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MEDICAL RESEARCH COUNCIL OF IRELAND 

The Chairman and Members of the Medical Research Council have 
pleasure in presenting their report for the year 1975. 

MEMBERSHIP OF THE COUNCIL 

Professor D. G. Weir was nominated by the Royal College of Physicians 
of Ireland to fill the vacancy created by the death of Professor R. A. Q. 
O'Meara. Professor D. O'B. H ourihane was nominated by the University 
of Dublin to replace Professor P. B. B. Gatenby. \ 

Professor W. A. L. MacGowan was appointed Honorary TreastJrcr in 
place of Professor O' Meara. 

FINANCES 

The research funds made available to the Council during 1975 were as 
follows : 

THE M INISTER FOR HEALTH 
For general research 

THE WELLCOME TRUST 
Scholarships grant 

DR. W. A. BOGGUST 
For cancer research in St. Luke's Hospital .... 

GRANTS FROM VARIOUS SOURCES 
For research on the chemotherpay of cancer 

and tuberculosis under the direction of 
Dr. V. C. Barry, MRC Laboratories: 

Irish Cancer Society 
Patent Royalties 
MRC Laboratories Funds ... . 
National Science Council .. .. 
Hospitals Trust (1940) Ltd. 
Arthur Guinness Son & Co. Ltd. 
Messrs. May & Baker Ltd . .... 

MISCELLANEOUS 

£ 

7,296 
3,243 
3,216 
2,858 
1,000 
1,000 

200 

£ 
293,000 

1,500 

2,500 

18,8 13 
3,587 

£319,400 

The manner is which these funds were utilised during the year was as 
follows: 

FROM THE MINISTER'S ANNUAL GRANT 
General Research: 

Fellowships - whole-time 
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Fellowships - part-time 
Training Grants .... 
Student Grants 
Grants-in-aid 
Chemotherapy of cancer and tuberculosis 
under the direction of Dr. V. C. Barry .... 

FRoM SPECIAL GRANTS 
Wellcome Trust Medical Scholarships 
Chemotherapy of cancer and tuberculosis 

under the direction of Dr. V. C. Barry .... 
Cancer Research in St. Luke's Hospital 

(balance of Irish Tobacco Manufacturers' 
grant) 

ADMJNISTRATJON (5.8% of total) 

TOTAL .... 

15,500 
8,000 
2,100 

86,000 

106,000 

1,472 

18,813 

3,359 

267,200 

23,644 
17,900 

£308,744 

Some years ago the Medical Research C'O'uncil examined the trends in 
research projects it supported. A wide disparity between clinical and 
laboratory based projects was observed. The Council moved to redress 
the imbalance and achieved a significant increase in clinical research. 
Currently the two biomedical approaches are exactly on a par with one 
another, as assessed by the crude estimate of the number of grants appor
tioned to each. It is time again to re-examine the distribution of research 
support within the two areas and to evaluate the effective coverage in each. 

In clinical research the bulk of the support is channelled into internal 
medicine and its sub-disciplines. Nearly 40% of the grant budget is so 
expended; most of the awards go to support cardiovascular, gastro
enterologica1, haematological and metabolic studies. The small balance 
of clinical support remaining is apportioned about equally between 
surgical and paediatric investigations. Notable gaps are evident. In 
neuropsychiatry, obstetrics, gynaecology, neurology, neurosurgery, clinical 
oncology and medical genetics the Council's support is rarely requested. 
All represent spheres of intense biomedical activity with problems ger
mane to public health and susceptible to solution by appropriately 
subsidised research. Such subsidy, if required, should correctly be derived 
from an expansion of the budget. 

An imbalance exists also among the discipl ines engaged in mainly 
laboratory or basic research. Here again nearly 40 % of grant funds are 
being dispensed in about equal portions to a few departments of Bio
chemistry, Physiology and Pathology. Small amounts are allocated to 
departments of Pharmacology and Microbiology. Other departments 
such as Anatomy, Histology, Epidemiology and Forensic Medicine have 
not recently solicited research support. Since they also constitute an 
important component of medical science, their problems must require 
attention and solution. It is incumbent on them to appraise the situation 
and advance reasonable propositions for research support. 
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Under current conditions of financial stringency it is perhaps fortunate 
that some of the departments of clinical and basic medical sciences 
mentioned above have not brought forward requests for grants. At present 
the Council is compelled to withhold support of a proportion of worthy 
grant applications owing to limitation of funds. While some of these 
disappear, a small fraction are deferred for later award. lt is appreciated 
that the financial support at the time is as generous as the Minister can 
provide, although this leaves a considerable volume of active and potential 
research underdeveloped. 

For a quarter of a century the Medical Research Council apportioned 
a large fraction of its budget to the development of a laboratory initially 
devoted to exploring chemotherapy of tuberculosis and related infections. 
Results were fruitful , and exceptionally successful against leprosy. At 
present one of the compounds 8.1912 is being manufactured by the 
Institute for Industrial Research and Standards, under the auspices of the 
Department of External Affairs for clinical trial in fndia where leprosy is 
a major problem. However, the major concern of the laboratory is now 
the chemotherapy of human cancer. In this field the organic compounds 
developed by the synthetic chemists have passed preliminary trials and 
are at the stage of pre-clinical examination. Considerable international 
interest has been aroused and the National Cancer Institute ( U.S.A.) is 
activating an arrangement for evaluation of some of the compounds for 
clinical trial. With such success clearly manifest it is most unfortunate 
that the Director, Dr. Vincent Barry, should have died before the results 
of clinical trials become available. 

Dr. Barry was awarded a fellowship by the MRC in 1943 to investigate 
the chemotherapy of tuberculosis o ut of a grant made by the Oireachtas 
at the request of the Minister of Local Government and Public Health . 
The research flourished and by 1950 had outgrown the space and facilities 
then provided. Accommodation was made available to the MRC by 
Trinity College for the establishment of a laboratory with Dr. Barry 
appointed as director. With creative foresight he gathered around him a 
body of distinguished researchers for the development of many compounds 
effective in animal experimentation against mycobacterial infections and 
cancer. 

The scientific policy of the MRC Laboratory is in the process of change 
with the co-operation of the Acting Director, Dr. M. L. Conalty. The 
Council intends to modify the organisational structure and to place 
greater emphasis on biological aspects of research commitments. It may 
be necessary to develop closer co-operation with Departments in the 
medical schools. It is felt that priority should be given to the selection of 
promising chemicals for concentrated investigations, for redesign and 
for evaluation, often in conjunction with agencies such as the National 
Cancer Institute mentioned above. This will mean limiting the synthesis 
of additional anti-cancer compounds until the present range of available 
agents has been explored. Closer co-operation between synthetic chemists 
and biologists, including molecular biologists, biochemists, microbiologists 
and pathologists, would contribute toward rational synthesis of analogues 
and drug application. ln the latter field a link up with interested pharma
cology departments is being considered. 
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A continuous alert has been maintained toward the problem of re
combinant DNA research. A member of the Council's Committee on 
Genetic Manipulation was selected by the European Science Foundation 
to serve on its working group on recombinant DNA. Through this 
organisation contact is possible with EMBO, the N.l.H. and the British 
Councils, who are drawing up drafts of regulations of suitable stringency 
for European Governmental approvals and application. The Council , 
operating under the auspices of the Department of Health, keeps the 
Minister advised of the current developments as he requested through his 
officers. Since governmental legislature may be recommended for en
forcement of the proposed regulations the matter assumes a primary 
national importance and may require formation of a National Committee. 

SuMMER STUDENT ScHEME 
The Council's summer student scheme was continued during 1975 

when grants were awarded to 23 students. Reports submitted indicate 
that students worked with enthusiasm and gained much valuable experience 
and also gained an insight into the excitement and troughs of research 
procedures. 

WELLCOMI:: TRUST MEDICAL SCHOLARSHIPS 
This scheme, inaugurated in 1975 to enable medical students to read 

for an honours science degree on the intercalated year principle, attracted 
11 candidates for the first year. Four scholarships were awarded and the 
~ucccssful candidates arc now in the middle of their courses. 

E UROPEAN M EDICAL REsEARCH CoUNCILS GROUP (EMRC) 
Meetings were held in Rome (March 1975) and in Bonn (October 1975). 

The Medical Research Council of Ireland was represented at these meet
ings by Professors 0. FitzGerald and J. D. Sheehan. 

The EM RC, though otherwise remaining an autonomous group. has 
become a Standing Committee of the European Science Foundation 
(ESF). It will submit an annual report of its activities to the ESF and will 
provide opinions and assistance to ESF in the bio-medical research sector. 
In turn, ESF will consult EMRC on all initiatives it intends to take in 
the biomedical research field. 

During 1975, a toxicology sub-group beaded by Professor Gustafsson 
of Sweden has been active in determining the lines of investigation needed 
in the fields of carbon disulphide toxicology and the effects of carbon 
monoxide on the cardiovascular system. A report will be issued on these 
problems. A report, based on a symposium in Stockholm on pre-natal 
diagnosis, will also be published in 1976. 

Reports received from member research Councils included co-operative 
research in the immunology of bilharzia, comparisons of national scientific 
policies, mental illness research, research on economics of health, pro
blems of production and circulation of scientific publications and ethical 
problems related to medical research. Jn 1976, consideration of many of 
these items will be continued at meetings of EMRC to be held in Oslo and 
Helsinki. 
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COMMITIEE ON MEDICAL RESEARCH AND PUBLIC H EALTH (CRM) 
The general work of attempting to co-ordinate medical research policies 

in the EEC continues. Congenital disorders have been selected as a topic 
of which an initial attempt will be made to see: 

(a) What are the research policies of the research organisations within 
the nine countries in this field, and 

(b) What degree of co-ordination of these policies would be valuable 
and desirable. 

PosT DoCTORAL FELLOWSmPs 
A National Institutes of Health International Research Fellowship 

was awarded to Dr. Paul W. Doherty for the study of myocardial blood 
ftow using radio-isotopes at Stanford University for the year 1975/ 1976 
and an extension of his existing fellowship for a further year was granted 
to Dr. Trevor J. I. McGill at the Massachusetts Eye and Ear Infirmary. 

AWARDS 
The following awards were made during the year: 

THE FIFTEENTH GRA YES LECTURE 
(Awarded in collaboration with the Royal Academy of Medicine in 

Ireland). 

KEITH D. BUCHANAN, M D., PhD., FRCPG., FRCPE., MRCP. " The 
Gut as an Endocrine Organ". 

FELLOWSHIPS (WHOLETIME) 
DR. D. A. FITZPATRICK, PhD., Department of Medicine and Therapeutics, 

University College, Dublin under the direction of Mr. K. F. 
McGeeney. 

DR. D. JEFFERSON, MB., BS., LRCP., MRCS., Sir Patrick Dun's Hospital 
and St. Vincent's Hospital, Dublin under the direction of Professor 
D. G. Weir and Professor 0. FitzGerald. 

Mrss MAROARET K ENNEDY, Dip. Diet., Sir Patrick Dun's Hospital and 
St. Vincent's Hospital, Dublin, St. Finbarr's Hospital, Cork and 
Regional Hospital, Galway under the direction of P rofessor D. G. 
Weir. 

DR. G. M. Ktoo, BA., MB. , BCb., BAO., Department of Physiology, 
Trinity College, Dublin under the direction of Professor R. E. M oore. 

DR. PHYLLJS A. MooNEY, PhD. , Department of Gastroenterology, 
Regional Hospital, Galway under the direction of Professor C. F. 
McCarthy. 
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fELLOWSHIPS (PART-TIME) 
DR. BRIDGET EGAN-MITCHELL, MB., BCh., BAO., DCh., Department of 

Paediatrics, Regional H ospita l, Galway under the direction of 
Professor B. McNicholl. 

DR. ANNE-MARJE GJLMORE, MB., BCh. , BAO. , Department of Gastro
enterology, Regional Hospital, Galway under the direction of Pro
fessor C. F. McCarthy. 

DR. C. PtGGOTT, PhD., Department of Biochemistry, University College, 
Galway under the direction of Professor P. F. F ottrell. 

DR. MARV SYNNOTI, M B., BCh., BAO., Cardiac Department, St. Vincent's 
Hospital, Dublin under the direction of Dr. R . Mulcahy. 

OR. A. TWOMEY, MB., BCh., BAO., St. Finbarr's Hospital, Cork under 
the d irection of Dr. M. J . Whelton. 

TRAINING GRANTS 
MR. J. K . BRAZIL, BSc(H). , Department of Pa thology, University College, 

Dublin under the direction of Dr. H . McLaughlin. 

MISS MAUREEN CONNLI:LY, BSc., Department of Biochemistry, University 
College, Galway under the direction of D r. M. P. Coughlan/Dr. D. B. 
Johnson. 

MISS MARY DARCY, BA Mod., Department of Genetics, Trinity College, 
Dublin under the direction of Professor G. W. P. Dawson. 

Mtss KATHRVN DOYLE, BA Mod., Department of Bacterio logy, Trinity 
College, Dublin under the direction of Dr. Carol Blair. 

MR. T . DuNNE, BSc., Department of Physiology, University College, 
Galway under the direction of Professor D. J. O' Donovan. 

MR. S. KEEHAN, BSc(H)., Department of Biochemistry, University College, 
G alway under the direction of Dr. M. P. Coughlanf Dr. D. B. 
Johnson. 

MISS JOSEPHI NE P. McNuLI v, BSc., Department of Physiology, University 
College, Galway under the direction of Professor D . J. O'Donovan. 

MRS. ElLEEN ROONEV, MSc., Department of Physiology, University 
College, Galway under the direction of Professor D . J . O'Donovan. 

DR. J . G . RYAN, MB., BCh., BAO., Metabolic Unit, St. Vincent's Hospital 
and Department of Medicine and Therapeutics, University College, 
Dublin under the direction of Professor F . P . Muldowney. 
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REsEARCH ASSISTANT GRANTS 
MISS VJDA GESTAUTAS, BSc., Department of Biochemistry, University 

College, D~blin under the direction of Dr. M. E. Beary. 

OR. J. M. O'DONNELL, PhD. , Department of Pharmacology, University 
College, Galway under the direction of Professor B. E. Leonard. 

MISS GERALDlNE O'SHEA, BSc(H)., Department of Biochemistry, Univ
ersity College, Dublin under the direction of Dr. M. E. Beary. 

MISS A. MAUD VAUGHAN, BSc., Gastrointestinal Unit, St. Finbarr's 
Hospital, Cork under the direction of Dr. M. J. Whclton. 

GRANTS-IN-AID 
PROFESSOR E. BOURKE, Department of Clinical Medicine, Meath Hospital, 

Dublin. 

Mtss MAUREEN CoNNEELY, Department of Biochemistry, University 
College, Galway. 

DR. J. CUMMISKEY, Department of Pathology, University College, Dublin. 

MR. P. V. Dt:LANEY, Department of Experimental Surgery, University 
College. Dublin. 

MR. T. D UNNE, Department of Biochemistry, University College, Galway. 

OR. BRIDGET EGAN-MtTCHELL, Department of Paediatrics, Regional 
Hospital, Galway. 

PROFI:SSOR 0 . FnzGERALD, Department of Medicine & Therapeutics, 
University College, Dublin with Professor D. G. Weir, Sir Patrick 
Dun's Hospital, Dublin, Professor C. F. McCarthy, Regional 
Hospital, Galway and Dr. M. J. Whelton, St. Finbarr's Hospital, 
Cork. 

PROFF.SSOR 0. FnzGERALD, Department of Medicine & Therapeutics, 
University College, Dublin. 

OR. D. A. FJTZPATRJCK, Department of Medicine & Therapeutics, 
University College, Dublin. 

DR. RosEMARJE FREANEY, Metabolic Unit, St. Vincent's Hospital, Dublin. 

PROFESSOR P. F. FOTIRELL, Department of Biochemistry, University 
College, Galway. 

MR. T.V. KEAVENY, Departmen.t of Surgery, University College, Dublin. 

MR. S. KEEHAN, Department of Biochemistry, University College, Galway. 
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DR. G . M. KJDD, Department of Physiology, Trinity College, Dublin. 

PROFESSOR B. E. LEONARD, Department of Pharmacology, University 
College, Galway. 

PROFESSOR M. F. MURNAGHAN, Department of Physiology, University 
College, Dublin. 

PROFESSOR R. E. MOORE, Department of Physiology, Trinity College, 
Dublin. 

DR. C. PtGGOTr, Department of Biochemistry, University College, G alway. 

PROFESSOR 0. C. WARD/ MR. D. KENNY, Our Lady's Hospital for Sick 
Children, Crumlin, Dublin. 

MR. A . WATSON, National College of Physical Education, Limerick. 

STUDENT GRANTS 
MtSS NANA ACKOM-MENSAH, under the direction of Dr. R. G. Luckwi ll, 

Department of Physiology, Trinity College, Dublin. 

MR. C. H. BONNER, under the direction of Dr. H. Staunton, St. Laurencc's 
Hospital, Dublin. 

MR. S. BooLELL, under the direction of Dr. J. G. Devlin, St. Laurencc's 
H ospital, Dublin. 

MR. J. P. BRANAGAN, under the direction of Professor C. W. M. Wilson, 
Department of Pharmacology, Trinity College, Dublin. 

DR. BRENDAN M. BUCKLEY, under the d(rection of Dr. E. R. Tully, 
Department of Biochemistry, University College, Cork. 

MR. B. FlTZPATRICK, under the direction of Professor D. J. O' D onovan, 
Department of Physiology, University College, Galway. 

MR. J. Mc CROIIAN, under the direction of Professor S. M. Lavclle, 
Department of Experimental Medicine, University College, Galway. 

MR. M. Mc KENNA, under the direction of Professor M. F. Murnaghan, 
D epartment of Physiology, University College, Dublin. 

Mtss RACHEL D. MooRE, under the direction of Dr. J . Andrews, Depart
ment of Physiology, Trinity College, Dublin. 

MR. B. M. MURRAY, under the d irection of Professor D . G . Weir, Sir 
Patrick Dun's H ospital, Dublin. 

Mr. R . O'CONNELL, under the direction of Dr. D . Powell, Department of 
Biochemistry, Trinity College, Dublin. 
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Mtss BRIGtD O'CoNNELL, under the direction of Professor W. A. L. 
MacGowan, Department of Surgery, St. Laurence's Hospital, Dubl in. 

MISS ANNE O'DONOVAN, under the direction of Professor W. A. L. 
MacGowan, Department of Surgery, St. Laurence's Hospital, Dublin. 

MR. R. O'ORJSCOLL, under the direction of Professor P. F. Fottrell . 
Department of Biochemistry, University College, Galway 

MR. W. O'NEILL, under the direction of Dr. R. Mulcahy. St. Vincent's 
Hospital, Dublin. 

MISS ANN O' REILLY, under the direction of Dr. J . Scott. Department of 
Biochemistry, Trinity College, Dublin. 

MR. C. QutGLEY, under the direction of Dr. W. J. Hall , Department of 
Physiology, University College, Cork. 

MR. P. F. M. D. SALMON, under the direction of Mr. P. L. Chambers, 
Department of Pharmacology, Trinity College, Dublin. 

MR. M. SLATIERY, under the direction of Professor C. F. McCarthy, 
Department of Medicine, Regional Hospital , Galway. 

MR. J. P. R. STEWART, under the direction of Professor R. E. Moore, 
Department of Physiology, Trini ty College, Dublin. 

MR. S. THACOOR, under the direction of Professor J. Stcphen Doyle, St. 
Laurence's Hospital, Dublin. 

MR. G. A. WATERS, under the direction of Dr. J. G. Logan, Department 
of Physiology, University College. Galway. 

MRS. NOLLAIG WHYTE, under the direction of Professor T. B. Counihan, 
Mater Misericordiae Hospital, Dublin . 

The folJowing grants were renewed during the year: 

FELLOWSHIPS (WHOLFTIME) 

DR. ANNA F. DOYLE, Department of Biochemistry, Trinity College, 
Dublin. 

DR. C. FEIGHERY, Sir Patrick Dun's Hospital, Dublin. 

OR. G. F. O'CUINN, Department of Biochemistry, University College, 
Galway. 

OR. M. D. O'DONNELL, Department of Medicine & Therapeutics, Univ
ersity College, Dublin. 
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DR. A. O'SULLIVAN, MRC Laboratories, Trinity College, Dublin. 

MRS. V. RElD, Cardiac Department, St. Vincent's Hospital, Dublin. 

DR. H. SMYTH, Department of Biochemistry, University College, Dublin. 

FELLOWSHIPS (PART-TIME) 
DR. r. M. GRAHAM, Cardiac Department, St. Vincent's Hospital, Dublin. 

DR. M. GREALLY, School of Pathology, Trinity College, Dublin. 

DR. V. COFFl:Y, TCD Medical Unit, St. James's Hospital, Dublin. 

TRAINING GRANTS 
MR. P. J. QUIGLEY, Department of Biochemistry, University College, 

Dublin. 

REsEARCH ASSISTANT GRANTS 
MR. P. BROWN, Department of Clinical Medicine, Meath Hospital, 

Dublin. 

MR. D. E. B. CANNON, Department of Pathology, University College, 
Dublin. 

OR. J. CosTELLO, Department of Clinical Medicine, Meath Hospital, 
Dublin. 

MR. S. CUNNINGIIAM, Department of Surgery, University College, Dublin. 

MISS A. DENNEJIY, Department of Clinical Medicine, Meath Hospital, 
Dublin. 

MISS E. OINEEN, St. Finbarr's Hospital, Cork. 

MISS M. GANNON, MRC Laboratories, Trinity College, Dublin. 

MR. H. GRAHAM, MRC Laboratories, Trinity College, Dublin. 

MRs. A. HAYDEN, Department of Medicine and Therapeutics, University 
College, Dublin. 

MR. E. HICKEY, MRC Laboratories, Trinity College, Dublin. 

