
Champion 
M R S  BETTY CHAMPION by her sister, 

Dorothy Miller 
ELIZABETH ELEANOR ANNIE 
CHAMPION by Margaret & Alfred J Watson 
ELIZABETH CHAMPION by Miss K Dawe 
M R S  ELIZABETH CHAMPION by Mr & 

Mrs R A Hooke 
ELIZABETH CHAMPION by Miss P E Dodman 
BETTY CHAMPION by Will & Gwen Semler 
ELIZABETH ANNIE CHAMPION by Wilma Collie 
ELIZABETH CHAMPION by Mr & 

Mrs Donald Fraser 
MRS E CHAMPION by Mr E Vincent 
ELIZABETH CHAMPION by Elizabeth C Long 

Don & Shirley Palmer 
M R S  BETTY CHAMPION by The Hawthorn 

Branch of the A L P 
BETTY CHAMPION by Pat Duxbury 
BETTY CHAMPION by Mr  C G Champion 
BETTY CHAMPION by The Tuesday 

Afternoon Art Class 

Brenda E Reseigh 
by Mr & 

Mrs R Novak 
by Helen G Kingsford 

by M J Schaeche 

ALEXANDER JAMES GILLESPIE bY 

MR KENNETH HUTTON by 

MRS ELIZABETH CHAMPION by 

ELIZABETH (“BETTY”) E A CHAMPION by 

NANA & PAPA STEWART 

“MY BROTHER, JOCK” 
M R S  URSULA FLANAGAN 
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MRS MADGE DAVIDSON by M r &  

Mrs E C Clark 
G LA DY S A R M ST RONG by Mr & 

Mrs R Arinstrong 
RONALD WIDDOWS by Mike & Mollie Phelan 
MR FRANK PEDDEY by Mr & 

Mrs W J Coghlan 
VICTOR JOSEPH MAROCCO by Meldrum 

Burrows & Partners Pty Ltd 

Mrs Audrey M Wishart 
VICTOR JOSEPH MAROCCO by 

IN HONOUR OF 
MR B R SMlTH 

BETHOL R CAMPBELL 

T H E  BAKER INSTITUTE 

on their Anniversary 
by Mrs M .I Smith 

on Mother’5 Day 
by Mr  A R Campbell 
“For creating positive 

change in diet and life style” 
by Dr Geoffrey .I Pullen 

on his 60th Birthday 
by Stan & Fva Mdrks 

for C‘hristmd\ 
by Mr  D R Cou\tick 

MR H PETERS 

MR R C CARPENTER 

Baker Institute Club of 1000 
In 1989, the Baker Institute established its ‘Club of IOOO’, which is a club of leaders among commerce and 
industry. Each member company is entitled to nominate executives to be assessed and if necessary advised on 
risk reduction in the Institute’s ‘Heart Risk Evaluatilnn Clinic’. They are also kept informed on the progress in 
our research work on heart disease and are included in V I P  tours of the Institute. 
Select companies are invited to join the Club of 1000 and the foundation members for 1989 are: 

Ashton Mining Limited 
Distributed Data Processing Pty 
Terumo Corporation 
Bailey Shaw and Partners Pty Ltd 
McCorkell Construction Company 
Brivis Australia Pty Ltd 
Advanced Network Management 
M A S Robison 

We wish to thank these companies for their understanding of the importance of corporate support for our 
research efforts. 
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