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Physiological Sciences at St Andrews 

There have been many changes since the Society last visited St 
Andrews in 1986. In 1987 the Departments of Physiology & 
Pharmacology, Anatomy & Experimental Pathology, Plant 
Biology & Ecology and Zoology & Marine Biology merged to 
form the Department of Biology & Preclinical Medicine. An 
integrated modular honours teaching programme was intro-
duced, which for the first time afforded a wide range of Biology 
students access to physiological courses and likewise enabled 
Physiology students to benefit from courses in Cell Biology,
Molecular Genetics and Neuroscience. Special honours Physi-
ology proved to be one of the most popular degree courses 
within the department and 14 students will graduate in Physiol-
ogy this summer. The Department has retained its strong
commitment to teaching Physiology to medical students: around 
85 home and 16 overseas students graduate with a BMedSci 
degree each year, the majority ofwhom then go on to Manches-
ter to complete their medical training. The Wolfson Laboratory 
ofMolecular Neuropharmacology was opened in 1990 to house 
GCCottrell'sresearch group within the Bute Medical Building. 
The research facilities and aquarium at the Gatty Marine Labo-
ratory have also been substantially upgraded. Table space is 
now available at the Gatty for visiting research scientists (de-
tails on request). 

On the 15th December 1991 the Department of Biology & 
Preclinical Medicine joined with the Department of Biochem-
istry & Microbiology to form The School of Biological and 
Medical Sciences. The new School has 51 academic staff, 45 
contract research staff and 76 research students. It is housed in 
four buildings spread throughout the town. Plans are well 
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advanced for the creation of a second Research Institute within 
the new School, to be called the Laboratory of Molecular 
Medicine. This will complement the Gatty Marine Laboratory,
founded in 1885. One new Professorial and three lecturingposts 
have been approved for October 1992. 
Within the School structure, Physiology will continue to oc
cupy a central role, both in our Preclinical and Science teaching 
programmes and in our future research activities. It is intended 
thatresearchin the Physiological andPharmacological sciences 
will make a major contribution to the output of the new Labo
ratory of Molecular Medicine. The areasofresearchpresently
covered and the sourcesoffunding aretabulatedoverleaf. 

The University is committed to spending£4 -5 million over the 
next fewyears, for the purposes of upgrading both teaching and 
research facilities, so as to underpin these changes and to ensure 
the success of Life Sciences in St Andrews. Whatever further 
changes may be necessary in the future we are confident that 
Physiology will remain one of the largest and most important 
components of the new School. 
The Society's meeting in June will be preceded by a one-day 
Symposium on 'The regulation of sodium pump density in 
animal cells' organised by J F Lamb. There will be a Designated 
Session on ComparativePhysiology organisedbyE Taylor, and 
J F Aiton is arranging a display ofComputers and Software for 
Teaching Physiology. So, make the effort and head for the 
East Neuk of Fife, where an enthusiastic Scottish Welcome 
awaits you. 

Ian A JohnstonandEricFlitney 



Research areas at St Andrews 

Studies of Na -K ATP-ase and guanylyl cyclase enzyme activities, sodium pump sites, 
plasma ANP levels and ANP receptors in tissues from normo- and hypertensive rats 

Structural and physiological studies of echinoderm nervous systems 

Chemical microanalytical and electrophysiological studies of identified molluscan 
neurones secreting FMRMamide-related peptides 

Design of novel, photodegradable, nitric oxide 'donor' molecules ('caged NO' sources) 
as antihypertensive and tumouricidal agents 

Mechanisms of amino acid neurotransmitter release, uptake and receptor action in 
normal and abnormal brain function 

The control of pituicyte hormone secretion by hypothalamic neuropeptides and 
mechanisms of increased responsiveness to electrical stimulation of vascular smooth 
muscle from hypertensive animals 

Endocrine control of osmoregulation in teleost and elasmobranch fish 

Neural control of limb coordination in the crayfish swimmeret system and of jumping 
in grasshoppers 

Muscle function during swimming in fish, influence of temperature on muscle develop- 
ment in teleosts and temperature adaptation in ectothermic vertebrates 

Regulation of sodium pump density on cells and application of chaos theory to the heart rate 

Cellular responses to nerve injury in the insect nervous system; modulation of electrical 
properties of neurones 