Miss R. JACOD, Department of Biochemistry, St. Finbarr's Hospital, Cork. 

MISS M. MCDERMOTT, Department of Physiology, University College, 
Dublin. 

MRS. H. McGAULEY (NEE GORRY), Department of Experimental Medicine, 
St. Luke's Hospital, Dublin. 
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MR. P. J. Mc KENNA, Department of Pharmacology, Un iversity College· 
Dublin. 

MR. J. J . MITCIIELL, Department of Physiology, University College. 
Dublin. 

MRS. B. MURRAY. Metabolic Unit, St. Vincent's Hospital, Dublin . 

MRS. P. MuRPHY (NLE DALY), TCD Medical Unit. St. l ames's Hospital. 
Dublin. 
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CHEMOTHERAPY 
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ANTIBACTERIAL CHEMOTHERAPY 
While the chemotherapy of clinical Gram-positive bacterial infections 

has reached a very satisfactory stage better agents for the treatment of 
Gram-negative infections, especially those due to Pseudomonas aeruginosa, 
are urgently required. We have, therefore, been examining the anti
bacterial activity of the various agents synthesised in these Laboratories. 
Of some 1, 100 agents examined to date, fifteen have shown activity 
against P. aeruginosa and no less than seven of these are mixed hydrazones 
of methyl glyoxal originally made as antitumour agents. In view of the 
potential clinical importance of this finding it is intended in 1976 to carry 
out a more detailed evaluation of this group of compounds and to com
pare their activity with agents presently in clinical use. 
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CANCER CHEMOTHERAPY 
[n our report for 1974 the antitumour activities of 4-substituted 7-nitro

benzofuroxans, and heterocyclic tetrazoles were described in detail. Work 
involving the iminochromens and bis-thiosernicarbazide derivatives was 
also summarised. The investigation of these compounds was continued 
during 1975 and is reported on the following pages together with details 
of other novel agents such as arylisothiocyanate derivatives, glycosides 
and nucleosides with sulphur instead of oxygen in the sugar ring, benzo
pyrano [2, 3-d)pyrimidines, cyanoacetylthiosemicarbazides, pyrazoles and 
pyrazolones. ln all, 303 new agents were examined in 'l'i'l'o for antitumour 
activity and of these 67 showed significant activity in one or more tumour 
systems. 

Mode of Action of Benzofurazans and Benzofuroxans 
A large number of 4-amino-7-nitro-benzofurazans (1) and their N-oxides, 

benzofuroxans (JI), have been prepared. The antitumour activities of the 
latter have been summarised in the last report. 

I n 

An investigation into the mode of action of these benzofuroxans has 
revealed a wide variety of interactions with biological systems. Drugs 
pre-incubated with medium and bound to protein are inactive against 
HeLa cells, indicating that lethal action is due to drug-cell interaction 
rather than to diversion of essential nutrients. 

In the HeLa monolayer system death is very rapid and is caused by 
disruption of the glass-adhering surface of the cell. This en'ect is not cell 
phase-specific. Cells protected from this form of death by medium mani
pulation or by growth in suspension culture are also killed, but at a much 
slower rate. The second lethal action and its possible phase specificity are 
under investigation. 

fn a co-operative study with Dr. David Kessel of the Michigan Cancer 
Foundation, Detroit, it has been found, using the Ll21 0 cell culture 
system, that a variety of benzofuroxans and of benzofurazans inhibits 
synthesis of DNA, RNA and protein. At much higher drug concentrations 
uridine and thymidine phosphorylations are also inhibited but there is 
no particular correlation between inhibitions of thymidine phosphorylation 
and DNA synthesis, indicating that they are separate drug interactions. 
However, there is good correlation between inhibition of DNA synthesis 
and observed lowering of chromatin molecular size. Lowering of the 
sedimentation rate of ON A-labelled chromatin is also observed in alkaline 
gradients, indicating that there may be alkaline-labile damage to DNA. 
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Mutagenesis. Tn another co-operative study with Dr. Shahla Thompson 
of the Genetics Department, T.C.D. , a series of 4-amino-7-nitro-benzo
furoxans has been found to be mutagenic in Salmonella typhimurium if 
the tester strain is defective both in excision repair and in recombination 
repair, thus indicating more than one kind of damage to DNA. The 
mutations are base substitutions rather than frame shifts. 

The temporal sequence of DNA, RNA and protein synthesis inhibitions 
and the nature of the drug effect on DNA-protein complexes and on 
isolated DNA is under investigation in Bacillus subti/is. 

Since the spectrum of benzofuroxan derivatives showing effects in 
vitro is wider than that showing anti-leukaemic activity in vivo, further 
studies on DNA inhibitions wiiJ be carried out in vivo. 

Chemistry of Benzofurazans and Benzofuroxans 
ln continuing the study of the benzofurazans an.d benzofuroxans 4-aryl

and 4-aralkyl- thio-7-nitrobenzofurazans and their N-oxides were pre
pared (l and 11, R=N0 2, R'= S.Ar or S.aralkyl) and were oxidised to 
the sulphinyl and sulphonyl derivatives. Sodium aryl sulphinates readily 
displaced the nitro group in (I) and (U) (R= N02, R'= S02Ar) to yield 
4,7-diarylsulphonyl compounds. A variety of nucleophiles (-S R, - OR, 
N HR • R 2) displaced one arylsulphonyl group to yield further series of 
derivatives. 

R' R' . 
o- o- ~ o-s / so I ON/ ():\ (X\ ~" 

~ N/0 ~NI N/ 
R R R 

m IV V , 
R R' R' 

((' cc~ aN~ 
N/0 ~N/0 N/0 

R R R 
VI V1I VIII 

R = N02 or S02Ar: R '= Ar or aralkyl. 
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In the course of this work it was found that when (Ill) was oxidised 
with hydrogen peroxide and acetic acid, the compound (VllJ) was un
expectedly obtained. However, under mild conditions the sulphinyl (1 V) 
and sulphonyl (V) derivatives were obtained. It was then found that the 
sulphinyl benzofuroxan (IV) could be thermally rearranged to the 
sulphonyl benzofurazan (VIII). The identity of the latter compound was 
confirmed by the stepwise oxidation of (VI), through (VH) to yield (Vlll). 

Aryl lsothiocyanate Derivatil•es 
Following the use of isotruocyanates as intermediates in the synthesis 

of 4-alkylthiosemicarbazides, some aryl isotruocyanates were prepared. 
These reacted with thiols to produce linear dithiocarbanilate esters 
(ArNHCSSCH2R), while mercapto acids (HSCH2COOH and HSCH2-
CH2COOH) gave cyclic compounds, arylrbodanines and arylpropiorho
danines. At 64-8 mg/kg daily for 9 days p-anisyl3,4-dichloro(dithiocarban
ilate) gave a T/C of 146-128% with P. 388 leukaemia and 148- 129 % with 
Ll210 leukaemia. N-(3,4-Dicblorophenyl)-rhodanine and N-(3,4-
dichlorophenyl)-propiorhodanine also gave results of this order. Other 
analogues of these cornpom1ds were also active in the same tumour 
systems. 

Novel Glycosides and Nucleosides 
We have devised a 4-stage scheme for the synthesis of glycosides and 

nucleosides containing sulphur instead of oxygen in the sugar ring, using 
non-sugar starting-materials. Jt is of great versatility, and a wide variety 
of novel sugars can be prepared, including many where the oxygen counter
part is not easily accessible. They may contain deoxy or C-methyl groups, 
as well as nitro, carboxyl, acyl, aryl, or other substituents and, since 
unusual sugars are often associated with antibiotics, provide a wealth of 
material for testing for cancer chemotherapeutic and other biological 
properties. 

Firstly, a cyclic hydroxy-sulphide is prepared either by (a) reaction of 
inorganic sulphide with a linear compound having terminal leaving groups 
and one or more (possibly protected) hydroxyls, or (b) aldol condensation 
involving a linear oxo-sulphide and an active methylene; this may be 
intermolecular or, if the groups are suitably distant, intramolecular. 
Secondly, the hydroxy-sulphide is oxidised to the sulphoxide level. 
Thirdly, the sulphoxide is converted by Pummerer rearrangement into an 
a-acetoxysulphide. Finally, this is subjected to acid-catalysed nucleophilic 
attack at the anomeric centre. 

All the steps are simple in practice, and yields are nearly always accept
able and sometimes excellent. The sugar derivatives formed are racemic. 
The stereoisomers theoretically possible from some transformations have 
occasionally been isolated. The ready availability and useful physical 
properties of these sulphur compounds facilitate the study of the stereo
chemistry of the Pummerer rearrangement and of transformations at the 
anomeric carbon. 

These general principles will be illustrated in a series of papers on thio
sugars over the next few years. Further, the great value of areneboronate 
esters will be apparent. We have repeatedly used them throughout this 
work as protected forms of diols, in separating isomeric mixtures, in the 
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direction of incoming groups, and most recently, as derivatives with 
potential for optical resolution (the R-esters of p-borobenzoic acid form 
crystalline salts with certain active bases). 

Some DL-gJycosides and DL-nucleosides already prepared in small 
quantities are indicated in Fig. I. They are derived from 4-tbioerythrose 
and 3-deoxy-4-C-methyl-5-thiori bose : 

Cl S 
// j 1 ~ . NI{ /NC" <NJ:' 
"'-. N N? J 

__;-S·"j / s" N N· 

Ho"N-<_ \-(' 

(\

7 I ~H OH OH OH 
~ / . 

I 

0 

Fig. I 

lminochromens and Benzopyrano [2, 3-d] Pyrimidines 
3-Carboxamido-2-iminochromen (IX, R = H) and related compounds 

substituted in the 6, 7 and 8 positions have now been shown to have 
activity against the P.388 leukaemia. Compounds of similar type in which 
the carboxamido group is replaced by various other substituents have also 
been synthesised for testing with a view to enhancing the activity. This 
has involved the preparation of various cyanomethyl and cyanoacetyl 
derivatives which are then condensed with salicylaldehyde or substituted 
salicylaldehyde derivatives. A number of compounds in which the carboxa
mido group was replaced by S02CH 2Ar were inactive. A decline in 
activity was also observed when the substituents -CONHAr and 
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-CONHNHAr were introduced. An improvement was observed, however, 
with -CONHAlk in the 3-position. Thus 3-(3-hydroxy-2, 2-dimethyl
propyl) amido-2-iminochromen gave a T/C of 128 % at 256 mgfkg. 

The most significant activity against P.388 has, however, been found 
in the benzopyrano[2,3-d)pyrirnidines (X, R = H, alkoxy etc.) which are 
obtained when the compounds (IX) are condensed with aromatic alde
hydes. For example, 2-(3,4-methylenedioxyphenyl)-4-oxo-2H,3H
benzopyrano[2,3-d)pyrimidine gave a T/C of 153, 160, 143 and 128 % 
at 512, 256, 128 and 64 mgfkg respectively, and also marginal activi ty 
against leukaemia L1210. It is now clear that other compounds of this 
type have similar high activity and a programme of synthesis based on tltis 
finding is presently being followed. 

Cyanoacetylthiosemicarbazides 
The fact that the discovery of antitumour activity in the iminochromens 

(IX) stemmed from a study of the reactions of cyanoacetohydrazide, 
prompted us to examine compounds derived from the latter in quite 
different ways. Accordingly we have studied the reactions of cyanoacetyl
thiosemicarbazides (Xl). These compounds are also, of course, related 
structurally to the thiosemicarbazide derivatives whose biological activity 
has been investigated in these Laboratories for many years. 

R 

0 
IX X 

CNCH2coNHNHCSNHR 

XI 

R 
,(N S NCCH,~.II r 
N-NH 

XII 

IT OH 

HNAN .P~ 
R 

xm 

R N-N R 
SyN)-CHJl J-cH-(N'fS 

I l1 z. ~. "1, 11 I 
HN-N NHz. N-NH 

XIV 
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1-Cyanoacetyl-4-methylthiosemicarbazide (XI, R = CH a) (prepared by 
reacting cyanoacetylhydrazine with methyl isothiocyanate) has larvicidal 
and fungicidal activity (laliberte and Campbell 1969, U.S. Pat. 3, 455, 
984). Other compounds of type (XI) have also been synthesised. 

These compounds are cyclised in the presence of hydrazine at 20° to 
4-alkyl-5-cyanometbyl-1 ,2,4-triazoline-3-thiones (XII); this reaction is 
similar to the cyclisation of 1-acyl-4-methylthiosemicarbazides to 5-acyl-
4-methyl-1,2,4-triazoline-3-thiones previously reported by us. 

From the reac6on of (X I, R= Me) with hydrazine, the N-methyl 
compound (XII , R = Me) is isolated as a hydrazine salt, which is readily 
converted into the base. The free base is also obtained directly from (X I, 
R = Me) in 2N sodium hydroxide, but the presence of the methyl group 
appears to be critical for triazole formation in these conditions. The 
compounds (X I, R=i=Me) do not fo rm triazoles in 2N sodium hydroxide. 
Instead they cyclise to I - alkylth.iocarbamoyl - 3 - hydroxy - 5 - imino -
2-pyrazolines (XIII); this is analogous to the formation of 3-hydroxy-
5-imino-2-pyrazoline from cyanoacetylhydrazine (Hepner and Fajcrstejn, 
1937). 

The 3,5-disubstituted-4-amino- 1 ,2,4-triazoles (XIV, R = Me) are 
formed when the nitrites (XII, R = Me) are heated with ethanolic hydrazine 
hydrate. The hydrazine salt of (X II , R = M e) is unchanged in solution, 
but when the compound is heated to its melting point it also forms an 
N-aminotriazole (XIV, R = Me). The various types of compound (X I
XIV) thus obtained are presently being screened for biological activity. 

XVI 

c~r N>.J·C(:N HJNH4.HCI 
4-CH3 CONHC 6H4N :N - CH

3 

xvn 

X\'111 
R = CeH6, C6H.CI(4), CoHoC i a(3, 4), C&HaC12(2, 6), CuH 2C la(2, 4, 5), 
C0 H3CI.N02(4,3), CoHaCl.CHa(3, 4), CoH.OCH a(2), CoH.SCH a(4), 
C8 H4F{4), C 6H 4CF3(2), C 6 H"CFa(3), CG H.CN(4), Ce H.S02NH2(4), 
CaH4NHCOCHa(4). 
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Pyrimidines, Pyrazoles, Pyrazolones 
The synthesis of pyrimidines of type (XV) was continued, None of the 

materials showed activity against the animal tumours used in our screening 
programme. 

The corresponding pyrazoles (XVI) were also made and examined. 
The majority showed no activity in vitro or in vivo. However, compound 
(XVll) was active in vivo against the Ehrlich, P388 and Ll210 tumours. 

The pyrazolone (XVIII) also showed activity. 

We are currently varying the structures of both compounds in an 
attempt to increase activity. Those pyrazoles which are active in vivo are 
inactive in vitro in both the HeLa and bacterial screens. Attempts to 
isolate homogenate-activated metabolities arc in progress. 

Heterocyclic Tetrazolo Derivati1•es 
In a previous report we have referred to the activity of a number of 

tetrazolo-pyridazines, -phthalazines and -quinoxalincs against experi
mental mouse tumours. This activity was generally greatest in those 
compounds which contained a labile chlorine atom in the diazine ring. 
Since sulphinyl- and sulphonyl- groups in some heterocyclic structures 
frequently undergo nucleophilic substitution more readily than do chlorine 
atoms it was decided to examine a number of sulphur-containing deriva
tives of these tetrazole compounds. 

3, 6-Dichloropyridazine reacts with thiourea to yield a bis-thiouronium 
salt which on treatment with alklyhalides in the prese•tce of alkali is 
converted to bis-alkyltnio derivatives in the high yield. On oxidation these 
yielded bis-aJkylsulphonyl derivatives which were subsequently converted 
to hydrazino-monoalkylsulphonyl pyridazines. Treatment with nitrous 
acid then yielded the tetrazolo compound of type (XIX). These c<1mpounds 
had only marginal anticancer activity. 

N-N N-N N-N 

c~ (I (N) ( / N 
N 

I I 
N N 

S02R Cl SR 

XIX XX XXI xxu 

6-Chlorotetrazolo[ l ,5-b]pyridazine (XX) reacts with aryl- or aralkyl
mercaptans in the presence of sodium ethoxide to yield the corresponding 
thio compounds (XX I) which were oxidised to sulphinyl- and subsequently 
to sulphonyl-derivatives. The thio-compounds were devoid of anti
cancer activity but a number of sulphinyl- and sulphonyl- derivatives 
showed high activity against the Ehrlich ascites tumour in mice. These 
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compounds, however, had only marginal activity against the P.388 tumour, 
irrespective of the state of oxidation of the sulphur atom. Identical 
results were obtained with the corresponding derivatives of tetrazolo 
[I ,5-a)pbthalazine. 

In the quinoxaline series 4-cblorotetrazolo[l ,5-c)quinoxaJine (XXII) 
bad high activity against both the Ehrlich and P.388 tumours but re
placement of the chlorine atom by a phenylsulphonyl group yielded a 
compound which was active against the Ehrlich tumour only. This study 
is being continued. 
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GRANT HOLDERS REPORTS 

BIOCHEMISTRY 

Mary E. Beary, MSc., PhD., in collaboration with Miss V. Gestautus, 
BSc. and Miss G. O'Shea, BSc. (H). 

Biochemistry Department, University College, Dublin. 

Phospholipid involvement in the catabolism of androgens. 

Work was continued on the characterisation of the cytoplasmic protein 
which reactivates the steroid hydroxylases of choline-deficient rat liver 
microsomes. This reactivation is not as specific as earlier results had 
indicated. Activity can also be restored by: (1) low concentrations of 
bovine serum alburilln, (2) using a non-ionic buffer (Hepes buffer) in the 
incubation medium, (3) a tenfold decrease in the ionic strength of the 
incubation medium, and (4) lowering the pH of the incubation buffer 
to 5.5. 

These results suggest that the activation may be involved in maintaining 
the integrity of the phosphatidylcholine depleted microsomes. We 
have already reported that preincubation of the partially purified cyto
plasmic protein with Ca + ~ increases the activation, Ca ~ + alone is also 
effective. This activation is concentration dependent and ion specific. 
This result is interesting as it has long been recognised that Ca -'- + occupies 
a central role in the regulation of adrenal steroidogenesis and many 
observers suggest a role for Ca t+ in terms of membrane integrity. 

Work was continued on the enzymatic disruption of microsomal 
phospholipids by in vitro treatment with Phospholipase C. 16a-OH 
androstene dione production is also increased in the treated preparations 
but reactivation is more difficult to achieve. The cytoplasmic protein is 
active in reducing J 6a-OH androstene dione production but only by 
further metabolism via the reductase pathway. Decreasing the ionic 
strength or pH of the buffer, using an non-ionic buffer or incorporating 
Ca + -t ions all fail ed to produce activation. 

The individual phospholipids of the control, choline-deficient and 
Phospholipase C treated microsomes were assayed. The phosphatidyl 
choline (PC) and phosphatidyl ethanolamine (PE) results are given below: 

PC 
PE 

Control 
microsomes 

66.3 
23.0 

% of tbe total phospholipids 
Choline-deficient 

microsomes 
51.5 
34. 1 

Phospholipase C 
treated rillcrosomes 

17.1 
48.6 

Thus differences in the phospholipid pattern may reflect differences in 
the extent to which the hydroxylase activity may be restored. 
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M. J . Carroll, BSc., MA., P hD. 

Biochemistry Department, Trinity College, Dublin. 

Mucopolysaccharide synthesis in the early embryo. 

The nature of the surface of the early mouse embryo is being investigated 
at three stages in its developmen.t: the composition and formation of the 
zona pellucida during the maturation of the oocyte; intercellular adhesion 
during the cleavage stages of growth; zona-shedding and blastocyst 
attachment to the uterus. An in vitro culture system has been employed 
to grow the embryo through the blastocyst stage and to observe hatching, 
attachment and out-growth of the giant trophoblastic cells. 

Phase-contrast microscopy indicated that the zona pellucida of the 
mouse ovum has a bilaminar structure and differential staining suggested 
that the outer and inner layers contain neutral and acidic glycosamino
glycan respectively. Further, it is apparent that the inner layer of the zona 
is the ultimate barrier against excess sperm. Predigestion of fixed ovary 
sections with neuraminidase had no effect on the staining pattern observed 
using Periodic Acid-Schilf reagent, whereas predigestion with chondro
itinase eliminated the staining due to the inner layer of the zona pellucida. 

The admiJlistration of exogenous gonadotrophin not only allows 
synchromy of ovulation, but also shortens the oestrous cycle of the mouse 
from the nonnal 4-5 days to 2- 2! days. lt was not established whether the 
action of the excess hormone contracted the normal period for complete 
maturation of a follicle (3-4 cycles) to a single cycle; or whether follicles 
at various stages of development were differentially stimulated to reach 
the ovulatory type VII follicle at the same time. Histochemical studies 
have now shown that there is a general stimulation of all follicle types 
18 hours after injection of FSH. Those of sufficient maturity (i.e. type Vb 
according to classification of H. Peters (1969) Acta Endocrinol. 15, 374) 
show ovulation. Smaller follicles stimulated by FSH injection show ovula
tion during succeeding cycles or are degraded subsequently. 

M. P . Cougblan, BA., MA., PhD. and D. B. Johnsoo, BSc., PhD., in 
collaboration with Sheamus Keehan, BSc. and Miss M. Conoeely, BSc. 

Department of Biochemistry, University College, Galway. 

Novel Use of Enzymes in Clinical Analysis. The Use of immobilised Enzymes. 

Studies on the immobilisation of urate oxidase (hog liver), of xanthine 
dehydrogenase (turkey liver) and of xanthine oxidase (miJk) were con
tinued. The potential use of such enzymes in clinical analysis together 
with our more academic interest in them, suggested that they might serve 
as models for studies on other enzymes of clinical importance. 

Immobilised preparations of urate oxidase and of xanthine dehydroge
nase were shown to be relatively stable. l n contrast a variety of immobilised 
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preparations of xanthine oxidase were unstable and in no case did im
mobilisation effect an increase in stability over that shown by the soluble 
enzyme. Such preparations included xanthine oxidase bound to hornblende 
(by the silane and CNBr methods), to Sepharose-48 (by the CNBr 
method) and to a hydrophobic derivative of Sepharose-48. Half-life 
values for the activities of various preparations (using different batches 
of native enzyme) ranged from 40 to 265 min. A number of attempts were 
made to stabilise the immobilised enzyme activity or to regenerate lost 
activity. Crosslinkage with glutaraldehyde of xanthine oxidase immobilised 
on hornblende resulted in significant loss of activity depending on the 
concentration of glutaraldehyde used and the length of time of treatment. 
The inclusion of catalase, glycerol or cysteine in the irrigating buffered 
substrate did not enhance the stability of the enzyme immobilised on 
hornblende. Moreover, treatment of samples of the immobilised enzyme 
that had lost activity, with sodium sulphide, or with cysteine or with FAD 
failed to restore activity. 

Commercial xanthine oxidase samples were always unstable but the 
half-life under operating conditions varied from batch to batch. Our 
results suggest that the stability of immobilised preparations are largely 
determined by the stability of the starting material. The commercial 
samples are prepared by a method that involves the use of pancreatin. 
The resulting partial proteolysis of xanthine oxidase may be a significant 
factor in the instability of the enzyme. Such a possibility is under investi
gation. 

Anna F. Doyle, BSc., MA., PhD. 

Department of Biochemistry, Trinity College, Dublin. 

Director: Professor F. G . A. Winder, MA., SeD. 

Mechanism of action of Isoniazid. 

The mycolic acids are a family of long-chain a-branched ~-hydroxy 
acids which are structural components of the mycobacterial cell-wall. 
Isonicotinic acid hydrazide (isoniazid) has been shown to inhibit the 
synthesis of these acids in vivo but as their synthetic pathway is not known 
the mechanism of the inhibition has remained obscure. 

Attempts to obtain in vitro synthesis of the mycolic acids have led to a 
cell-free system being obtained from Mycobacterium bovis BCG which 
synthesises fatty acids of chain length C 16 to C24 as well as some very 
long chain compounds which could be meromycolic acids, i.e. the long 
straight chain part of the mycolic molecule. This cell-free system also 
synthesises compounds which are apparently mycolic acids but which, 
after extensive analysis in the laboratories of A. H. Etemadi in the 
Universite de Paris proved to be unstable. They may be abnormal mole
cules of the mycolic type. 
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The synthetic activity of this cell-free system, as measured by incor
poration of label from 14C- labelled acetate, is influenced by the presence 
of isoniazid, and increasing concentrations of the drug from 0.5 J.lg/ml 
to 50 J.lg/ml increases the magnitude of the effect. While the level of 
incorporation into Cl6 type acids remains relatively unaffected there is 
a reduction in incorporation into acids of the C24 type. This can be as 
much as 50% at drug levels of 5.0 J.lg/ml. There is also a reduction in 
incorporation into the longer fatty acids and into the meromycolic acids, 
though this does not appear at the low drug levels at which the reduction 
in C24 acids occurs. 

The obvious interpretation of these results is that the inhibition of the 
synthesis of mycolic acids by isoniazid takes place by inhibition of elon
gation of the fatty acids to the required chain length for incorporation into 
mycolic acids. The isoniazid might be acting as an acceptor for the elon
gating chain or as an inhibitor of one of the enzymes involved. However, 
until it has been shown that these 24C chain acids are themselves incor
porated into the mycolic acids, which though very likely, is not yet proven, 
a degree of circumspection must be maintained. 

Some experiments to examine the coJUlection between isoniazid treat
ment and nerve degeneration were also carried out. These involved the 
analysis of the lipid fractions of a number of rat brains from control 
animals and animals that had been treated with isoniazid during their 
most rapid period of brain development. No differences could be observed 
between the two types of brain. This might not be conclusive as the analyses 
were on a fairly crude level. 

P. F. Duggan, PhD., DSc., FRIC., FICI., in collaboration with Rosemary 
J acob, BSc. 

St. Finbarr's Hospital and University College, Cork. 

Effects of Ions and Various Classes of Pharmacological Agents on the 
Calciwn Pump System of Muscle and Brain Microsomes. 

Biochemical studies on the calcium transport system of fragmented 
sarcoplasmic reticulum were further extended. The protective effect of 
K +ions against inactivation by heating and the dependence on K + ions 
for tryptic inactivation of the calcium pump protein demonstrate that the 
requirement of such K +ions is due to a conformational change in the 
protein structure. That there is a requirement for K • ions in this system 
which may be absolute is evident from the conversion of the calcium uptake 
versus concentration graph from a very gradual slope in the absence of 
K +to a typical sigmoid curve in its presence. 

As Na + ions are less effective in promoting calcium uptake it is signi
ficant that the faster acting the muscle then the greater is the [Ki)f[Nai] 
ratio which would favour a faster relaxation rate. 
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Differences in the responses to Na + and K ~ may also be related to the 
sudden intracellular release of Ca 2 + ions which occurs on excitation. 
Calcium release experiments from microsomes using a variety of K + / Na + 
ratios are expected to yield useful information in this area. 

Calcium ions play a fundamental role in stabilising nerve cell membranes 
and previous results with muscle microsomes suggest tha t membrane 
anaesthetic agents could so function through this reaction. Consequently 
calcium transport studjes were extended to rabbit brain microsomes. 
Previous reports on the effects of monovalent cations are contradictory 
largely because of the use of varying homogenisation media. By using a 
high concentration of phosphate to trap transported calcium, consistent 
and considerable stimulation of calcium uptake by Na + ions, and less 
so by K + ions, was observed. Catecholamines were also stimulatory 
whereas other neurotransmitters were ineffective. Mutual interactions 
between the calcium and catecholamine transport systems in the presence 
of sodium and potassium ions are being studied. 

Padraig O'Carra, BSc., PhD., in collaboration with Standish Barry, 
BSc., PhD. and Jaoe Watt, BSc. 

Department of Biochemistry, Universi ty College, Galway. 

New approaches to the study of some metabolic oxidoreductase systems. 

(a) Sperm Lactate Dehydrogenase (LDH-X) 
Mammalian spermatozoa contain a unique isocnzymic form of lactate 

dehydrogenase designated LDH-X. In its gross molecular properties this 
isoenzyme closely resembles the well-known H and M isoenzymic forms 
found in other tissues and is difficult to isolate and purify efficiently. We 
have taken advantage of some subtle differences between the kinetic 
properties of LDH-X and the H and M isoenzymes to devise three very 
useful affinity chromatographic systems which now allow us to isolate 
LDH-X in pure form with great efficiency - an important point in view 
of the paucity of source material. We have also developed a new analytical 
method for assaying LDH-X specifically in the presence of the other 
LDH isoenzymes and are in process of developing new methods for 
comparing the X isoenzyme kinetically and structurally with the other 
isoenzymes, with a view to discovering the critical distinguishing feature:: 
that fits LDH-X for its seemingly very specific role in spermatazoa. 

(b) Feto-p/acental Biliverdin Reductase 
As we reported previously, the NA DH/NADPH-dependent reductase 

that catalyses the conversion of biliverdin to bilirubin is present in extra
ordinarily hjgh levels in tenn placenta. We have been investigating develop
ment of the activity in placenta and fetal tissues, particularly liver. Our 
results to date indicate that the activity (in rats) is well developed in both 
placenta and fetal liver by mid-term. This conflicts with earlier reports 
by other workers who suggested that the activity develops in the fetus 
only towards the end of gestation and is completely absent from placenta. 
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We have explained these earlier reports on the basis of defective and 
misleading assay techniques and h,ave proposed a radically-revised view 
of bilirubin production and metabolism in the fetoplacental unit (currently 
in press in a symposium to be published by the U.S. National Institutes 
of Health). 

Professor P. F. Fottrell, MSc., PhD. and G. O'Cuinn, BSc., PhD. 

Department of Biochemistry, University College, Galway. 

Intestinal Peptide Hydro/ases. 

Intestinal peptide hydrolases are responsible for the final stages of 
mammaJjan protein digestion and may also be involved in protein mal
absorption conditions. The objects of these studies are to characterise 
fully the intestinal peptide hydrolases from guinea-pig intestinal mucosa. 
During the year, further studies were carried out on the immunologjcal 
relationships between three peptide hydrolases which were previously 
purified to homogeneity from guinea-pig intestinal mucosa. Despite some 
similarities in kinetic and physical properties the three enzymes were 
immunologically distinct from each other. Further studies were also done 
on the subcellular location of the multiple forms of intestinal peptide 
hydrolases within the enterocytes of the mucosa. One of the peptide 
hydrolases which preferentially hydrolyses dipcptides is located in brush 
borders and cytosol fractions of the mucosa. Our recent studies using 
1 HJ.Jabelled enzyme clearly show that in the case of this peptide hydrolase 
the activity of the enzyme in isolated brush borders is due to adsorption 
of the cytosol during preparation of the brush borders. 

Charles 0. Piggott, BSc., PbD. 

University College, Galway. 

Director: Professor P. F. Fottrell, MSc., PhD. 

Control of Glycolysis in Human Endometrium and Human Placenta. 

The search for a biochemical assay for cancer has centred mainly around 
the detection of foetal antigens in the sera of tumor-bearing patients. 
Among the antigens presently under investigation are a-fetoprotein and 
carcinoembryonic antigen. We have been investigating a placental iso
enzyme of pyruvate kinase which appears in certain tumors. Our approach 
has been to purify the placental pyruvate kinase, develop an antiserum 
against the enzyme and subsequently use a radio-immunoassay to detect 
the isoenzyme in sera. 

A new purification scheme whjch yields highly purified enzyme has been 
developed as follows: washed placenta was extracted using 4 vol. 0.02 M 
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phosphate buffer pH 7.4 containing 2 mM EDTA, 4 mM ~-mercaptoe
thanol and 5 mM MgClt. After centrifugation an ammonium sulphate -
acetone - ammonium sulphate fractionation was performed on the 
supematant. This was followed by a dialysis step and furt her centrifugation. 
The enzyme solution was then applied to a CM-cellulose column (pH 5.2) 
and eluted using a pH gradient from 5.2- 7.6. Lactic dehydrogenase, a 
major contaminant, was removed by passing the enzyme solution through 
a hydrophobic affinity column (diaminohexyl sepharose). The recovered 
pyruvate kinase was then passed through a column of DE-52 cellulose 
(pH 7.8) which bound the remainder of the contaminants. The eluted 
pyruvate kinase was homogenous on polyacrylamide gel electrophoresis. 

A procedure was developed for detecting pyruvate kinase activity on 
polyacrylamide gels. This involved incubating gels with a mixture of 
phosphoenol pyruvate, ADP, hexokinase, glucose, glucose-6-phosphate 
dehydrogenase, NAD, NBT tetrazolium salt and phenazine methosulphate. 
The enzyme showed as a blue band on a colourless background. 

Stability studies showed that the pyruvate kinase could be stored for 
2 months at 4°C in 50% glycerol without losing activity. 

To obtain antiserum, numerous preparations of purified enzyme were 
injected into rabbits. Although antibodies, which cross-reacted with the 
enzyme on immunodiffusion plates, were obtained, they failed to inhibit 
the enzyme in incubation experiments. We are at present investigating the 
cause of this lack of inhibition. 

Patrick J . Quigley, BSc. 

Department of Biochemistry, University College, Dublin. 

Director: Patrick J. Brennan, MA., MSc., PhD. 

An examination of the effects of infection with enveloped animal viruses on 
some carbohydrate-containing components of host cells. 

The work centred on characterising the acid-insoluble glycoprotein-rich 
fraction from normal and herpes simplex virus (HSV)-infected cultured 
cells. When the glycoproteins from normal cells, grown in the presence of 
•H-labelled galactose, were digested with the proteolytic enzyme Pronase 
and the soluble products separated on a Sephadex G-50 column, two major 
fractions were obtained, one excluded by the gel (fraction l ) and the other 
of low molecular weight (fraction 2). Both fractions were virtually absent 
from HSV-infected cells. In addition, whereas most of the acid-insoluble 
radioactivity of normal cells had been transformed into glucose, HSV
infected cells retained the bulk of the label in galactose. 

Fraction I probably arose from proteoglycan since it is largely anionic 
and it contains sulphate and amino sugars as well as uronic acids. Fraction 
2 obtained from normal cells labelled with uc.galactose and 3 H-amino 
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acids was further resolved by a combination of Sephadex G- J 5 gel filtration 
and paper chromatography into four glucopeptides. These were unusual, 
not alone in the presence of glucose, but also in an amino-acid composition 
which contains high amounts of proline (60% of total amino acids) 
lysine, glycine and threonine (20% for the combined three). 

Since the glycoprotein from whence these glucopeptides arose is not 
synthesised in the infected cells it may have a role in the early HSV 
infection process. In addition another feature of early HSV infection 
appears to be inhibition of proteoglycan (mucopolysaccharide) synthesis. 

John M. Scott, BSc., MA., PhD., in collaboration with Donald G. Weir, 
MD., FRCPI. 

Departments of Biochemistry and C)jnical Medicine, Trinity College, 
Dublin. 

The absorption and metabolism of folate in man and other mammals. 

In all cells whether mammalian, bacterial or plant the folate cofactors 
present exist attached to polyglutamyl chains. It is known that the in
ability to form such conjugates with the vitamin is incompatible with life 
but very little else is understood about the function or biosynthesis of 
these structures. 

Using methodology developed in this laboratory we have studied the 
biosynthesis of the folate polyglutamates in different mammalian and 
bacterial cells. We have established that in most mammalian systems 
conversion of the transport form, which is always a monoglutamate, is 
rapid into the folate penta- and hexa-polyglutamates. 

In this study we have examined the further equilibration of the vitamin 
and have found that its accumulation shifts into the hexaglutamate and 
to a lesser extent the heptaglutamate with increased time. It has frequently 
been suggested by ourselves and others that the function of the folate 
polyglutamates lies in the control of nucleic acid biosynthesis. To this end 
in these studies we looked for alterations in the polyglutamate pattern 
during times of rapid development when nucleic acid metabolism would 
be greatly increased. 

We have now examined the folatepolyglutamate distribution of the 
chick and the mouse from one week to maturity. In all instances the 
pattern was found to be identical to the fully mature animal showing 
mainly penta- and hexapolyglutamates with some hepta- also present. 
These findings make it unlikely that the folatepolyglutamates are storage 
forms being deconjugated to participate in biochemical reactions and 
suggest instead that the penta-, hexa- and hepta- conjugates are in fact 
the forms actually used by the cellular enzymes. 
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Honor Smytb, MSc., P hD., in co!Jaboration with Antonia Corrigan and 
Declan FarreJJ (supported by the Irish Cancer Society). 

Department of Biochemistry, University College, Dublin. 

Effects of Enzymatic Modification of Tumour Cell Surfaces. 

(a) Vibrio cholerae neuraminidase ( VCN) 
Exposure of tumour cells to VCN can cause their immune rejection by 

the host. This was first shown by Currie & Bagshawe using Landschutz 
ascites tumour in A2G ntice. As the mechanism is not yet understood, we 
planned to examine cellular and humoral immunity in host mice (Scho
field albino in-bred) inoculated with VCN-treated Landschutz tumour. 
Despite optimal removal of sialic acid by the enzyme and inoculation of a 
wide range of these altered cells, the expected rejection of tumour did not 
occur. The experiments will be repeated using other mouse strains, 
including A2G. It may be that the rejection effect found by other authors 
is not exclusively dependent on tumour sialic acid depletion but also 
involves host factors. 

(b) Proteolytic enzymes 
There is mounting evidence that decreased viscosity of the membrane 

lipid region, probably due to a reduction in cholesterol, is central to many 
of the cell surface alterations associated with malignancy. Since this 
property controls the movement of receptor sites which occurs during 
agglutination, analysis of membrane lipid changes could help to explain 
phenomena such as the increased agglutinability of cells after proteolytic 
treatment. 

We found that mild proteolysis increased the agglutinability of Land
schutz cells towards specific (rabbit) antiserum. Antibody binding studies 
showed that this was not due to unmasking of extra receptor sites. The 
only lipid change found was a small but significant release of membrane 
cholesterol. lf this cholesterol loss is extensive enough to affect viscosity, 
it could explain the effects of proteases on cellular agglutinability. T his 
possibility is being tested. It is not known how tryspin and brinase release 
cholesterol. The effect may involve the activation of intracellular lysosomes 
which we have shown to occur under similar conditions. 

CLINICAL MEDICINE 

Edmund Bourke, MD., MRCPI., FRCP., in collaboration with J . CosteUo, 
PhD. 

T.C.D. Department of Clinical Medicine, Meath Hospital, Dublin. 

Studies in Oxalate Metabolism. 

An enzymatic method for the determination of oxalic acid was developed 
in our laboratory. Oxalate.decarboxylase is coupled with NAD + requiring 
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formate dehydrogenase and the result recorded spectrophotometrically. 
Accurate determinations can be carried out either on urine or a citrate 
extract of urine. Previous workers noted the instability of oxalate in urine. 
Using the citrate extract procedure the urinary samples can be stored for 
at least 3 months without any effect on the oxalate content. 24-hour 
oxalate excretion in healthy volunteers was 25.9 mgi S.E., 1.44. 

The method has been adapted for serum oxalate determinations. Fol
lowing ultrafiltration oxalate is precipitated by the addition of ethanol 
and calcium sulphate. The precipitate is extracted in citrate buffer and 
assayed similarly to urine. The normal serum oxalate is 240-260 J.lg/100 ml. 

Edmuod Bourke, MD., MRCPI., FRCP., in collaboration with Miss 
Marguerite Hatch, BSc. 

T.C.D. Department of Clinical Medicine, Meath Hospital, Dublin. 

Studies on the Pathogenesis of Bartter's Syndrome. 

A family has been screened in whom 5 siblings have normocalcaemic 
tetany. The main features were hypokalaemia, hypomagnesaemia, 
hyperreninaemia, high plasma angiotensin 11 concentrations and normal 
blood pressure. Other findings included hyperlipidaemia, hypocalcinuria, 
hyperuricaemia. The features are those of Bartter's Syndrome. A radio
immunoassay for plasma renin activity has been established in our labora
tory based on the method of Cohen et a1 ( J. Lab. Clin. Med., 77, 1025, 
1971). The normal range is 1.5 -4 ng/ml/hr. in the upright position and 
0.2-l.S ng/ml/hr. in the supine position. In the patients with Bartter's 
syndrome plasma renin in the supine position ranged from 9- 12 ngfml/hr. 

J ames G. Devlin, MD., FRCPI., in collaboration with V. Par.lmeswarao, 
MSc. 

Endocrine/ Metabolic Unit, Saint Laurence's Hospital, Dublin. 

Study Report on Work of Year 1975 

We have reported that monocomponent insulin has low immunogenicity 
in man in this country. A more detailed study to characterise the anti
bodies was undertaken in sera of patients that showed any signs of a 
significant immune response. The objective was to see whether they had 
the two populations of antibodies - vis. Ak1 and Ak2 - as postulated by 
Berson and Yalow. Studies on sera from 11/42 patients were completed 
and the results show a predominance of Ak2 type antibodies as compared 
with Ak1 type antibodies: mean Ak1 - 0.69 x JQ-1 0M/ L, mean Ak2 -

1.30 x 1Q-10M/ L. As only Ak1 type antibodies have been shown to cause 
high insulin requirements and insulin resistance, the lower incidence of 
Ak1 explains the absence of these complications in our panel of patients. 
Antibody levels were too low with the remainder to perform this study. 
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In a group of 20 patients a preferential binding study of antibodies with 
Beef tracer insulin and Pork tracer insulin established a higher specific 
binding to Beef tracer than to Pork in 8 patients. Mean percentage Beef 
binding was 67 % and mean percentage Pork binding was 53 %. The 
difference in binding is not significant yet (p - > 0.05 and < 0.1 ). M ore 
data will be added. 

A study to investigate whether non-monocomponent insulin treated 
patients register a change in antibody and total immunoreactive insulin 
levels when changed over to pure monocomponent insulin is under 
progress. Also an investigation on insulin resistance in a few patients will 
be attempted. 

A study of endogenous insulin secretion in response to an oral GlT in 
16 monocomponent treated patients was carried out to see whether there 
was any residual B cell activity. Only 4 out of the 16 patients studied 
showed any evidence of such activity. The investigation is being completed 
in as many patients as possible. 

In an effort to understand the recent interest in suggesting auto-immunity 
and Cell Mediated immunity (CMI) in diabetes, a few in vitro experiments 
were done. First, 23 patients' sera were examined for organ specific 
auto antibodies by the indirect immunofluorescence technique screening 
for microsomal and colloidal thyroid antibodies, gastric parietal cell 
antibodies, smooth muscle antibodies, mitochondrial and nuclear anti
bodies. 

Out of the 23 patients screened, 11 were positive - an incidence of 45 %, 
suggesting a high level of auto antibodies in diabetes. 

Human pancreatic extract was employed as antigen to see whether by 
the leucocyte migration test, any CM I could be detected. Of the 17 patients 
investigated 7 were ve. This test when done with Pro insulin as the antigen 
revealed no CMI. It is also proposed to try out Arginine insulins and 'a' 
component - a pancreatic bulk protein - which cross-reacts with insulin 
antibodies. 

Clinical skin testing will be performed on monocomponent insulin 
treated patients to check for classical delayed hypersensitivity. 

Conleth Feigbery, MB., MRCPI. 

Sir Patrick Dun's Hospital and Trinity College, Dublin. 

Directors: Professor D. G. Weir, MD., FRCPL and J . F. Greally, MB., 
MSc. 

A study of humoral and cell mediated immunity in the pathogenesis of 
autoimmune liver disease. 
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Liver specific protein (L.S.P.) appears to be a target antigen in auto
immune liver disease. Other workers have shown that such patients react 
positively to L.S.P. using the migration inhibition test and a cell-mediated 
cytotoxicity test. 

The blast cell transformation test is a further tool used in the study of 
cell mediated reactions. A highly sensitive and reproducible lympbocyte 
microculture technique has been developed in our laboratory. 10 patients 
have been studied so far, and none have shown sensitivity to L.S.P. in 
culture. Two immunised rabbits were similarly studied. They reacted 
positively to L.S.P. in pure, semipure and impure forms. This result 
seems to indicate that the 10 patients were genuinely insensitive to ~.S.P. 

Migration inhibition tests were performed on three immunised rabbits. 
All reacted positively. 

The Ouchterlony counter-electrophoresis and haemagglutination tech
niques have been used in the search for antibodies to L.S.P. Twenty patients 
studied thus far have given negative results. 

Six New Zealand white rabbits were immunised with L.S.P. and 
Freund's complete adjuvant. Five developed lymphocyte collections in the 
portal tract area; the sixth died with acute centrilobular necrosis. A 
control group of six rabbits, inununised with deer serum and Freund's 
incomplete adjuvant was obtained. This group showed similar liver lesions, 
which in two was more marked than the L.S.P. injected group. The L.S.P. 
induced lesions cannot therefore be ascribed to a specific liver protein 
effect. 

Much has been learned about the biochemical stability of L.S.P. 
It has been shown to be stable in a wide range of buffers and at various 
pH changes. It is also possible to lyophilise the antigen. 

Electron microscopy of L.S.P. shows it to consist of small pieces of 
cell membrane. Thus the original description, stating it to be a soluble 
lipoprotein is inaccurate. 

The above results are at a preliminary stage and require further in
vestigation before firm conclusions can be drawn. 

Olivcr FitzGerald, MD., MSc. 

Department of Medicine & Therapeutics, University College, Dublin. 

Studies on the isolated perfused canine pancreas. 

A study of the action of ethanol and of its metabolite acetaldehyde 
was made on the totally isolated haemoperfused canine pancreas. 

A relationship between alcohol intake and pancreatic disease is well 
documented. Acetaldehyde, a metabolite of ethanol, is more cytotoxic 
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than ethanol and as yet has received very little attention in relation to 
any role it may have in pancreatic disease. Many studies on the action of 
ethanol on the pancreas have been conducted by intra gastric feeding of 
ethanol. Effects of ethanol on the pancreas have been found to be mediated 
through the action of the injested alcohol on the stomach. By the use of 
the totally isolated pancreas the action of ethanol may be studied without 
the mediation of other organs. 

Experiments were carried out on the totally isolated haemoperfused 
canine pancreas. When ethanol was infused into the unstimulated gland 
or into the gland stimulated with a low dose of Secretin (I u Boots 
Secretin/hr.) there was no effect on the gland. When the gland was stimula
ted with a higher dose of Secretin {4 u or 6 u Secretin/hr.) ethanol in
creased the output of the gland . This stimulation was evident at modest 
infusions of ethanol, 2 mgjmin. into a blood flow of 40 ml/min. 

Acetaldehyde caused a decrease in the exocrine furlction of the stimu
lated gland. Very low doses of acetaldehyde (5 mg/ hr.) caused this effect. 
Changes in the macroscopic appearance of the gland were evident at the 
same time as the functional change. The pancreas became oedematous 
and areas of haemorrhage developed and coalesced until they involved 
the entire pancreas. 

It appears that ethanol and acetaldehyde produce different effects on 
the isolated pancreas. Acetaldehyde appears to be a more toxic substance 
and to have the potential to constitute a major factor in the development 
of alcoholic pancreatic disease. 

0. FitzGcrald, MD., MSc., FRCPI., FRCP., C. McCarthy, MD., 
FRCPI., FRCP., M. Whelton, MD., FRCPI., MRCP., D. G. Weir, MD., 
FRCPL, in collaboration with A. Twomey, MB., A. M . Gilmore, M.B., 
P. McKiernao, MRCPI., P. Daly, MRCPI., M. Kennedy, SRD. 

St. Vincent's and Sir Patrick Dun's Hospital, Dublin. The Regional 
Hospital, Galway. St. Finbarr's Hospital, Cork. 

Comparison of the effects of Alcochol 011 the liver ;, l re/and and United 
States of America. 

The incidence of cirrhosis of the liver in Ireland is considerably lower 
than in the U.S.A. Possible explanations of this difference are a lesser 
intake of alcohol in Ireland, intake of a different type of alcohol, or if 
the intake and type of alcohol ingested are similar, a resistance of Irish 
livers to the harmful effects of alcohol. To examine these possibilities, a 
combined lrish/U.S.A. study is being carried out. The American part of 
the study is organised by Professor A. M. Connell, MD., FRCP., Univer
sity of Cinncinatti. 

The information obtained from the study will include the following: 
(a) The quantity and type of alcohol ingested together with the calorie 
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and food intake in a section of the routine admissions to hospitals 
in Ireland and the U.S.A. 

(b) The amount of liver disease produced by a given quantity of 
alcohol. 

(c) The type of liver disease produced by alcohol in the U.S.A. and 
Ireland. 

Patients in three categories are studied: 

I . All patients admitted to designated units in the above mentioned 
hospitals. Alcohol and dietary intake is estimated, liver function 
tests are done and those patients with abnormal tests are further 
investigated. 

2. Patients admitted to the centres and whose Jiver function tests are 
abnormal. 

3. Patients who, for any reason, have a liver biopsy performed. The 
case records of those patients whose livers were examined at 
autopsy were also examined. 

Some initial results of alcohol intake by patients admitted to the I rish 
Centres is shown in Table 1. 

Preliminary analysis of protein and calorie inta ke indicates that it is 
below the recommended intake in the heavy drinkers. Liver biopsies in 
128 of the patients (Group 1, 2 or 3) show alcoholic hepatitis in 33, 
cirrhosis in 23 and fatt y change only in 7. 

A cknow/edgemellls: 
The valuable and very considerable assistance of the bistopathologists 

in Dublin, Cork and Galway is gratefully acknowledged. 
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Denis A. Fitzpatrick, PhD. 

Department of Medicine & Therapeutics, University College, Dublin. 

Director: K. F. McGeeney, MSc. 

A study of methods of stabilising urate oxidases against proteolytic digestion. 

An earlier imJl!unological study had shown that urate oxidases of 
different origin differed in their physical properties. The susceptibility of 
unmodified enzyme from some of these sources, to proteolytic digestion 
was determined thus; urate oxidase (2 i. uruts, 0.65 mg protein) in 2.0 ml 
of buffer was equilibrated at 37°C, 0.1 ml of proteinase added and the 
uricolytic activity was monitored over 24 hrs. Two exopeptidases and 
three endopeptidases were used. Some variation in the stability of the 
urate oxidases was observed (table) but in general these were not as 
extensive as the immunological differences previously observed. The 
mammalian enzymes were more stable than the microbial urate oxidases, 
particularly to trypsin and chymotrypsin digestion. Further studies were 
therefore confined to pig Jiver urate oxidase. 

In an attempt to increase the resistance of this enzyme to proteolytic 
digestion it was modified with reagents specific for the amino acids a rginine 
and lysine. In addition it was treated with the nonspecific bifunctional 
reagent glutaraldehyde. Cyclobexanedione and butanedione trimer both 
caused extensive loss of enzyme activity even at low concentration (0.1 mg 
cyclohexanedionefmg protein caused 77 % inactivation after 16 hours). 
Similarly acetylation and acylation with acetic and succinic anhydride 
respectively resulted in loss of activity. In the presence of urate inactivation 
still occured but was not as extensive. It became apparent that the active 

PERCENT URATE OXIDASE ACTIVITY REMAlNLNG AFTER 8 HOURS 
DIGESTION 

Leucine 
Carboxy- Amino Chymo-

Protease Control peptidase peptidase Elastase trypsin Trypsin 

Urate Buffer 0.08 M 0.08 M O.OS M 0.02 M 0.05 M 0.05 M 
oxidase PhosphatePhosphate TRIS Borate TRIS TRlS 

pH 7.5 pH 7.5 HC1 pH pH 8.8 HCJ pH HC1 pH 
8.5 8.0, 0.1 8.0, 0.01 

M CaCJ2 M CaCl z 

Pork Jiver 108 101 107 104 49 65 

Dog liver 100 96 100 99 33 0 

Aspergillus 
flavus 95 103 96 90 0 0 

Candida utilis 84 87 92 55 0 0 

Bacillus 
fastidiosus 98 81 85 36 0 0 
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centre of the molecule possessed a group or groups which were highly 
reactive towards reagents which reacted with amino groups any modi
fication of these groups resulting in inactivation. 

An alternate method of preventing proteolytic digestion of an enzyme 
is by physical entrapment within small pore particles. Microencapsulation 
within nylon capsules is known to inactivate urate oxidase so instead 
preparation of enzyme were entrapped in polyacrylamide gel. In contrast 
to results obtained with methylacrylate gel, this procedure did not raise 
the optimum pH of the enzyme. Studies are continuing on the entrapped 
urate oxidase. (See Table opposite page) 

Professor P. B. B. Gatenby, MD., FRCP!., FRCP., FRCP.ED(h.c.), 
FACP(h.c.), in collaboration with Professor Edmund Bourke, MD., 
MRCPI., FRCP(Edin.), and Peter Brown, BSc. 

Department of Clinical Medicine, Meath Hospital, Dublin. 

Measuremem of Erythropoietin Excretion in Haemato/ogica/ Disease. 

Further studies of the erythropoietin bioassay have shown it to be 
reproducible over a twelve month period. The log dose response regression 
has a slope range of 9.69 - 13.13. The pattern of erythropoietin excretion 
in normal persons, and in patients with anaemia and polycythaemia, has 
been confirmed and enlarged. Elevated levels in haemolytic anaemia were 
shown to fall to non-detectable levels after splenectomy, with remission 
of the anaemia. Elevated levels in leukaemia (43 units/day) rose even 
further ( > 800 units/day) following treatment with androgens, with 
improvement of the anaemia. An extract of a testicular tumour from a 
patient with polycythaemia showed significant erythropoietin activity, 
although the 24 hour excretion of erythropoietin was low. 

Erythropoietin excretion in the anaemia of chronic disease was studied 
in four patients with anaemia secondary to carcinoma of the lung. All 
four had non-detectable levels of erythropoietin at the beginning of the 
study. After treatment of the tumour with radiation three of the patients 
showed slight but insignificant rises in erythropoietin output, coupled with 
a small increase in haemoglobin, while the fourth showed a sudden in
crease in erythropoietin to values greater than normal (12 units/day), 
followed by a marked improvement in haemoglobin (10.9 G/dl - 12.8 
G/dl) and comcomitant decline of erythropoietin to normal levels 
(approximately 1 unit/day). 

Phyllis Mooney, BSc., PhD. 

Department of Gastroenterology, Regional Hospital, Galway. 

Director: Professor C. F. McCarthy, MD., FRCPI., FRCP. 

Enzymatic and histological studies on biopsies of human gastric mucosa 
in relation to gastritis, ulcer and intestinal metaplasia. 
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This project was undertaken with a view towards seeking a quantitative 
correlation between the activities of four enzymes and a wide range of 
histological changes in the human gastric mucosa. The enzymes chosen 
for study were three types of ATPases, (Mg, NaK and HC03stimulated 
ATPase) and alkaHne phosphatase. 

Methods: 
Gastric biopsies were taken during routine endoscopies from sixty

four unselected patients with dyspepsia or upper gastrointestinal bleeding. 
The biopsies were taken from standard defined sites in the stomach and 
duodenum. Three specimens were taken from neighbouring sites in the 
stomach. Two were placed in formalin for histological examination and 
the other was sealed in parafilm and stored at - 20°C for enzyme assays. 
The biopsies were graded rustologically by Dr. M. P. G. Little, Consultant 
Pathologist. Biopsy homogenates were used for enzymatic analyses. A 
method was developed for the micro-assay of A TPases in biopsies which 
had a low protein content of 0.15 to 0.5 mg/ml homogenate. 

Results: 
Trurty-three per cent of the patients studied had histologically normal 

biopsies, 21 % bad moderate gastritis, 25 % showed severe gastritis and 
20% had atrophic gastritis with intestinal metaplasia. 

Initially, the range and distribution of the three ATPases and alkaline 
phosphatase was ascertained in the normal human gastric mucosa. Mg 
and NaK stimulated ATPase levels increased significantly (p < .05) with 
the appearance of moderate and severe gastritis in the pylorus and antrum. 
Biopsies from the body and fundus, with intestinal metaplasia and 
atropruc gastritis had significantly higher NaK ATPase (p < .02) and 
lower HCQs ATPase (p < .05) activities than histologically normal 
biopsies. The properties of alkaline phosphatase in biopsies with intestinal 
metaplasia were different to the alkaline phosphatase in normal gastric 
and intestinal mucosa. Two types of HCQa ATPase were found in the 
normal human stomach - one in the fundus and the other in the pylorus. 
Reactions of this enzyme from both sources to selected inhibitors indicated 
that the ATPase in the fundus was involved in gastric acid secretion, and 
that the pyloric ATPase was mitochondrial in origin (Table 1). 

TABLE I 

Effect of inhibitors on HC03 ATPase from normal fundic and pyloric 
mucosa. 

Inhibitor 

NaCNS 
Atropine 
Acetazolamide 
Oligomycin 
Ouabain 
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% inhibition of HC03 ATPase 
Pylorus Fundus 

12.6 
6.2 
2.4 

68.0 
18.4 

62.5 
48.3 
32.5 
10.5 
6.2 



.02 m1. inhibitor was added to the assay medium prior to incubation. 
Cones. of inhibitors: NaCNS, 10-2M; Atropine, I0-7M; Acetazolamide, 
10-'M; Ouabain, l0-4M; Oligomycin, 10-'M. 

In conclusion, results of this study indicate that variations in A TPase 
levels in human gastric mucosa are sensitive indicators of gastric epithelial 
disease. 

Risteard Mulcahy, MD., FRCP., FRCPI. 

Cardiac Department, St. Vincent's Hospital, Dubl in. 

Determinants of long-term prognosis in patients with coronary heart disease. 

The long-term object of our work is to determine the factors which 
affect survival in patients with established coronary heart disease. This 
includes the influence of initial characteristics at the time of the first 
heart attack as well as the effect of medical treatment, including long-term 
exercise programmes and risk factor intervention. We are aiming to 
compare the progress of our patients with those treated by more con
ventional means, such as beta-blockade or bypass surgery. 

Six hundred and seventy male and 170 female survivors of a first 
coronary attack under 60 years are included in our follow-up study. 
During 1975 we were able to report a reduction of 50% in mortality 
over a five-year period amongst patients who had stopped or substantially 
reduced their cigarette consumption. This represents a degree of benefit 
which cannot be claimed for any other form of intervention. So far we 
have shown no obvious benefit in relation to hyperlipidaemia or hyper
tension control. We showed that the severity of the initial attack influenced 
prognosis but no other initial factors appear to be important. 

Amongst 471 male patients followed for two years 36 % suffered from 
post-infarction angina. This residual complication does not influence 
subsequent mortality but significantly increases the risk of further non
fatal coronary attack. These patients, of whom the majority receive no 
drugs and none had bypass surgery, had a return to work rate of 90 % 
and a 2-ycar mortality rate of 7 %. Only four were considered to be dis
abled by their angina. 

Our results so far are consistent with the contention that, among patients 
with post-myocardial infarction angina subjected to exercise programmes 
and risk factor intervention, beta-blockade and bypass surgery may be 
indicated only in a small minori ty of cases. The indications for bypass 
surgery in these cases remain to be determined. 

Professor F. P. Muldowney, MD., FRCP{Ed). 

Metabolic Unit, St. Vincent's H ospital and Department of Medicine, 
University College, Dublin. 

Nell'er techniques in the evaluation of clinical disturbances of calcium 
metabolism and renal tubular function. 
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Objectives: 
The techniques of intestinal 4 'Ca absorption tests and plasma 25-0H 

cholecalciferol measurements have been established in the department 
during the past year. 47Ca absorption is being measured according to the 
single-day technique of Chanard, combining intravenous followed by oral 
administration of the isotope with mathematical separation of the plasma 
disappearance curves. 

Findings: 
Preliminary results on groups of normal subjects and patients with 

renal stone are being prepared. Measurement of the vitamin D metabolite 
has been established using a competitive protein binding assay. Results 
to date indicate satisfactory repeatability of the assay, and values have 
been found to be low in patients with dietary osteomalacia, subsequently 
rising significantly with oral vitamin D therapy. 

Conclusions: 
These techniques are now suitable for application to problem cases of 

metabolic bone disease and to a renal stone population. Such measure
ments are currently in progress. We hope particularly to combine these 
results with previously established techniques for measurement of plasma 
parathyroid hormone by radio-immuno-assay and ionised calcium fraction 
by flow-through electrode. 

Mary D. O'Donnell, MSc., PhD. 

Department of Medicine & Therapeutics, University College, Dublin. 

Director: K. F. McGeeney, MSc. 

Regulation of Polysaccharide Digestion in Man. 

Naturally occurring inhibitors of human salivary (S) and pancreatic (P) 
a-amylase were shown to occur in wheat, rye and other cereals. The 
inhibitors present in wheat (Triticum aestivum) were investigated primarily 
to elucidate their role in carbohydrate digestion. Four inhibitors of both 
S and P amylase were separated from an alcohol extract of wheat by 
ion-exchange chromatography on DE52-cellulose. One of these inhibitors 
has been purified further and is 100 times more specific for S than for 
P-type amylase. The detailed method for the purification of this inhibitor 
is in press. This greater specificity for one enzyme than the other facilitates 
its application to the analysis of mixtures of the two enzymes. Mean P/S 
ratios ( ± S.D.) for 32 control sera were 2.29 ± 1.03. Calculated mean 
amylase values ± S.D. (I.U./ 1) were 100 ± 36 (pancreatic) and 51 ± 26 
(salivary). Serum P/S ratios greater than 5 were found in acute pancreatitis. 
Low values ( < I) were evident in 4 adults with a history of pancreatic 
insufficiency and 4 children with cystic fibrosis. While the total serum 
amylase was within normal limits in these 8 subjects the low P/S ratio 
was due to low serum pancreatic amylase levels relative to the control 
group, 28 ± 14 (l.U. ± S.D.) (p < 0.0005). Low P/S values ( < I) were 
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also evident in 14 cases of clinical mumps sera due to elevated S levels. 
The renal clearance of both enzymes relative to creatinine in 9 control 
subjects indicates that pancreatic amylase is cleared 1.8 times faster than 
is the salivary enzyme The results obtained are in agreement with those 
obtained by other authors using electrophoretic or chromatographic 
methods. 

The use of this inhibitor provides a rapid and non-invasive screening 
test which may facilitate differential diagnosis of suspected diseases of 
the exocrine pancreas and salivary glands. It may be a particularly useful 
aid in studying the extent to which salivary amylase contributes to the 
intestinal digestion of starch in man. 

Dr. James P. O'Regan, MB., MRCP., in collaboration with Professor 
D. J. O'Sullivan, MD., FRCP., FRCPI. and Dr. S. R. Bloom, Royal 
Postgraduate Medical School, London. 

St. Finbarr's Hospital, Cork. 

Director: Professor D. J. O'Sullivan, M.D., FRCP., FRCPI. 

Studies in Glucagon Metabolism. 

The role of glucagon (pancreatic) in the aetiology of diabetes mellitus 
and in different clinical situations in diabetes has not heretofore been 
fully elucidated. The objectives of the research are to study glucagon 
levels together with blood sugar, urinary glucose, and other parameters 
of diabetic control (!) in uncomplicated diabetes before and after treat
ment has been initiated; (2) in acute diabetic emergencies, and (3) in 
"difficult" diabetes i.e. brittle diabetics where control is difficult to achieve 
and wide swings in blood sugar levels are known to take place on a standard 
Insulin regime. Here it had been hoped that the introduction of highly 
purified lnsulins (monocomponent) might eliminate many of the problems 
of brittle diabetes. 

Blood glucagon levels together with other metabolic investigations are 
being studied in (1) untreated uncontrolled diabetics and subsequently 
when satisfactory control is achieved and when a stable state has been 
reached; (2) in diabetic ketoacidosis and hyperosmolar non-ketotic 
diabetic coma; (3) in brittle diabetes with particular reference to its control 
with monocomponent Insulin preparations. 

(I) Forty-two newly diagnosed diabetics had glucagon profiles together 
with blood glucose profiles and 24 hr. urinary glucose levels carried out 
before treatment was begun, as soon as control of diabetes was achieved, 
and subsequently at one and three month intervals after the diagnosis of 
diabetes mellitus had been made. All newly diagnosed diabetics admitted 
to the unit were investigated so that Insulin dependent diabetics as well 
as those on oral therapy and diet only were studied. 
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(2) Sixteen patients with diabetic keto-acidosis or hyperosmolar non
ketotic diabetic coma were investigated beforec and during treatment with 
a small dose Insulin regime. They were further studied when a stable 
state had been achieved. 

(3) Twenty-five brittle diabetics whose control on a variety of Jnsulin 
preparations was unsatisfactory, had blood glucagon, blood and urinary 
glucose levels estimated under standard conditions on their old regime. 
They were then transferred to a monocomponent Insulin or a combination 
thereof. Similar studies were carried out when what was regarded as 
optimal control was achieved and subsequently at one and three month 
intervals. 

The studies are ongoing but are now almost completed. 1l is hoped that 
results from all three groups will be to hand by the end of April, 1976. 
when the findings in the three groups will be reported and published. 

John Ryan, MB., BCh., BAO. 

Metabolic Unit, St. Vincent's Hospital & Department of Medicine, 
University College, Dublin. 

Director: Professor F. P. Muldowney, MD., FRCP(Ed). 

Aetiology of hypercalciuria in renal stone-forming subjects. 

Objective: 
Recent work in this department has shown that in some patients with 

idiopathic hypercalciuria (IH) the serum ionized calcium and parathyroid 
hormone (PTH) levels have been elevated while the mean serum total 
calcium was within normal limits, thus leading to a diagnosis of 
" normocaJcaemic" primary hyperparathyroidism. We set out to define the 
mechanisms ofhypercalciuria in so-called I. H. and to define the diagnostic 
criteria for the separation of I. H. from masked or "normocalcaemic" 
hyperparathyroidism in stone-forming subjects. 

Methods: 
Patients presenting to the hospital with renal stones and hypercalciuria 

were studied. Hypercalciuria was defined as a urine calcium of over 300 
mg/24° in a male or over 250 mg/24° in a female. 

To date 20 patients and 6 normal subjects have been studied using a 
standard oral calcium loading technique. Eleven patients with I. H,. 
2 with nephrocalcinosis, l with renal tubular acidosis, 3 with primary 
hyperparathyroidism, l normocalciuric stone former and 2 with hypo
parathyroidism have been studied in this way. 

Eleven patients and 7 controls have been studied by a fractional calcium 
absorption test using intravenous and oral does of 47Ca isotope. (5 
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patients with l. H., 3 hyperparathyroid, 2 hypoparathyroid and 1 normo
calciuric stone former) . 

Results : 
Using the oral calcium load technique we have shown a significant rise 

in serum total and ionised calcium in the I. H. group. Serum calcium does 
not rise significantly in controls. Fasting urine calcium levels were signi
ficantly higher in I. H . patients than in controls. Urine calcium rose afler 
the load in both groups but the difference was not significant. 

As yet we have not defined our normal range for fractional calcium 
absorption but preliminary da ta would suggest that only one patient with 
I. H. had an increased absorption of calcium. 

Conclusions: 
Calcium loading is a useful aid in the diagnosis of I. H. but is not a 

d iagnostic test for the condition. Results of serum PTH and serum vitamin 
D levels in patients during calcium loading are awaited and it will be 
necessary to correlate these with our fractional calcium absorption studies 
before any conclusions as to the mechanisms involved in I. H. stone 
formers can be reached. 

Addendum: 
During the year we have become interested in the problem of a nt i

convulsant osteomalacia and the possibility that anticonvulsant drugs 
interfere with PTH activity and vit D metabolism in the kidney. Two 
patients on these drugs were studied by parathormone infusion and we 
hope to publish these resul ts later in the year. 

A. W. S. Watson, BSc., MSc., MIBiol. 

National College of Physical Education, Limerick. 

Factors influencing physical II'Orking capacity and body composition of 
Irish adolescents. 

The objectives of the investigation are: to establish norms fo r the 
strength, body composition and physical working capacity of Irish adoles
cents aged 12 to 18 ; to investigate the factors influencing these variables 
in such subjects. In particular, the investigation seeks to detem1ine the 
etlects of various Levels o f habitual ac tivity on the physical working 
capacity and % fat of adolescents. 

In order to obtain a representative sample of subjects the majority of 
measurements have been made in schools, rather than the laboratory. 
Percentage of fat has been estimated from measurements of skinfold 
thickness on four standard sites using regression equations developed for 
subjects of this age. Physical working capacity (PWC) has been determined 
as PWC1 ,o from the heart rate response to three intensities of exercise 
on a mechanically braked bicycle ergometer. Strength and motor ability 
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have been measured using standard tests, and a large number of anthro
pometric measurements were made on each subject in addition to the 
collection of data of a social nature. To date, measurements have been 
taken on 650 subjects. 

Initial work: was concerned with establishing the reliabiljty of the tests 
under the conditions of the investigation, and making comparisons with 
laboratory determinations. 

Preliminary results indicate that the PWC of lrisb adolescents is related 
to body size and the level of habitual activity. It is also related to strength, 
motor ability and a number of social and environmental factors, not 
studied by other workers. There is Little evidence of any relationship 
between PWC and % of fat or body shape. A preliminary analysis of 
results suggests that body composition is largely unaffected by the factors 
influencing PWC. This contrasts with several previous investigations 
where a negative association between % of fat and the level of habitual 
activity has been found. 
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Micbael J. Whelton, BSc., MD., FRCPI., MRCP(London), in collaboration 
with C. O 'Leary, BSc., A. Twomey, MB. and B. Mee. 

St. Finbarr's Hospital, Cork. 

Endogenous Faecal Calcium in U1·er Disease. 

Endogenous Faecal Calcium (E. F.C.) has been measured using 47Ca. 
in 21 adults inpatients. Ten had liver disease and 11 had no evidence of 
hepatic dysfunction. In neither group was there evidence of metabolic 
bone disease. In three patients with liver disease E.F.C. was in excess 
of our normal range. Mean E. F. C. in the the liver group was 5.9 mg/ Kg/ 
24 hours and in the controls 3.3 mg/Kg/24 hours. The group with liver 
disease excreted significantly more E. F. C. than controls (P < 0.05) 
(Students t test). (Fig. 1). E.F.C. did not correlate with dietary intake of 
calcium or vitamin D. E.F.C. provides a significant route for calcium loss 
in some patients with liver disease. (See table on opposite page) 

CLINICAL SURGERY 

W. G. Fegan, FRCSI., in collaboration with Mary Henry, R. D. Quill, 
P. J. Byme. 

Clinical Research Department, Sir Patrick Dun's Hospital, Dublin. 

Aspects of venous insufficiency and the aetiology of varicose veins. 

POST PARTUM D EEP VEIN THROMBOSIS 

Objective: 
Radioimmunassays have been developed for the determination of 

serum levels of fibrinogen degradation products, fragment D and fragment 

E in man, by Dr. Yehudi Gordon et al a t St. Bartholomew's HospitaL 
These assays have been found more sensitive and specific than existing 
procedures for the measurement of fibrinogen degradation products. 
This method has been found useful in the diagnosis of deep vein throm
bosis in medical and surgical patients. In collaboration with Dr. Gordon 
we are studying the use of this method in post partul"':' pa tients with deep 
vein thrombosis. 

Design of S1udy: 
Fifty-five post partum patients who had had a normal pregnancy and a 

normal delivery were selected from the labour ward in the Rotunda 
Hospital. Patients who had an episiotomy or perineal tear were excluded . 
All patients were on their second, third or fourth delivery. 2cc. of blood 
were collected by venepuncture from the ante cubital vein in these patients 
on the first , third and seventh post partum day. The blood was added to 
glass tubes containing 2 mg. of epsikapron stored for 24 hours overnight 
and after centrifugation stored a t minus 4°C. The frozen samples were 
taken in three batches to St. Bartholmew's Hospital where they were 
assayed. 
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Findings: 
To date the results of the samples have averaged readings of: 

Day I - Mean 335 (range from 350-210) 
Day 3 - Mean 290 (range from 390-160) 
Day 7 - Mean 260 (range from 370-130) 

Samples of blood are now being collected from patients who develop 
a deep vein thrombosis as confirmed by phlebography in the post partum 
period. The accuracy of the impedence plethysmograph in the diagnosis 
of deep vein thrombosis at this time is a lso under assessment. 

Finally in patients with a high risk of deep vein thrombosis (e.g. over 
35, six or more deliveries, previous history of deep vein thrombosis etc.), 
similar blood samples are being collected during the sixteenth, twenty
sixth and thirty-sixth week of pregnancy for the measurement of fibrinogen 
degradation products. Other coagulation factors will be measured at the 
same time. 

The survey of patients with superficial phlebitis or deep vein thrombosis 
both during pregnancy and after delivery in the Rotunda Hospital pro
duced results similar to those found in other surveys. By far the most 
important factor in the development of superficial phlebitis was varicose 
veins. However, in patients suffering from deep vein thrombosis, age, 
parity and a history of previous deep vein thrombosis was extremely 
important. Also of the 14 patients with deep vein thrombosis 12 were 
blood group A. These results are being prepared for publication. 

Studies on leg blood flow and venous emptying time in obstetric 
patients in whom epidural anaesthesia is induced at delivery are continuing. 
Twenty patients in this group and 20 control cases are to be measured . 
To date eight cases have been completed. 

DENTAL MEDICINE 

Diarmuid B. Shanley, BDS., FDS., RCSEd., MScD[Iodiana]. 

Dublin Dental Hospita l and University of Liverpool. 

The effects of four bone transplants in periodontal defects. 

The purpose of this study was to investigate the response of the perio
dontal tissues to the implantation of four bone transplant materials. A 
mucoperiosteal flap was raised in each maxillary quadrant in six rhesus 
monkeys. Five simila r surgical defects were created interproximally 
between the canine and third molar teeth. One of the five defects in each 
quadrant served as a control site and into the other four sites the following 
were implanted: 

(I) fresh iliac autogenous bone and marrow. 
(2) frozen iliac autogenous bone and marrow. 
(3) frozen allogenous iliac bone and marrow. 
(4) contiguous autogenous cortical bone chips. 
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Surgery and subsequent sacrifice of the animals was arranged to yield 
twelve wound healing periods for the five surgical sites between 1 day and 
240 days post-operatively. Blocks were decalcified, embedded in paraffin 
and stained with H & E, Azure A and Leishmans stain. 

The study did not identify any difference in the rate of healing between 
the five sites. The recipient sites varied widely in the character of bone 
surrounding the surgical implantation site. Bone was first deposited on 
particles of bone implanted in fibrous connective tissue six days after 
surgery but it was not found inside the surgically created defects until 
12 days after surgery. New cementum deposition was first noted 15 days 
after surgery. The greatest response to the surgical procedures was seen 
in those cells lining the endosteal spaces adjacent to the implantation site. 

It bad previously been reported that fresh autogenous bone and marrow 
stimulated root resorption. In this study root resorption was found to 
occur in seven different circumstances some unrelated to the use of 
transplants. Sites which were implanted with frozen allogenic bone and 
marrow and also a site implanted with frozen autogenous bone and 
marrow showed dentinal resorption. I t was noted that dentine resorption 
was reversible and this appeared to provide a mechanical advantage for 
new cementum adherence to the root surface. Contrary to previous reports, 
fresh autogenous bone and marrow did not inhibit cementogenesis in 
this study. Control wound sites healed as rapidly as those implanted with 
material with a reported osteogenetic potential. 

EXPERIMENTAL MEDICINE 

W. A. Boggust, MA., MSc., PhD., in collaboration with L. J . Peters, 
MD., and Hilda McGauley, BSc. 

Department of Experimental Medicine, Trinity College at Saint Luke's 
Hospital, Dublin. 

Factors related to tumour invasiveness and phospholipid metabolism in 
human cancers. 

Criteria relevant to escape of cancer cells from tumours, a prerequisite 
for metastasis formation, were investigated by study of tissue structures 
and processes around tumours which undergo change in experimental 
animals treated with cytotoxic metastasis-inhibiting drugs. 

Tumour inoculated mice, protected by daily injections of JCRF 159 
with phcnanthroline, survived much longer than untreated controls which 
died from secondary growths involving lungs. 

Unlike primary metastasising tumours in unprotected mice which, as 
reported by others, have an abnormal vasculature, primary non-metastasis
ing tumours of protected animals bad a normal vasculature with fewer 
malignant cells in vessel walls and in the circulation. In addition a marked 
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contrast was found in collagenase-sensitive tissue components around the 
tumour. These were degraded in the tumours of unprotected animals but 
normal in mice receiving drugs or drug combinations having cytotoxic 
and collagenase inhibitory properties. 

Until demonstration of coUagenase inhibition by ICRF compounds, 
synergised by phenanthroline, no mechanism had been proposed for their 
anti-metastatic effect. Further evidence supporting this approach has 
arisen from a survey in which other cytotoxic drugs used clinically for 
treatment of malignancy, have also been identified as collagenase in
hibitors in vitro. 

He-La cells were used to demonstrate processes related to the increasing 
malignancy of growing tumours. Exposure of He-La ceiJs to proteolytic 
enzymes increased their thromboplasticity, a characteristic feature of 
cancers. This increase was related to stimulation of membrane metabolism 
by demonstration of increased phospholipid turnover using up ortho
phosphate. 

Such stimulation which also induced elevated levels of collagenolytic 
activity and of enzymes derived from lysosomes raises the possibility that 
certain catheptic enzymes from cancers themselves may have an auto
stimulating effect which strengthens the invasive potential of tumours and 
ensures their competitiveness at a certain stage of growth. These possi
bilities are at present being investigated in the laboratory using extracts 
of human cancers. 

Francis R. Comerford, MD. 

Department of Experimental Medicine, University College, Galway. 

Director: Professor Sean Lavelle, MD. 

An ultrastructural e••aluation of the reactivity of synovial membrane. 

The objective of the study is the definition of the ultrastructural response 
of synovial membrane to injury. As part of this study, the morphology of 
the joint is examined in the twenty-four hours following the induction of 
immunologically mediated synovitis. 

I. Early arthus reaction in synovial membrane: 
Following the intraarticular injection of antigen (ferritin), immunised 

animals were sacrificed at one, three, six and eighteen hours. Synovial 
membrane from the injected joint was identified and processed for electron 
microscopy. Infiltration of synovial membrane by polymorphonuclear 
leucocytes (PMNS) was an early finding. These cells contained ferritin 
within cytoplasmic membrane bound bodies. PMNS were present in the 
lumen and walls of superficial synovial blood vessels. Although PM NS 
were seen apparently traversing blood vessel walls, gross damage to 
vascular basement membrane or endothelial cells was not observed. 
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PMNS were also found in both superficial and deep layers of the joint 
lining. Narrow cytoplasmic protrusions from the cells were evident 
adjacent to collagen fibres and PMNS were often seen in relation to 
underlying lipid and muscle. Ferritin deposits were seen within cytoplasmic 
vacuoles in synovial macrophages. Superficial fibrin deposition and damage 
to lining cells were late findings. 

2. Ultra structure of synovia/fluid cells: 
In conjunction with the observations on synovial membrane, synovial 

fluid was also studied during the twenty-four hours following intra
articular ferritin injection. Fluids aspirated from the injected joints were 
processed for electron microscopy. An increase in the number of PMNS 
was found three hours after antigen injection. Many membrane bound 
bodies containing scattered ferritin molecules in a floccular matrix were 
seen. 

In some instances, these phagocytic vacuoles appeared to fuse with 
lysosomal granules. In later observations, there was an increase in extra 
cellular fibrin and of deranged cell morphology. Dense intracycloplasmic 
ferritin aggregates averaged one to two micra in diameter. Areas of lucency 
of the cytoplasm, loss of organelles and abnormalities of nuclear structure 
were common. Defects of the cell membrane and extra cellular membra
nous structures were also seen. Mononuclear cells were a late finding in 
the effusions. At 18 hours, some had a normal appearance. Others showed 
loss of normal organelles and the presence within the cytoplasm, of lipid 
globules, fibrin fragments and disordered mitochondria. 

Conclusions: 
These observations document the early Arthus reaction in synovial 

membrane and joint space. PMN infiltration, phagocytosis and lysis 
is a major component of the process. However, it is suggested that the 
early uptake of antigen by synovial cells (thereby preventing its phago
cytosis by PMNs) is an important factor in the subsequent development of 
chronic arthritis. This may be relevant to human articular disease. 

EXPERIMENTAL SURGERY 

T. V. Keaveny, BSc., MCh., FRCSI. & Ed., in collaboration with S. M. K. 
Cunningham, BSc., PhD. 

Department of Surgery, University College, Dublin. 

Director: Professor P. Fitzgerald, MSc., MD., MCh. , FRCS!., FACS. 

Effect of Allopurinol and other therapies in experimental Haemorrhagic 
shock. 

Decreased liver, kidney and myocardial ATP during haemorrhagic 
shock was demonstrated by Le Page (1946). Experiments in severe hae
morrbagic shock were performed to investigate A TP degradation and 
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the resulting products, and also methods to allow the restoration of 
normal A TP levels post rcinfusion. Dogs were haemorrhaged and main
tained at a mean arterial blood pressure of 30 mm Hg. When 20 % 
decompensation had occurred, the shed blood was reinfused. Two hours 
following reinfusion, biopsies of liver pancreas, duodenum and spleen 
were removed for determination of ATP, ADP and AMP. Before or after 
reinfusion, a number of animals received 50 mg/Kg of allopurinol, a 
xanthine oxidase inhibitor which preserved A TP concentrations in the 
ischaemic kidney (Cunningham and Keaveny, 1974). Certain animals 
received 40 mg/ Kg of hypoxanthine, a substrate for ATP synthesis. The 
experiments were divided into groups of 5 - 7 observations as shown in 
Table l. 

Untreated animals (group 2) and those which received aiJpourinol only 
after reinfusion (group 4), had significantly decreased pancreatic 
(p < 0.0005 and p < 0.0025 respectively) and liver (p < 0.0025 and p < 0.01 
respectively) A TP concentrations two hours following reinfusion. Changes 
in duodenal and splenic A TP were less significant. The decrease in pan
creatic and liver A TP was accompanied by a significant decrease in total 
concentrations of ATP+ ADP+ AMP. 

Plasma urate concentrations in the untreated animals rose from 
0.22 ± 0.07 to 4.52 ± 0.66 mg/100 ml. There were also increases in plasma 
hypoxanthine from 0.18 ± 0.04 to 1.90 ± 0.35 mg/100 mJ and in plasma 
allantain from 0.82 ± 0.36 to 8.77 ± 2.13 mg/ 100 ml. Allopurinol pre
treated animals (group 3) and those which received hypoxanthine in 
addition to allopurinol following reinfusion (group 5), had ATP and total 
adenine nucleotide concentrations which were essentially normal. Pre
treatment with allopurinol abolished the increase in plasma urate con
centration, and allopurinol post treatment restored urate to normal. 

Conclusion : 
Prevention of irreversible purine loss by allopurinol pretreatment, or 

post treatment with allopurinol plus a substrate for ATP syn thesis, 
results in normal pancreatic, liver, duodenal and splenic ATP, ADP and 
AMP two hours following reinfusion . 

TABLE I - A TP concentrations two hours following rein fusion 

Groups Pancreas Liver Duodenum 
I. Unbled controls 1.921 + 0.228 1.195 +0.291 1.804 +0.084 
2. Bled, untreated 0.898 ± 0.301 0. 620 ± 0.170 1.218 ± 0.419 
3. Bled , allopurinol 

pretreated 1.780 ± 0.335 I. 192 ± 0.466 1.874 ± 0.359 
4. Bled, allopurinol 

post reinfusion 1.3 10 ± 0.205 0. 742 ± 0. 126 1.677 ± 0.266 
5. Bled, allopurinol 

+ hypoxanthine 
post reinfusion 2.223 ± 0.367 0.967 ± 0.102 1.659 1 0.232 

Results expressed as mean ± S.D. in ~ moles per g. wet wt. 
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GENETICS 

Mary d' Arcy, BA.(Mod.), in collaboration with Dr. S. Thompson. 

Genetics Department, Trinity College, Dublin. 

Director: Professor G. W. P. Dawson. MA. , BSc. 

A Test of the Wobble Hypothesis of the Genetic Code. 

The Wobble Hypothesis (Crick 1966) is concerned with messenger 
RNA-transfer RNA base pairings during genetic translation and it 
proposes that the fidelity of A : U and G : C base pairings while strictly 
adhered to at the first and second positions of each codon-anticodon, 
breaks down in specific ways at the third position. According to the 
proposals of the hypothesis, at the third position not only A : U but also 
G : U pairings can occur. This means, for example, that if a tRNA mole
cule were to carry the anticodon ACU, it should pair with either of 
two mRNA codons, UGA (a terminator codon) and UGG (codon for 
tryptophan). The aim of this project has been to genetically search for 
such a tRNA species. To accomplish this aim, hybrid strains of E. coli 
were successfully constructed carrying a missense UGG codon in the 
tryptophan operon and the terminator codon UGA in the histidine 
operon carried on an F'plasmid and transferred from Salmonella. By 
searching for back mutations in the simultaneous absence of both trypto
phan and histidine, selection was forced in favour of single suppressor 
mutations. Twenty-two back mutants were analysed extensively by 
transduction and conjugation crosses. None satisfied the criteria which 
would tentatively classify them as potential tRNA suppressor mutations 
of the required type. Further back mutations are currently being analysed. 

Technical details of experiments carried out during the 4 months of this 
project: 

(x)=symbol for transduction crosses, x=symbol for conjugation crosses. 
Donors are on the right of each symbol, recipients on the left. 6 denotes 
deletion. 

I. MP2207 trpA78 pro- his 6 !acYl gal- {x) W3IIO trpA2102 gal + 
with selection for recipient gal ~ hybrids. 

2. MP2207 trpA78 pro- his 6 lacY I gal (x) gaiU95 trp 1 with selec
tion for recipient gal- trp hybrids. 

3. MP2207 trp pro-his 6 1acYI ga1U95 (x) W3110 trpA2102 gal t- with 
selection for recipient gal -l trpA2 1 02 hybrids. 

These crosses exploited the close linkage of gal and trp operons in 
order to introduce the trpA2102 (missense UGG codon) into a strain 
which was his 6 . 

4. MP2207 trpA2102 pro-his 6 1acY I gal + mutated to valine resistance 
in presence of 30ugfml valine. 
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5. MP2207 trpA2102 pro- his6,1acYI valr gal + x: MP2207 trpA78 pro
his 6,lacY 1/F'his8278, with selection for strains acquiring the F' plasmid. 
In this cross the donors are killed by valine and the hisB278 mutations 
(terminator UGA) are selected in the presence of histidine precursor, 
histidinol. The hybrid strain= MP2207 trpA2102 pro- his 6,1acYI gal + 
valrjf'his8278 was then used for simultaneous selection of trp + his + back 
mutants. 

Joseph Masterson, MD., MSc., FRCPI., FRCPatb. 

Section of Medical Genetics, Department of Pathology, University 
College, Dublin. 

Heterozygote Detection in Cystic Fibrosis. 

As an extension of the preliminary data presented in the previous report 
the ouabain/E.S.R. and B. proteus agglutination tests proposed as diag
nostic aids for the detection of C. F. homozygotes and heterozygotes were 
applied to the following groups of individuals: 

(a) 17 children with cystic fibrosis, confirmed by pilocarpin~ sweat 
iontophoresis. 

(b) A control group for (a) comprising 100 general pediatric patients 
with a variety of diagnoses other than cystic fibrosis. 

(c) 21 obligate heterozygotes (i.e. parents of affected children). 

(d) 50 adult general hospital patients suffering from chronic obstructive 
airway disease. 

(e) A control for (d) comprising 60 adult general hospital patients 
suffering from illnesses other than conditions of the respiratory tract or 
malabsorption syndromes. 

(f) Sera from 130 routine maternal antenatal blood samples. 

The results of these investigations are shown in the table. The findings 
indicate that, of the two test procedures evaluated, the Proteus vulgaris 
agglutination test is a more reliable method for detection of C.F. homo
zygotes and carriers. Thus, whereas the P.A.T. was positive in all homo
zygotes, only 76 % yielded positive results with the erythrocyte sedimenta
tion test. Similarly, the P.A.T. displayed a greater efficiency in the detection 
of the obligate heterozygote (90% positive) compared with only 75% 
positive in the E.S.T. The incidence of positive reactions in both tests for 
C.F. homozygotes and heterozygotes was, on statistical analysis, signi
ficantly greater than in the pediatric hospital and general hospital control 
groups respectively. 
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With both tests, the positive rate in the pediatric and general hospita l 
controls is much higher than would be expected for the estimated pre
valence of C. F. carriers in the general population. 

' 
BOTH 

No. E.S.T. P.A.T . E.S.T . & P.A.T. 
Tested pos. neg. pos. ne g. pos. ne g. 

CF 
17 77 % 23 % 100% O% 77 % 0 % 

Homozygotes 

Pediatric I 100 22 % 78 % 27 % 73 % 21 % 70 % 
Controls 

Obligate 
21 75 % 25 % 90 % 10 % 71 % 5% 

Heterozygotes 

COAD 
50 

Patients 
38 % 62% 34 % 66% 28 % 54 % 

Hospi tal 
60 

Controls 
27% 73 % 22 % 78 % 20 % 70 % 

Routine 
130 - - 14 % 86 % - -

Sera 

Table: Composite table showing the results (in percentages) for the individual and 
combined tests for each study group. 

E.S.T.=Ouabain/E.S.R. test. P.A.T. = Proteus agglutination test. 

MICROBIOLOGY 

Kathryn Doyle, BA(Mod). 

Trinity College Dublin and Colorado State University, Fort Collins, 
Colorado, U.S.A. 

Director : Carol D. Blair, PhD. 

isolation and Analysis of Viral DNA involved in Cytopathogenicity and 
Oncogenesis. 

This report describes preliminary studies leading to the investigation of 
the number of viral genes expressed in cells transformed by Simian adeno
vi rus (SA 7) and Simian virus 20 (SV20). 

SA 7 (obtained from B. C. Casto, Chicago, U.S.A.) and SV20 (American 
Type Culture Collection) were grown in Vero and LLC-MK2 cells, 
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respectively, in medium 199 plus 10% calf serum. The intracellular and 
extracellular growth curves for SA 7 were determined. Maximum titre for 
intracellular virus occured at 32 hr. post-infection, giving 2 x 107 pfu/ml 
and that for extracellular virus occurred at 40 hr. post-infection, giving 
I x 10• pfu/ml. The medium from infected cells was retained as low titre 
virus and high titre virus (2 x 107 pfu/ml) was obtained by freeze-thawing 
infected cells (3 cycles) and releasing intracellular virions. Viral DNA 
was obtained from whole cells as follows: Infected cells were treated with 
SOS and EDTA in 0.01 M Tris, pH 7.6. The resulting solution was re
peatedly extracted with chloroform-isoamyl alcohol. Cell DNA (p= 1.6990 
g/ml) was separated from viral DNA (p= I. 718 g/ml) by caesium chloride 
density gradient centrifugation in a Beckman L-2 65B ultracentrifuge, 
SW 40 rotor, at J0°C, 30,000 rpm for 72 hrs. This DNA will be used for 
infectious DNA assays. 

Virions (p= 1.34 gfml) were purified by caesium chloride density 
gradient centrifugation (conditions as above), the protein was removed 
by treatment with papain (0.6 mg/ml 37°C, 30 min) and repeated phenol 
extractions. This DNA will be used as a probe to detect virus-specific 
RNA in permissively infected cells by hybridising total [I-H]-Labelled 
RNA to viral DNA immobilised on nitrocellulose filters. 

Primary hamster embryo cells were cultured and infected wiV1 either 
SA7 or SV20. After 72 hrs., the medium was changed to that containing 
less calcium and within 25 days, colonies of transformed cells were visible 
microscopically. Transformed non-virus producing hamster cells will 
be used as a source of nucleic acids for molecular hybridisation experi
ments to determine qualitative and quantitative amounts of virus-specific 
DNA and RNA present. 

Timothy James Foster, BA., PhD. 

Microbiology Department, Trinity College, Dublin. 

Investigations into the mechanism of tetracycline resistance mediated by 
R Factor in Escherichia Coli Kl2. 

Closely related plasmids often fail to replicate stably in the same cell, 
one or other of the plasmids being lost at cell division. Two differently 
marked derivatives of RI00-1 , one Chls Tetr, the other Chlr Tets were 
forced to co-exist until the two selective markers (Chlr and Tetr) became 
stabilised. (Chi, chloramphenicol ; Tet, tetracycline ; s, sensitive; r, 
resistant). A recombination deficient host was employed to reduce the 
general recombination that occurs at high frequency between incompatible 
plasmids. 

Analysis of stable C hlr Tetr derivatives from nine independent experi
ments showed that in each case the Tetr determinant was translocated to 
the host bacterial chromosome, the rest of the Chts Tetr plasmid being 
lost. No evidence was obtained for the presence of any other R factor 
marker in the chromosome. 
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The chromosomal Tetr determinants did, however, retain the genetic 
determinants for their translocation and of their predisposition to be lost 
by deletion. All nine could be translocated from the chromosome to 
another plasmid at a frequency of c. I x I Q-7• 

The isolation of a chromosomal Tetr determinant has allowed the 
dominance effects of single-site plasmid mutants to be studied in the 
absence of plasmid incompatibility. Several heterozygotes carrying the 
wild type Tetr marker in the chromosome and a Tets plasmid mutant 
could not express tetracycline resistance fully after induction, the mutant 
tet allele thus being partially dominant. ln the heterozygote the wild type 
and mutant Tet protein presumably compete for the same membrane 
insertion site (tetracycline resistance is conferred by an inducible protein 
which is inserted in the bacterial membrane where it prevents uptake of 
the drug). Some of the insertion sites might be blocked by the faulty 
protein. 

Fully resistant Tetr derivatives occurred in the heterozygous population 
at a frequency of l-4 x Io-•. Analysis of these dominance relief mutants 
showed that in 53/ 56 isolates the dominant tet allele was deleted from the 
plasmid. This unusually high deletion frequency was not affected by the 
host recA mutation. 

Other workers have shown that the Tetr determinant is flanked by two 
copies of the insertion sequence IS3, one of which is inverted. Similar 
structures have been reported for other translocatable resistance deter
minants. It has been proposed that the fl anking IS3 sequences define the 
unit of translocation described here and are responsible for the marker 
being deleted from one DNA molecule and being inserted into another 
molecule by a process which does not involve the host bacterial general 
recombination system, which does not require sequence homology be
tween the donor and recipient molecules, and which also conserves the 
structure of the translocation unit. This has important implications in 
the rapid spread of drug resistance among bacterial populations. 

PAEDIATRICS 

Bridget Egan-Mitcbell, MB., BCH. 

Regional Hospital, Galway. 

Directors: Professor B. McNicholl, MD., FRCP., DCH. and Professor 
C. F. McCarthy, MD., FRCPI., FRCP. 

Screening of Index Families for Coeliac Disease. 

Five families have been completed and fractions of another seven 
families studied, included are 20 coeliacs and 62 first degree relatives. 
Two relatives under lOth height centile had normal biopsies. Mean 
haemoglobin in 20 coeliacs was 9.9g ( ± 2.1) and in 54 relatives 13.6g 
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( ± 1.5) (p<.OOI). Mean serum iron in 11 coeliacs 31.0 j.lg ( ± 18.3), in 
48 relatives 10 l.3 j.lg (± 57 .3). Serum iron was 60 J.lg or over in only 2 
coeliacs; only 7 of 48 relatives had serum iron under 60 j.lg. Haemoglobin 
was under 11 g./ I OOml. in only I of 54 relatives, in an infant of two months, 
with a haemoglobin of IO. lg/IOOml. for whom this value was within the 
normal range. Seven of 20 coeliacs had haemoglobin over llg./ IOOml., 
but only one of them had serum iron over 60 j.lg. Reticulin antibodies were 
positive in 9/ 12 coeliacs but only in 1/22 relatives. Of 17 coeliacs, only 
one did not have H.L-A. antigens I or 8 (or both), whereas 17 of 53 
relatives had I, 8 or both. Whereas mucosal alkaline phosphatase and 
lactase were very low in cocliacs, levels of these enzymes in relatives were 
not different from controls. As a preliminary finding, a haemoglobin over 
llg combined with serum iron over 60 j.lg, is unlikely to be associated with 
active coeliac disease. 

0. C. Ward, MD., FRCPI., DCH., in collaboration with D. Kenny, MSc. 

Our Lady's Hospital for Sick Children, Crumlin, Dublin. 

Hyperlipidaemia. 

A pilot study of cord blood lipids has been undertaken with the objective 
of ascertaining whether this investigation can be used as a screening method 
for the identification of patients with Type 2 hyperlipoproteinaemia. 
The study is aimed at the early identification of a group of patients with 
this disorder so that the effectiveness of early therapeutic intervention may 
be assessed. 

Cord blood specimens have been examined for the cholesterol Betalipo
protein and triglyceride concentration and immunoglobulin A has been 
determined, as an index of materno-foetal transfusion and as a measure of 
possible maternal contribution to cord blood lipids. 

Immunoglobulin A determination indicated that eleven specimens of 
cord blood had been affected by matemo-foetal transfusion. Only five 
of these however showed raised lipid levels and it is now planned to 
determine the relationship between maternal lipids in labour and the foetal 
cord blood lipids. 

The specimens have been statistically analysed to determine cut-off 
points for serum cholesterol Betalipoprotein and triglyceride. 10.2% of 
serum cholesterol were over 100 mg/d1. 2.3% were over 120 mg/dl. 
9.6% of Betalipoprotein levels were over 41 mg/dl. and 2.3% were over 
51 mg/dl. 11.9 % of triglycerides were over 49 mg/dl. and 2.3% over 89 
mg/dl. 

The determination of Betalipoprotein has been standardised by an 
electrophoretic method. The serum cholesterol has been determined by a 
microenzyme procedure and the triglycerides by an enzymatic method. 
The limitations of all methods have been evaluated and the requirements 
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for reproducibility, particularly in relation to storage have been established. 
It is now proposed to extend the study as a screening procedure and by 
identifying infants with raised lipids to conduct a family survey of hyper
lipoproteinaemia and an evaluation of therapy. 

PATHOLOGY 

John Brazil, BSc. 

Department of Pathology, University College, Dublin. 

Director: Hugh McLaughlin, MD., MSc. 

The Role of the Immune Response in the Rejection of the Landschutz 
Ascites Tumour. 

Immunotherapy is considered to be a potentially valuable form of 
therapy for malignant tumours and is already being applied in some human 
situations. A considerable amount of research into the mechanisms 
involved in tumour rejection by immunological means has been done, 
particularly over the past 10 years. It is the primary object of this project 
to study the effect of various immunological manipulations on tumour 
growth using in vivo and in vitro techniques. 

During the first six months period (July- December 1975) as a pre
liminary to immunological investigations, a colony of Scbofield albino 
mice has been set up and a line of the Landschutz tumour cells is being 
propagated. Techniques for accurately quantitating tumour cells in vivo 
were assessed and a technique utilising isotopicaUy labelled RBCs to 
quantitate Ascites Volume was adapted for studies on growth character
istics of this tumour. In vivo growth curves have been plotted from 
quantitative information derived from studies in over 80 mice and the 
most reliable phase of the growth of this tumour in vivo has been identified 
and will be used in subsequent experiments. 

Attempts to naturally immunise animals have been unsuccessful to 
date. Antisera have been raised in rabbits against n ormal and neuramini
dase treated tumour cells and these antisera are being characterised at 
present. Experiments to identify membrane associated antigens in a two 
dimensional immunoelectropboretic system are under way. 

Survival times have been shown to be directly related to the dosage 
of tumour but the exponential phase of tumour growth represents only 
approximately 30 - 50 % of the total time from inoculation to death 
depending on the initial inoculum. The exponential period of growth is 
most suited to quantitative studies on the effects of immunological 
manipulations. Post mortem examination confirms that solid tumours 
occasionally seen in the later phase of tumour growth are not seen in the 
exponential phase, increasing the reliability of quantitative assessments 
made during this period . 
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Morphological studies on cell types present at varying stages in the 
tumour growth cycle are under way and changes will be assessed in 
subpopulations during subsequent immunological experiments. 

Noel Clarke, MA., BSc., MD., MRCPI., FRCPath., in collaboration with 
V. McCabe, BE., MIMcchE., MIEI. 

Department of Pathology, University College, Dublin. 

The Detection of Platelet Aggregation in Whole Blood. 

A computer model for the migration of platelets during the preparation 
of platelet-rich plasma from whole blood. 

The preparation of platelet-rich plasma from whole blood for experi
mental purposes involves the sedimentation of the erythrocytes and 
leucocytes in a centrifugal field. The recovery of plasma is good in a high 
centrifugation field but many platelets are trapped on the surface of the 
red cell portion. Lower centrifugation fields provide a higher platelet 
concentration but a much poorer recovery of plasma in a given time. 

The migration of platelets and erythrocytes in blood during horizontal 
centrifugation was modelled in a computer programme and the effect 
of the reflux of plasma was taken into account. The centrifugation fields 
studied also included step changes during the process. 

The centrifugation of whole blood was examined in a transparent 
plastic rotor (28.5 mm radius x 10 mm) and the interface of the plasma
erythrocyte zones and the platelet concentration in the platelet-rich 
plasma estimated by the attenuation of a pulsed infra red beam at 900 nm 
through the plasma zone. The results were of a pattern expected from the 
computer model. 

The recovery of plasma and platelets from 20 rnl. samples of citrated 
whole blood in a low speed centrifuge was examined. The optimum method 
recommended is based on a high centrifugation field (Gav = 1700; 
Gmax = l950; 3000 rpm ; rav = l73 mm ; rmax= l98 mm) for a very short 
time (in the order of I! minute) followed by a low centrifugation field 
(Gav = 48; Gmax= 55; 500 rpm) for about 3 minutes. During the first 
stage plasma and platelets refluxed to the plasma zone, and during the 
second stage the erythrocyte zone moves outwards faster than the platelets 
thus leaving them to be recovered in the plasma. 

The criterion used for assessment of the optimum method of prepara
tion of platelet-rich plasma was the maximum numbers of representative 
platelets recovered in the greatest volume of plasma. 
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Joseph Cummiskey, MB., BSc., MRCPI., DCH., in collaboration with 
Dr. Patrick Keelan, Mater Hospital, Dublin. 

Pathology Department, University College, Dublin. 

Director : Hugh Mcl aughlin, MD. 

Sarcoidosis in Ireland. 

Twenty-five patients with biopsy proven sarcoidosis had in-vitro 
immunological features studied. A correlation with the clinical features 
was sought in these patients. 

The tests included enumeration of B and T lymphocytes, assessment of 
T cell function by phytohaemoglutinin, Candida, and purified protein 
derivative and com plement assessment by two dimensional immuno
electrophoresis. Serum has been stored for assessment of immunoglobulins. 

Table I shows the type of patient studied. Table 2 lists the results on 
the group of 25 patients. 

Table l. Details of 25 sarcoid patients studied: 

Age- mean 

Male : female 

Stage 1 

Stage 11 

Stage Ill 

Extra thoracic 

Respiratory function tests 
Abnormal 
Normal 

Course: cleared 
static 
progressive 
unknown (to date) 

Treatment within 6 months with steroids 

Tuberculin reaction 

Positive: 
Negative: 

First presentation with sarcoidosis in 1975 

67 

29 years 

12 : 13 

12 

8 

4 

13 
12 

6 
8 
2 
9 

15 

6 
12 

12 



Table 2. Results on the group of 25 sarcoid patients. The number in 
the brackets indicates the number tested. 

Low total lymphocyte count 
Low B cell count 
Low T cell count 
High B cell count 
High T cell count 
Low transformation index to PHA 
Low transformation index to PPD 
Low transformation index to Candida 
Micropolyspora faeni precipitins positi ve 
Aspergillosis precipitins positive 
Complement degradation products positive 

3 
11 
6 
2 
2 
9 

11 
9 
I 
0 
0 

(25) 
(22) 
(25) 
(22) 
(25) 
(25) 
(19) 
(19) 
(22) 
(22) 
(25) 

The two patients with a progressive course had a low B lymphocyte 
count. The proliferative response of their lymphocytes in culture was 
depressed to PPD. In contrast only one of six patients with a satisfactory 
course had a low B cell count. The proliferative response to PPD in three 
of these patients was low. 

Table 3 shows the difference in the results when patients on and off 
treatment with corticosteroids are compared. 

Table 3. Effects on corticosteroids on the results of immunological tests. 
The number in brackets indicates the number tested. 

Number 
Low T ceU count 
Low B cell count 
T.l. - 30 PHA 

- 2.5 PPD 
- 2.5 Candida 

Steroid 
treatment 

13 
4 (13) 
2 ( ll) 
6 (13) 
7 ( 9) 
7 ( 9) 

No steroid treatment 
within 6 months 

12 
2 (12) 
7 (11) 
3 ( 12) 
7 (10) 
2 (10) 

Less abnormal results of tests of immunological competence were found 
in the group of patients on treatment with corticosteroids than in the 
group on no treatment. 

Patients with progressive sarcoidosis as measured clinicaJJy had more 
abnormal results of tests of immunological competence than patients 
who recovered from the disease. Some of the patients with a satisfactory 
course to their disease had a low B cell count and reduced proliferative 
response to PPD. Such a result would suggest that these tests of immuno
logical competence do assist in predicting prognosis in groups of patients 
with sarcoidosis but not in the individual patient. 
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H. C. Moore, MD(Lond)., FRC(Patb). 

The Rotunda Hospital Laboratory, Dublin. 

The mechanism of the effecl of pregnancy and allied states on experimental 
hypertension in the rat; relation 10 human pregnancy hypertension. 

The measurement of blood pressure in the pregnant rat continued as 
in the previous year i.e. the photoelectric method of the Huntingdon 
Research centre in conjunction with the Friedman and Freed technique. 

As indicated earlier the majority of the experiments during the year 
concemed hypertensive non-pregnant animals as well as pregnant animals. 
Both groups were nephrectomized when the blood pressure had reached 
hypertensive levels and towards the end of gestation in the pregnant 
animals. They were maintained alive by peritoneal dialysis. 

Unfortunately in all control and test groups, intact hypertensive pre
gnant and non-pregnant animals and nephrectomized hypertensive 
pregnant and non-pregnant animals the blood pressure could not be 
maintained during peritoneal dialysis in spite of a successful technique. 

Therefore no conclusions could be drawn on the precise effect of the 
matemal kidney on the fall of blood pressure in pregnant animals. 

This failure has been discussed with other workers in London during 
November, 1975 and in the Washington University Department of 
Obstetrics and Gynaecology, St. Louis, M issouri. It appears that the 
most likely approach in the future will be to try and establish the presence 
of a vasodepressor substance in the blood of the hypertensive pregnant 
animal. 

Mary T. O'Hegarty, BSc., PbD., in collaboration with Dr. J. Kirrane, 
Mater Hospital. 

Pathology Department, University College, Dublin and Mater Hospital, 
Dublin. 

Cell Surface characteristics of human neoplastic and preneop/astic tissue. 

The aim of the present investigation is to determine if electron micro
scopical examination would reveal differences between the cell surface 
characteristics of human malignant breast tissue and those of non
malignant breast tissue. 

T he procedure adopted is as follows: Fresh human female breast 
biopsy material, taken for frozen section, is divided into two-one portion 
for histological examination and the second for electron microscopy. 
The tissue for electron microscopy is further divided into two portions, 
one portion being processed in the conventional manner for examination 
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of overall cytological ultrastructure, the remainder being em bedded i 
glycolmethacrylate (GMA) for subsequent application of special 'staining' 
technique to reveal cell 'coat'. Semi-thin sections cut from each tissue 
block and stained with toluidine blue are examined by light microscopy 
to locate an area representative of that seen in the histological section. 
Following precise trimming of the block, ultra-thin sections of the selected 
field are cut and stained for electron microscopy. 

Twenty-one biopsies were received to date, of which 13 have been 
diagnosed as malignant on histological examination (this figure includes 
two biopsies from one patient which showed bilateral carcinoma) and 8 
as benign mammary dysplasia. Four biopsies have been excluded from 
the study as it proved impossible to locate a representative field in any 
of the blocks, the material consisting entirely of fat and connective tissue. 
(This problem arises from the nece sarily small size of tissue blocks for 
electron microscopy). Electron microscopical examination of both Epon 
and GMA embedded tissue from ten biopsies has been completed. In 
the case of GMA embedded tissue, cell 'coat' was revealed by post
staining ultra-thin sections with phosphotungstic acid at low pH. Of these 
ten biopsies, five had been diagnosed histologically as malignant and 
five as benign dysplasia. The findings, in this small number of cases, do 
not support recent claims reported in the literature of the existence of a 
consistent difference in amount and distribution of cell 'coat' material 
between malignant and non-malignant human breast tissue. However, 
the number of cases studied to-date is too small to permit a definitive 
conclusion to be reached and the investigation is being continued to this 
end. 

PHARMACOLOGY 

Michael P. Ryan, BSc., PhD., in collaboration with Patrick McKenna, 
BSc. 

Department of Pharmacology, University College, Dublin. 

The relationship of imracellu/ar magnesium and potassium. 

The main broad objective is to further our understanding of magnesium 
and potassium interrelationships. Current experiments a re designed with 
a view to elucidating the mechanism(s) responsible for the reported 
cellular K loss accompanying Mg deficiency. 

Caesium (Cs), which has the ability to replace cell K, has been used by 
other workers to study the selective accumulation of K by muscle cells. 
Cs should be a useful agent in investigating the nature of the K loss during 
Mg deficiency. We, therefore, decided to investigate Cs accumulation 
in vivo by tissues of Mg-deficient rats. 

Male Wistar rats (12) averaging 70 g were housed individually and given 
a Mg-deficient diet. Controls (8) were pair-fed a Mg-supplemented diet. 
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After 16 days on the diets, both groups were given drinking H 20 containing 
40 mM CsCl and the intake of this solution was checked daily. Following 
3 days consumption of H20 containing 40 mM CsCl, all animals were 
sacrificed. Samples of whole blood were taken for electrolyte and haemato
crit estimation. Soleus, superficial white gastrocnemius and cardiac 
muscle sample were removed and analysed for Cs and other electrolytes. 

Plasma Cs concentrations were similar in both groups. Mg-deficient 
rats had accumulated significantly less Cs in erythrocytes compared to 
control rats. Soleus muscle from Mg-deficient rats exhibited significantly 
lower concentrations of Cs, K and Mg and significantly higher concen
trations of Na compared to samples from control rats. Similarly, Mg
deficient rats accumulated less Cs in white gastrocnemius muscle in 
comparison to that accumulated by control rats. No significant difference 
was detected in cardiac Cs concentration . 

These results confirm that Mg-deficiency results in a ltered cellular K 
metabolism as manifested here by decreased erythrocyte Cs and skeletal 
muscle Cs accumulation. Furthermore, as Cs uptake into erythrocytes 
and soleus muscle is believed to be carrier-mediated and an active process, 
the results indicate that Mg deficiency results in impairment of this 
pumping mechanism. A study of net fluxes of K and/or Cs in tissues 
isolated from control and Mg-deficient animals is planned to further 
test the hypothesis that in vivo Mg deficiency impairs the active K 
transport system. 

PHYSIOLOGY 

R. P . Kernan, DSc., PhD., in collaboration with Mary MacDermott, MSc. 

Department of Physiology, University College, Dublin. 

Measurement of chloride and potassium activities within cells of muscle 
and other tissues by means of ion selective microelectrodes. 

Changes in potassium activity within frog skeletal muscle fibres were 
measured during net sodium uptake and potassium loss. Armstrong and 
Lee (Science, 171, 413, 1971) using microelectrodes made from ion 
selective glass measured activities of sodium and potassium ions in 
freshly dissected frog skeletal muscles and in their companion muscles 
which had been soaked for 24 hr. in cold potassium-free Ringer's fluid. 
They found that while the latter muscles lost about 26m. equiv/ 1 fibre 
water of potassium the fall in intracellular potassium activity, a ki was 
only 8.4m. equiv. where a fall of 19 m. equiv. might have been expected. 
They concluded that these cations were bound in some way in the fibres. 

We have now measured aki and the potassium equilibrium potential, 
Ek of frog sartorii under similar conditions but using microelectrodes 
containing the liquid ion-exchanger, Coming 477317, which has a selec
tivity coefficient for potassium over sodium about 10 times greater than 
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the glass used by Armstrong and Lee. The K-selective microelectrodes 
were calibrated against the 3M-KCI-filled microelectrodes in standard 
solutions of KCI , NaCI and mixtures of these salts of suitable concen
tration. Because of a high impedance of IO•ohms in our K-electrodes a 
special input stage with impedance of 101 '1ohms approximately was used. 
The values of activity coefficient used by us were from Robinson & Stokes 
("Electrolyte Solutions" Butterworth, 1970). 

In freshly dissected frog sartorii the values found by us were: membrane 
potential, Em- 92.3 t O.ImV, Ek-100.3 ± 0.2mV, aki 91.2 ± 1.4m.equiv.j l., 
intracellular potassium concentration [K]il28.0 ± I.Sm.equiv./ 1. After 
soaking in K-free Ringer's fluid the values were: Em- 78.9 ± 0.7mV, 
Ek- 76.7 ± 0.8mV, aki 67.8 ± 1.2m.equiv.j l. and [K]i 80.6 ± 2.7m.equiv./ l. 
These results indicated that while the fibres lost 48m.equiv.j l. of potassium 
in the K-free fluid , aki decreased by only 23.4m.equiv./l. Assuming an 
activity coefficient of 0. 7 for intraceiJular potassium the expected fall in 
aid was 33.6m.equiv./ l. The discrepancy here which was much less than 
that found by Armstrong and Lee could be explained if activity co
efficient increased from 0.7 to 0.83 during K + loss. This is not unreason
able since the activity coefficient of sodium in muscle fibres seems to be 
as low as 0.2. 

We have also used ion selective potassium and chloride microelectrodes 
with frog semitendinosus muscles to determine why some fibres de
polarize while others hyperpolarize in K-free Ringer's fluid. The results 
which we obtained suggested that there was more chloride in the fibres 
than was consistent with passive distribution and that movement of these 
anions out of the fibres may contribute to the depolarization which has 
been observed. 

Georgc Mervyn Kidd, BA., MB., BCh., BAO. 

Applied Physiology Unit, T.C.D. Medical School, St. James's Hospital, 
Dublin. 

Director: Professor R. E. Moo re, MB(Lond)., MA., PhD.(Lond). 

Thermal balance and ovulation in women. 

The object of this work is to study the changes in the thermoregulatory 
mechanisms in response to heat stress between t11e pre- and post-ovulatory 
phases of the menstrual cycle, and in particular to explain the mechanisms 
of the post-ovulatory rise in core temperature in women, in an attempt to 
find physiological change which would lead to the pin-pointing of ovula
tion. 

Changes in core temperature, mean skin temperature, sweating rate, 
peripheral vasodilatation, VCOz, YOz, and alveolar PC02 and POz are 
measured in young women, both pre- and post-ovulation. The phase of the 
menstrual cycle is assessed by a combination of menstrual calendar, 
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temperature charts, and karyo-pyknotic index estimations on vaginal 
squames. 

In a controlled temperature environment the changes in the above 
parameters are studied after a heat stress which is caused by immersing 
one hand in a thermostatically controlled water bath for one hour. 

To date, twelve young females have been studied in this way. 

Initial studies suggest that there is a variation in the control mechanisms 
between the two phases of the menstrual cycle. 

R. G. LuckwiiJ, BS., PhD., MA. 

Department of Physiology, Trinity College, Dublin. 

Themoregulation in newborn rabbits. 

The thermal status of an animal is renected in the firing rate and pattern 
of certain cells within the central nervous system. These cells make up 
the thermal pathways between the primary temperature sensitive cells 
and the effector mechanisms. The cells in such pathways have been weU 
studied in adult animals, but little is known about the position and com
position of the pathways in the newborn animal. Since the beat production 
mechanisms in newborn rabbits differ from those in the adult, it seems 
possible that the neuronal pathways may also differ. 

Previous results have indicated that thermo-responsive cells are more 
widely d ispersed throughout the thalamus and bypotbalamus in the 
newborn rabbit than they are in the adult, being found more commonly 
in the posterior regions. 

In recent experiments the search for temperature responsive cells has 
continued, using standard micro-electrode techniques. The animals were 
given generalised peripheral thermal stimulae {heating or cooling a metal 
trough in which the animal lay). As the micro-electrode was lowered 
through the brain any cells encountered were tested for thermal responsi
veness, and their position plotted on previously prepared maps. 

Experiments have been carried out on 20 New Zealand White rabbits 
ranging in age from 5 to 14 days. Of the 104 cells from which we were able 
to record, only 4 could be considered to be responsive to thermal stimulae. 
Two showed a marked increase in firing rate on cold stimulation, one on 
heat stimulation, and the fourth stopped firing upon cold stimulation. 
None of these can be considered primary thermal sensors, but are probably 
intemeurones in the thermoregulatory pathways. All were located with
in the posterior hypothalamus or dorsomedial thalamic nucleus. 
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R. E. Moore, BM(Lond)., MA., PhD(Lond). 

Department of Physiology, Trinity College and St. l ames's Hospital, 
Dublin. 

Responses of aged men to cold stress. 

The object of this work is to study the physiological and behavioural 
responses to acute cold-exposure in elderly and young males. 

The subjects are placed in a warm environment, and maintained in this 
state for one hour. During this time the following parameters are measured, 
viz. core temperature, mean skin temperature, peripheral vasodilatation 
and vo~. and subject controlled requests for passive heating from an 
infra red lamp are monitored. 

The environment is now cooled over a period of some ten minutes and 
the responses reanalysed for a further period. 

Precise experimental conditions are at present being worked out using 
three young male volunteers. 

Until adequate data is obtained in the young it is not intended to subject 
the old to this stress. However, cautious steps are now bring made towards 
commencing experiments on elderly subjects. 

Professor M. F. Murnaghan, MD., MSc. 

Department of Physiology, University College, Dublin. 

Physiological basis of cardiac arrhythmias. 

ln order that arrhythmia may be produced in cardiac tissue the latter 
must exceed a critical minimal mass. The purpose of the present investiga
tion was to determine whether the size of the heart influences the duration 
and type (fibrillation or tachycardia) of arrhythmia produced and whether 
various treatments cou Id modify this. 

ln a previous study by the author on isolated rabbit hearts (Langendorff 
preparation) perfused with McEwen's solution at 3rC, 40% of the 
ventricular arrhythmias induced electrically by applying a single pulse of 
current to the left ventricle during the vulnerable period of late systole 
were persistent ( > 60 sec). Fibrillation and tachycardia occurred with 
about equal incidence. In the present study a ventricular arrhythmia was 
induced in a similar manner in rat hearts perfused with McEwen's 
solution at 3rC. 

In 60 rat hearts the arrhythmia was persistent in 38% of trials but 
fibrillation only accounted for 2.3% of these. The effect was compared 
between rat and rabbit hearts of (a) reducing the potassium ionic con-
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centration (K ) to !, (b) incorporating adrenaline into the perfusate, 
(c) gassing the McEwen's solution with nitrogen to produce anoxia and 
(d) altering the temperature of the perfusate on the duration and type of 
arrhythmia and on the Ventricular Fibrillation Threshold (VFT) Change 
Ratio (= VFT of test/ VFT of control). The VFT is the minimal current 
of the single sq uare-wave pulse applied during the vulnerable period 
which was required to produce an arrhythmia. While adrenaline (1 - 2.5 
~M) produced no s ignificant effect on the duration or type of arrhythmia 
in either rat or rabbit hearts, lowering K ~ or inducing anoxia signifi
cantly lowered the proportion (34 to 7 and 48 to 23 % respectively) of the 
arrhythmias which were persistent in rat hearts but significantly raised the 
proportion (41 to 80 and 46 to 93 % respectively) in rabbit hearts. Only in 
rabbit hearts did anoxia and low K • significantly raise the proportion 
(46 to 68 and 31 to 83 % respectively) of the arrhythmias which were 
fibrillation. While all these treatments significantly lowered the YFT 
(VFT Change Ratios of 0.20:r0.03, 0.56 ± 0.05 and 0.60 t 0.05 for low 
K , adrenaline and anoxia respectively) in rabbit hearts only adrenaline 
significantly lowered it in rat hearts (0.74 ± 0.09). Lowering the temperature 
of the perfusate from 35- 37° to 17- 29°C in rabbit hearts significantly 
lowered the VFT (0.68 ::0. 10) and the proportion of the arrhythmias 
which were persistent (39 to l3 %) but did not significantly alter the type 
of arrhythmia. In the experiments on rat hearts the perfusate was normally 
maintained at 32°C because of rapid deterioration in the contractility and 
coronary perfusion which occur if the temperature is maintained at 37° 
for long periods. Although perfusion at 2r did not influence any of the 
three parameters studied, perfusion at 37° significantJy increased the 
proportion of the arrhythmias which were persistent (50 to 82 %) and they 
were difficult to terminate which was a further good reason for selecting 
32° as the most suitable temperature for the isolated rat heart. Out of 22 
arrhythmias induced at 37° onJy 2 (9 %) were fibrillation ; only tachycardia 
was seen in 21 triaJs a t 27° and in 40 trials at 32° in the 9 rat hearts used 
for the study of temperature effects. 

The results indicate that while very small (rat) and moderately large 
(rabbit) hearts develop the same proportion of arrhythmias which are 
persistent under control conditions and that temperature affects both in a 
similar manner, the proportion of persistent arrbythmias is significantly 
increased by low K + and anoxia in rabbit hearts but is significantly 
decreased in rat hearts. Apparently only a high proportion of persistent 
arrhythmias will occur in larger hearts. Of even greater interest is the high 
proportion of arrhythmias which are fibrillation in rabbit hearts and 
which can be further markedly increased by low K + or anoxia when 
compared to rat hearts where the incidence of fibrillation is very low and 
which can only be increased slightly by a rise of temperature. Clearly 
heart size determines the type of arrhythmia which can be induced. 
Finally the YFT in the rat heart cannot be lowered as readily by low K I· , 

anoxia and temperature change as in the rabbit heart suggesting that such 
treatments cause less dyshomogeneity in excitability during the vulnerable 
period in rat ventricular muscle when compared with that of the rabbit. 

75 

~-'y .... - .......... .-- •• 



Daniel J. O'Donovan, BAgrSc., MS., PhD., in collaboration with Miss 
J osephine McNulty, BSc. and Thomas Dunne, BSc. 

Physiology Department, University College, Galway. 

Cerebral Energy Metabolism. 

Biogenic amines, which are known to have transmitter function, 
stimulate the activities of A TPases in brain tissue. Many clinically 
effective drugs affect amine metabolism. We have studied the activities of 
ATPases in 14 regions of rat brain and we have observed the effects of 
drugs on the activity of the enzymes in these regions. 

Groups of rats (Wistar, 200-300g) were injected intraperitoneally with 
physiological saline (controls), D-amphetarnine (5mg/kg), chlorpromazine 
(JOmg/kg), amitriptyline (20mg/kg) or lithium chloride (50mg/kg) and 
decapitated 1 hour later. The brains were rapidly removed, placed on ice 
and dissected into the brain stem (pons + medulla), cerebellum, corpora 
quadrigemina (tegmentum + colliculus), thalamus 7- hypothalamus, hippo
campus, striatum, olfactory lobes, neocortex, amygdaloid cortex and 
septum. The brain areas were homogenized by sonication for 1.5 - 2.0 min. 
in a sucrose E.D.T.A. deoxycholate medium (pH 7.4) and centrifuged at 
20,000 x g for 30 min. Aliquots of the clear supernatant were added to an 
incubation medium containing 5 mM MgCh, 15 mM Kcl , 90 mM NaCI, 
5 mM ATP, either with or without I0-3M ouabain. Totah ATP'ase 
activity was taken as the enzyme activity occurring in the absence of 
ouabain; Mg + + dependent activity was assumed to be the activity re
maining after the Na + K - ATP'ase activity had been inhibited by the 
ouabain. The ATP'ase activity was assessed by estimating the release of 
inorganic phosphate from A TP foiJowing 5 min. incubation at 37°C. 
The enzyme activity was expressed as u moles inorganic phosphate per hr. 
per mg. protein. 

There were marked inter-regional differences in the activities of 
A TPases. Amphetamine increased total and Mg +- +- dependent ATPase 
activity in the septum and amygdaloid cortex and Na + K .. dependent 
activity in the septum and striatum and decreased the Mg + + dependent 
activity in the striatum. Chlorpromazine decreased total ATPase in the 
neocortex and hippocampus, Mg + + dependent activity in the olfactory 
lobes, brain stem. cerebellum, corpora quadrigemina, striatum and thala
mus and Na + K + dependent activity in the olfactory lobes and corpora 
quadrigemina and increased Na + K + dependent activity in the striatum. 
Amitriptyline increased total and Mg ~ dependent ATPase activity and 
decreased Na + K dependent activity in the olfactory lobes and de
creased Na t K + dependent activity in the thalamus and hippocampus. 
Lithium decreased total, Mg + +and Na -1 K + dependent ATPase activity 
in most regions of the brain. 
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Ronan G. O'Regan, MB., BSc., PhD. 

Department of Physiology, University College, Dublin. 

Sinus nerve efferents. 

Hyperventilation may be caused by activation of postganglionic 
sympathetic fibres which course in the ganglioglomerular, sinus and glos
sopharyngeal nerves. Attempts at assessing the role of these fibres have 
been thwarted because of technical difficulties encountered in cutting them 
without adversely affecting other sympathetic elements supplying the 
carotid body. These latter components, by enhancing chemoreceptor 
activity, also cause hyperventilation. If the excitatory effects upon the 
carotid body could be selectively eliminated, then the role of the other 
relevant sympathetic components could be independently investigated. 
lntracarotid injections of 0.5N acetic acid (0. 1- 0.2 ml.) have been con
sidered to cause selective inactivation of the carotid chemoreceptor. 
Initial experiments using this method in decerebrate cats gave results at 
variance with this viewpoint and furthermore, had deleterious effects on 
breathing patterns. This prompted a more comprehensive study on the 
reliability of this method as a selective inactivator. 

ln ten spontaneously breathing cats, anaesthetized with pentobartitone 
sodium and with all arteries at the carotid bifurcation open, carotid 
chemoreceptor and baroreceptor reflex responses, as well as the effects of 
cervical sympathetic activation, were stiJI present following intracarotid 
injections of 0.5N acetic acid (0.1-0.5 rnJ.). At the higher doses marked 
slowing of respiration with active expiration occurred necessitating 
artificial ventilation. During artificial ventilation, higher doses still (up 
to 1.2 ml.) did not abolish either baroreceptor or chemoreceptor afferent 
activities recorded from the sinus nerve although receptor responses were 
somewhat attenuated. 

Following occlusion of the external carotid and occipital arteries, 
intracarotid injections of smaller doses of acetic acid (0.05- 0.2 ml.) 
permanently abolished carotid chemoreceptor and baroreceptor reflex 
responses. Sinus nerve afferent activity was not recorded while the dis
charges of postganglionic branches of the superior cervical ganglion were 
also usually eliminated. 

This investigation does not support the view that intracarotid acetic 
acid selectively inactivates chemoreceptors. Consequently, its use in this 
context would not seem to be justified. 
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SOCIAL MEDICIN E 

Victoria P. Coffey, MFCM., PhD., MA., FICP., DCH. 

T.C.D., Medical School Building, St. James's Hospital, Dublin. 

(a) Congenital Abnormalities. 

The following is a record to date for Congenital Abnormalities for 1975 
covering 17 Counties: 
57,523 deliveries were investigated, 607 Abnormalities were recorded, 
an incidence of 10.55 per 1,000 deliveries, a slight increase on 1974 when 
the rate was 10.4 per 1,000 deliveries. The O\erall incidence of Congenital 
Abnormalities in Dublin has risen from 10.3 to almost 12.00 per 1,000 
deliveries, Anencephaly remaining at almost the same figure, the rise 
being in the other Neural Tube Defects. Down's Syndrome would appear 
to have dropped slightly although not to any significant degree. The 
number of D ublin deliveries has again dropped, this decrease in birthrate 
has been a continual annual recurrence since 1972. 

The incidence of Congenital Defects is noticeably higher in Offaly. 
The Anencephaly rate here is 3.5 per I ,000 deliveries, although the overall 
rate has shown a drop from 24.4 in 1974 to 15.1 per I ,000 deliveries last 
year. 

(b) Inborn Errors of Metabolism 
During 1975 a total of 2,947 speci mens of urine were examined, 406 

of these gave abnormal chemical findings. Once again an unusual high 
incidence of excess acid mucopolysaccharidoses (A MPS) was observed. 
Thirteen cases were recorded during the past year, 3 were confirmed 
cases of Morquios Syndrome, the remaining 10 have not been categorised. 
This excess A MPS is of significant interest as we are trying a new technique 
of treating Hunter's Syndrome which appears to be giving satisfactory 
results. Six fresh cases of Phenylketonuria were diagnosed, 3 cases of 
Homocystinuria and 6 cases of Cystinuria, the latter are of interest as 
future cases of possible renal stone formation. There were 44 cases of 
excess sugars of varying types recorded and 8 cases of Aminoaciduria, 
5 mild and 3 gross. There was also a number of immaturity patterns and 
cystinlysine patterns. The report on 10 Years' Survey oflnborn Errors of 
Metabolism is being submitted within the next month for publication. 
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VETERINARY MEDJCINE 

B. J . Sheahao, MVB., MS., PhD., MRCVS., in collaboration with M iss 
L. Roche, BSc. 

Veterinary College, Ballsbridge and Veterinary Research Laboratory, 
Abbotstown, Castleknock, Co. Dublin. 

Director: Mr. W. J . C. Donnelly, BVSc., MS. , MRCVS. 

Cell Culture Techniques in the elucidation of an animal model for GMI 
gangliosidosis. 

Previous studies had suggested that bovine GMI gangliosidosis could 
be provisionally regarded as analogous to GM I gangliosidosis type TI in 
man. This hypothesis was investigated further in the present study by 
examining expression of the defective activity of B-galactosidase, the 
lysosomal enzyme responsible for GM I ganglioside hydrolysis, in cultured 
skin fibroblasts. 

Fibrolblast cultures were established from 6 control calves and 5 calves 
with G MJ gangliosidosis. Sufficient outgrowth from the primary explants 
was usually present at about 20 days to permit subcultivation of the cells 
at 3-6 day intervals. Subcultures were frozen and stored in liquid nitrogen. 

The activities of B-galactosidase and acid phosphatase were assayed, 
using fluorogenic 4-methylumbelliferyl substrates, in extracts from cultures 
of closely comparable age and population density. The extracts were 
prepared by sonicating harvested cells in Triton X-lOO and centrifuging the 
homogenate. The supernatant was used as the enzyme source. 

The activity of 4-methylumbelliferyl B-D-galactosidase was linear for 
at least I hour and was maximal in extracts of control and mutant cells 
at pH 4.2. Mean residual activity in the mutant cells was 30% of the 
mean activity in control cells (Table). Considerable variation in enzyme 
activity was present in both control and mutant cells but at no time did 
residual activity in the mutant cells exceed 60% of the lowest val ue re
corded in the control cells. The table also shows that the activity of acid 
phosphatase, the other lysosomal enzyme investigated, was similar in 
control and mutant cells. 

The residual 4-methylumbeUiferyl S-O-galactosidase activity showed 
greater heat stability in mutant cells than in control cells. Following 20 
minutes at 42°C, 11 % mean residual activity remained in extracts of 
control cells compared with 72 % and 87% residual activity in two mutant 
strains studied. 

Deficiency of B-galactosidase was demonstrated histochemically in 
fibroblasts from affected calves by the method of Lake (1974). Ultra
structural examination of fibroblasts from control and affected calves 
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failed to reveal any consistent morphological differences. Leucocytes fro m 
affected calves were also deficient in B-galactosidase. 

These results confirm the parallelism between the human and bovine 
diseases. This is being investigated further by detailed analyses of the 
isoenzyme pattern in tissues from normal and affected calves. 

Table. 4-metbylumbelliferyl S-O-galactosidase and acid phosphatase 
activities• in cultured skin fibroblasts from control calves and calves with 
GM I gangliosidosis. 

Control calves (6) 
B-galactosidase Acid phosphatase 

Mean 39.7 57.9 
Range 25.7-50.6 42.5-76.9 

Affected calves 
324 12.4 55.0 
441 13.6 43.7 
372 14.2 49.7 
380 11.4 48.0 
419 14.4 38.4 

Mean 13.1 46.9 

*Results expressed as umoles of 4-methylumbelliferyl B-0-galactoside 
hydrolysed per mg. protein per 15 min. The values represent the means of 
at least two assays. 

STUDENT GRANT REPORTS 

Nana Ackom-Mensah 

Department of Physiology, Trinity College, Dublin. 

Director: Dr. R. G. Luckwill. 

The study of thermo-responsive units in the brain of new-born rabbits. 

Thermo-responsive neurones in the brains of baby rabbits were studied 
using the extracellular microelectrode technique. A modified version of 
Sawyer's stereotaxic method for fixing the heads, enabled a penetrating 
electrode to record in the regions of the thalamus, hypothalamus, the 
periventricular area and the hippocampus, while cutaneous temperature 
was varied. 

Activities of single units were recorded in response to varying cutaneous 
temperature. One particular unit seemed to have a convincing response 
to a fall in cutaneous temperature. However, the final analysis and con
clusions await computerisation. 
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C. H. Bonner 

St. Laurcnce's Hospital, Dublin. 

Director: Dr. H. Staunton. 

Summary on peripheral nerve conduction in normal human subjects. 

Peripheral nerve conduction was measured in the median and ulnar 
nerves in the upper limbs in 15 normal subjects whose ages ranged between 
20 and 30. 

Normallatencies from wrist to abductor pollicis brevis were established 
as indices of median nerve conduction across the carpal tunnel ligament. 
The mean latency was 3.5 m. seconds, with a range of from 2.8 to 4.7 m. 
seconds and a standard deviation of 0.6 m. seconds. Conduction velocity 
in the median nerve in the forearm in the same subjects gave a mean figure 
of 55.6 meters per second, with a range of from 46 to 63 meters per second 
and a standard deviation of 4.3. 

Latencies from wrist to abductor pollicis brevis as an index of conduction 
of peripheral motor ulnar nerve was estimated in the same subjects. The 
mean latency across the wrist was 3.8 m. seconds with a range of 2.9 to 
5 m. seconds and a deviation of 0. 7. 

Conduction velocity in the ulnar nerve in the forearm in the same 
subjects gave a mean figure of 58.5 meters per second with a range of 
33 to 75 and a standard deviation of I 1.7. 

Conduction in the ulnar nerve across the elbow in the same subjects 
gave a mean figure of 49.5 m. seconds with a range of 35 to 64 and a 
standard deviation of 7.7. 

The department is building up a range of normal figures for different 
nerves and in different age groups and these figures are currently being 
used as standards. 

This material was presented by the student at the Richmond Hospital 
Study Day and has been incorporated as part of an address which Dr. 
Staunton gave to the "Moving Po.ints in Medicine", 1975. 

Satisb BooleU 

St. Laurence's Hospital, Dublin. 

Director: Dr. J. G . Devlin. 

A study of insulin sensitivity. 

This was a study to assess Insulin sensitivity in sixteen normal subjects 
four diabetics with ketoacidosis, four diabetics stabilised on Insulin therapy 
and eight pre-diabetics. 
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The Insulin sensitivity test of Gibson and Jarrett was used. Lean body 
mass was assessed using tritiated water to estimate total body water. The 
following results were shown : Insulin/glucose ratio plotted against 
fasting Insulin revealed a straight line relationship with a very positive 
correlation of r= 0.9l. This is using a basal Insulin/glucose ratio. The 
basal Insulin/glucose ratio plotted against the delta glucose percentage 
per minute revealed a less positive correlation of r= 0.63. The relationship 
appeared to be shifted to the left in diabetes. Plotling the glucose level 
per minute as milligrammes % against the basal Insul in/glucose ratio in 
normal subjects revealed a positive correlation of r - 0. 71 which is sig11i
ficant. Two sets of values, therefore, have been obtained to the study, i.e., 
the average Insulin/glucose ra tio in normal subjects and in some diabetics 
and the delta glucose wruch ranges from 3.33 to 5.47 with a mean value 
of 4.6 milligrammes/minute. 

Fasting cortisol and growth hormone was also assessed in the study 
and was unrelated to the Insulin sensitivity tests. 

J . P . Branagan 

Department of Pharmacology, Trinity College, Dublin. 

Director: Professor C. W. M. Wilson. 

The metabolism of ascorhic acid (A A ) in rheumatoid arthritis. 

DESIGN OF I NVESTIGATION: 
Plasma and leucocyte AA Concentrations were measured in 11 patients 

with rheumatoid arthritis and in 8 healthy control subjects. The white cells 
of both groups were incubated in fluid containing 3 mg AA per 100 ml. 
The uptake of AA was measured as described in the Leucocyte AA Antigen 
Challenge Test (Wilson and Loh, 1975, Clinical Allergy, 5, 201). The 
effect produced by adding gold or plasma to the incubation mixtures was 
investigated. 

EXPERIMENTAL RESULTS: 
Plasma and leucocyte AA concentrations were significantly lower in 

the rheumatoid patients. There was no significant difference between AA 
uptake by the incubated cells in the two groups. ln the presence of gold 
leucocyte AA uptake was unaffected in normal subjects, but it was in
creased by 14 % in the rheumatoid subjects. ln one patient, plasma and 
leucocyte AA returned to normal over a 3-month period concomitantly 
with symptom improvement while gold was being administered. 

Incubation of controlleucocytes in their own plasma, a t a concentration 
of 10 % in the mixture, reduced AA uptake by 19 %. When they were 
incubated in rheumatoid plasma incubation was reduced by 24 %- After 
incubation of rheumatoid Jeucocytes in their own, or in normal, plasmas, 
AA uptake was reduced by 21 and 24% respectively. 
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It was concluded that rheumatoid patients have significantly lower AA 
plasma and cell concentrations than normal subjects. Th is can. at least 
partially, be a ttributed to a natural AA uptake blocking factor which is 
normally present in plasma but may be in higher concentration in rheu
matoid plasma. AA uptake by the cells can be restored to normal by 
gold therapy. 

Brendan M. Buckley, MSc., DPhil. 

Department of Biochemistry, University College, Cork. 

Director: Dr. E. R . Tully. 

Purine biochemisTry. 

Research was conducted in several areas of purine biochemistry. 
Spectrophotometric and chromatographic techniques were employed in 
the separation of purine derivatives in physiological samples. and a 
comparison was made between chromatographic patterns of purines from 
blood from a patient with Lesch-Nyhan disease and from controls. 
A survey of urinary uric acid/creatinine ratios in handicapped children 
was initiated. Purine metabolising enzymes in erythrocytes of patients 
with gout were measured. Methods were sought for the inactivation of 
adenylate kinase in freeze-clamped extracts of white skeletal muscle. 

Brendan Fitzpatrick 

Physiology Department. University College, Galway. 

Director: Professor D. J . O' Donovan. 

Hyperammonaemia and brain metabolising enzymes. 

The effect of raised ammonia! levels on brain metabolising enzymes 
was investigated. The brain and blood ammonia level was measured in 
control and carbon tetrachloride treated rats. This procedure damaged 
the liver and raised the level of blood ammonia. Blood glucose and blood 
urea assays were a lso perfonned on the same animals. 

John MeCrohan 

Department of Experimental Medicine, University College, Galway. 

Director: Professor S. M. La veil e. 

Histone 2b (Johns) and hexadimethrine on complete carcinogenesis in 
mouse skin. 

Three groups of twenty BALB mice were used. One served as control. 
All animals were painted twice weekly from ear to ta il on both flanks with 
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methylcholanthene I %. The right flank was treated twice daily with 
saline, histone and hexadimcthrine in the three respective groups. Painting 
was stopped at 10 weeks. Tumours were measured as they appeared. 
The number of mice bearing tumour, the number of tumours and their 
area were plotted for each flank in each group. 

The results were obtained at 23 weeks. 

No. Tumours 
Area (sq. mm.) 

CONTROL 
L R 
17 19 

439 909 

HISTONE 
L R 
14 22 

722 675 

HDM 
L R 
16 11 

486 965 

The model was not reliable but the histone 2b may be slightly inhibitory. 

Malacbi McKenna 

Department of Physiology, University College, Dublin . 

Director : Professor M. F. Murnaghan. 

Attempts to prolong the usefulness of the isolated ringer-per fused rat heart. 

The decrease in the force of contraction and the coronary flow which 
occurs when the isolated rat heart is perfused via the aorta with McEwan's 
solution was not prevented when a llopurinol, hypoxanthine or A TP 
were incorporated in the perfusion fluid. Cortisol phosphate combined 
with Insulin did reduce the fall in the force of contraction. 

Racbel D. Moore 

Department of Physiology, Trinity College, Dublin. 

Director : Dr. J. F. Andrews. 

The latency of action of injected thyroid hormone as determined by oxygen 
consumption. 

Latency of action of intravenously injected triiodothyronine (T3), 
as monitored by oxygen consumption in 253 male rats, was investigated. 
A circadian rhythm of oxygen consumption was demonstrated, which 
partly masked the acute rise due to injected thyroid hormone. lt appears 
that with the smaller dose of T3 (1 ~g/0.5 ml/200 gram) an early rise in 
oxygen consumption is seen, around one to two hours after injection, 
which fall s again before the main rise - occurring around 2- 3 hours. 
With the larger dose ofT3 (50 ~gJO.S ml/200 gram) no such early rise was 
apparent, but the main rise was evident around 2- 3 hours. A computer 
programme has been written for analysis of the data, which are part of 
a larger survey. 
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Brian M. Murray 

Sir Patrick Dun's Hospital , Dublin. 

Director: Professor D. G. Weir. 

Inhibition of free imrinsic factor activity by duodenal juice and bile. 

Evidence is presented that duodenal juice and bile contain a factor 
which renders intrinsic factor incapable of binding Vitamin Ba. The 
factor occurs universally in all duodenal juices and bile specimens ex
amined, and is stable to boiling for 10 minutes. rt was shown to be of 
intermediate molecular weight by both molecular filtra tion and column 
chromatography and is active over a wide pH range. 

Ronan O'Connell 

Department of Biochemistry, Trinity College, Dublin. 

Director: Dr. D. Powell. 

Research on Substance P. 

The radioimmunoassay method described for the biologically potent 
neurotransmittor Substance P (Powell et al. Nature New Biology 241: 
252, 1973) had a sensitivity of 300 picograms. The object of this work was 
to achieve a much more sensitive assay. 

An immunization programme was carried out in guinea-pigs and in 
goats, using Substance P coupled to gamma-globulin as antigen. Screening 
of the resulting antisera revealed a particular high-titer, high avidity 
antiserum (G B- 1-3- E). Using this antiserum, assay sensitivity could be 
increased 30-fold (present sensitivity is 5- 10 picograms peptide). 

The assay was applied to measure the distribution of Substance P 
within microdissected Substantia Nigra from control subjects, and from 
subjects dying with Huntington's Chorea, and its concentration compared 
to that of other possible transmittor substances (GABA, GAD, GLY, 
ASP, GLUT, etc.). 

Substance P was detected in unextracted human plasma (concentration 
range 500-50 picomoles per liter), indicating that Substance P circulates, 
possibly as a hormone, in blood. 
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Brigid O 'Conncll and Anne O'Donovan 

Department of Surgery, St. Laurence's Hospital, Dublin. 

Director: Professor W. A. L. MacGowan. 

A retrospective study of the role of radio-active fibrinogen counting in rhe 
diagnosis and management of post-operative deep vein thrombosis in a 
surgical unit. 

A retrospective survey of charts of patients who suffered from deep 
venous thrombosis and pulmonary embolism over the past ten years in 
St. Laurence's Hospital was carried out. The data extracted included the 
incidence of deep venous thrombosis detected clinically and by the Iodine 
Fibrinogen uptake test; the incidence of pulmonary embolism and the 
determination of risk factors. 

lt is hoped that up to a thousand patients' notes will be reviewed and 
worthwhile conclusions drawn from them. 

R. O 'Driscoll, BSc. 

Department of Biochemistry, University College, Galway. 

Director: Professor P. F. Fottrell. 

Immunological studies with pyruvate kinase from human placenta. 

Pyruvate kinase from human placenta was purified to homogeneity. 
Antiserum to the purified pyruvate kinase was raised in rabbits and the 
specificity of the antiserum was examined by a number of procedures. 
Preliminary studies were done on the development of a radioimmunoassay 
for placental pyruvate kinase. 

William O'Neill 

St. Vincent's Hospital, Dublin. 

Direcwr: Dr. R. Mulcahy. 

Coronary heart disease study. 

Work consisted of participation in the following research acttvtttes: 
1. The design of proforma for the study of the immediate natural history 

of acute coronary insufficiency. 
2. Field work in relation to the follow-up of patients with coronary 

heart disease. 
3. Preparatory work for the hospital committee on the computerisation 

of ECGs. 
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Ann O'Reilly 

Department of Biochemistry, University College, Dublin . 

Director: Dr. J. Scott. 

Determination of the nutritional activity of naturally occurring folates. 

Folates in nature occur as a mixture of reduced polyglutamyl derivatives. 
Because the chemical synthesis of such a range of compounds would be 
virtually impossible little work on the absorption of such mixtures has 
been done. It was hoped that chick liver could be developed as a non
chemical natural source which as well as getting over the difficulty of 
synthesis would also be closer to the situation in food. 

Chicks were injected with radioactive folate and the radioactive liver 
folates which resulted were examined. It was found that the activity was 
too low to permit absorption studies without either (a) increasing the 
amount of radioactivity incorporated or (b) increasing the amount of 
urine analysed. 

Colm Quigley 

Department of Physiology, University College, Cork. 

Director: Dr. W. G. Hall. 

Localisation of prostaglandin synthetase in frog skin. 

Frog skin was separated into its epidermal and dermal layers. Pro
staglandlit-like material (assayed on rat fundus strip) is released in equal 
amounts from both layers. The output from the dermal layer was signifi
cantly reduced by indomethacin (6~M). It is concluded that prostaglandin 
synthesis occurs in the dermal layer of the skin. 

P. F. M. D. Salmon 

Department of Pharmacology, Trinity College, Dublin. 

Director: Mr. P. L. Chambers. 

Analysis of Electroencephalograms. 

R ESEARCJI OBJECTIVES: 
The work set out to improve the method of anlysis of electroencephalo

grams which bad been devised and reported by Chambers et al. ( 1975). 
Initially the analysis was extended to a ten second epoch whereas the earlier 
analysis was able to deal with only a 1.25 second epoch. 
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Some mechanical failures prevented the completion of the work within 
the period of the grant However control periods were established on 
normal volunteers and the data is still being analysed. A new computer 
programme was needed for this analysis and this is still being developed. 

DESIGN OF 1 NVESTIGA TION: 
Mr. Salmon, the recipient of the grant, had first to be trained in the 

techniques of recording electroencephalograms and reading the recordings. 

EXPERIMENTAL RESULTS: 
The work has established a working basis whlch it is hoped to apply 

to a further problem of analysis of sleep recordings in patients suffering 
from insomnia and receiving drugs to induce sleep. 

The project is still ongoing. 

M. Slattery 

Department of Medicine, Regional Hospital, Galway. 

Director: Professor C. F. McCarthy. 

The cellular content of duodenal aspirate. 

The technique of obtaining and examining the cellular content of 
duodenal aspirate was established. This entailed passing a Dreiling tube, 
screening the tube into position using a portable image intensifier and 
aspirating fluid following intravenous injection of secretin. 

The number of patients examined was too small to evaluate the use
fulness of the technique and unfortunately none of the patients studied 
had neoplasm pancreas. 

J. P. R. Stewart 

Department of Physiology, Trinity College, Dublin. 

Director: Professor R. E. Moore. 

An investigation into the metabolic and thermoregulatory aspects of human 
ovulation. 

A veolar P02 and PC02, 02 consumption and C02 production, re
spiratory volume, peripheral blood flow, sweating, skin and ear tempera
tures, and a pressure of heat input from a water bath were all recorded 
using six normally menstruating females, within an insulated room kept 
at 32° C. 
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The results showed that in addition to the rise in core temperature 
between proliferative and progesterative phases of the menstrual cycle, 
changes in the thermoregulatory mechanisms especially the sweating 
threshold also occurred. However, the results of heat uptake studies showed 
no significant variation between phases. This suggests that the deep body 
temperature rise associated with ovulation is not just a simple matter of 
a decrease in thermoregulatory sensitivity. 

Satisb Thacoor 

St. Laurence's Hospital, Dublin. 

Director: Professor J. Stephen Doyle. 

Studies on intraluminal pressure on gall bladder and common bile duct 
of dogs. 

In this Research Project an attempt was made to produce a chronic 
preparation which incorporated poly vinyl tubing in the gall bladder and 
common bile duct of dogs. Once this had been established pressures were 
then measured on the various conditions in both gall bladder and common 
bile duct of these animals without anaesthesia. 

Following three or four failures due to technical problems a chronic 
preparation was prepared. 

This demonstrated the previously published information that there could 
be a pressure difference between the gall bladder and common bile duct 
in the dog suggesting the possible presence of some sphincter. 

For the first time also the effect of Clopramide on the canine biliary 
tract was observed. Following intravenous injection of this drug no 
significant alteration of pressure was noted in either the gall bladder or 
the common bile duct. 

G. A. Waters 

Department of Physiology, University College, Galway. 

Director: Dr. J. G. Logan. 

The internal ionic environment of synaptosomes. 

Synaptosomes (pinched off nerve endings) have proven a useful tool 
for synaptic investigations. (Na + - K t- ) ATPase is concentrated on the 
external membrane of synaptosomes (De Robertis, 1967) and may be 
directly involved in the re-uptake of the biogenic amines (Logan & 
O'Donovan, 1975). However high internal ( Na + ] have been reported 
for synaptosomes (Marchbanks, 1975) and Gilbert et al., 1975 report the 
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hydrolysis of exogenous A T P by a synaptosomal preparation. Using a 
method for rapidly isolating the synaptosomes from their incubation 
medium (Logan & O'Donovan, 1974) we can show that the high [ Na ' ] 
reported by Marchbanks (1975) are a result of a long isolation procedure 
during which Na + may diffuse into the synaptosomes but cannot be 
extruded (Logan & Waters, unpublished). 

From our stud ies on the influence of exogenous ATP on the accumula
tion of 3 H. NA & 3H-5HT we conclude that synaptosomes per se cannot 
hydrolyse exogenous ATP (Logan & Waters. in press). 

Mrs. NoUaig Whyte 

Mater Misericordiae Hospital, Dublin. 

Director: Professor T. B. Counihan. 

Asse:mnent of the cardiose/ectil•ity of timolol in comparison with other 
beta-blockers. 

The extent to which commonly used beta-blocking drugs atrect airway 
resistance in normal adults is controversial. The object of this study was 
to compare the effects of Propranolol, Practolol and Timolol on airway 
resistance, both at rest and during exercise at times when their effects 
on cxercJ'>C heart rate arc similar. 

fhis project was started but, unfortunately, because of uuforc'occn 
difficulties, it was not completed. 
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