Sensory processing and motor rhythm generation in vertebrate spinal cord 

Control of cytoskeletal assembly and function during morphogenesis 

Review of Medical Physiology by William F 
Ganong (15th edition, Lange, 1991) 

Textbooks of Physiology, like curates' eggs, are usually good 
in parts. For lecturers attempting to decide which textbook(s) to 
recommend to their students, the problem is then one of decid-
ing whether the good parts outweigh the mediocre ones. For 
some books, "outweigh" is definitely the appropriate word, and 
bathroom scales are the most appropriate measuring instru-
ment! The new (15th) edition of "Review of Medical Physiol-
ogy" by William F Ganong has the immediate advantage of a 
compact format, yet nevertheless covers the subject in com-
mendable and easily readable detail. The book makes admirable 
use of diagrams, and there are few pages which do not have at 
least one illustration. However, the book is monochrome and 
some of the illustrations would be clearer in colour (for exam-
pie, the pictures of muscle on p69, or the glomeruli on p652). 
The layout of the book is conventional. It begins with bodyThe ayot isconentinalo theboo Itbegis wth ody 
fluids, cellular physiology and homeostasis. This is followed bynerveresistancenervasindsle physiology, edcirinologand eabi, 
gastrointestinal physiology, circulation and respiration, and 
lastly the kidneys and regulation of body fluids. This format is 
likely to match fairly closely the structure of most preclinical 
physiology courses. 
In his preface, the author states that "it has not been possible to 
be complete and concise without also being dogmatic". This 
would be a failing of the book, if it were actually true. In fact 
though, there are many instances in which it is admitted that 
there are areas of controversy and uncertainty. For example, in 
relation to the outer hair cells, Ganong states "... these hair cells 
improve hearing by influencing the vibration patterns of the 
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basilar membrane, but the exact way they alter the patterns is 
unknown". Many more admissions of uncertainty are apparent
in the chapter on the neural basis of instinctual behaviour and 
emotions. In my view, such admissions are valuable and serve 

to remind the student reader thatphysiology is still a developing 
subject and that much research remains to be done. 
A more obvious failing (which again is common to many 
textbooks) is to juxtapose essentially conflicting information 
without giving the reader any clues as to how to resolve the 
conflict. A good (ie bad) illustration of this is in the section on 
renal function. On p654 are sectionson"Regulation of theRenal 
Blood Flow" and "Functions of the Renal Nerves". Here we are 
told that "catecholamines constrict the renal vessels", and 
"when systemic blood pressure falls, the vasoconstrictor re
sponse produced by decreased discharge in the baroreceptor 
nerves includes renal vasoconstriction. Renal blood flow is 
decreased during exercise ...". All of this is fine and I have no 
quarrel with it. However, on the facing page (655) is a section 
on "Autoregulation of Renal Blood Flow" which begins "When the kidney is perfused at moderate pressures, the renal vascular 
eidne ies t mereress th e vascularrenalvaries with the pressure so that renal blood flow isrelatively constant". How is the student to reconcile this un

qualified statement with the preceding ones? It needs to be said 
that the kidney actively participates in blood pressure regulation 
rather than (as autoregulation implies) passively reacting to 
blood pressure. All of these criticisms are minor, however, in 
relation to the book's good points - modest price, portability, 
and lots of accurate information in a readable form. The fact that 
it is now in its fifteenth edition is a mark of its success, which is 
thoroughly deserved, and the book can be confidently recom
mended both to the first year student and the physician wishing 
to refresh his/her memory. 

ChrisLote 
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Committee News 

Affiliates 

The Society extends a warm welcome to the candidates below 
who have recently been accepted for Affiliation to the Society. 
Andrew Amos, Uma Anand, David Bates, Carla Buzato, Mark 
Carew, John Carstairs, William Coetzee, Martin Cook, Shauna 
Cunningham, James Deuchars, Laura Diaz-Arnesto, Clare 
Franks, John Freeman, C R R Gallegos, Michael Gilbert, 
Andrew Griffin, Philippa Hudson, Charles Kennedy, Kamran 
Khodakhah, Nicola King, Brenda Lovegreen, Mark Lynch, 
Margaret Maclean, Ceri Mathews, Helen McAlroy, Anatole 
Menon-Johansson, David Meredith, Richard Morton, Alistair 
Montgomery, Bruce Montgomery, Hamid Najafipour, Jane 
Nally, Hugh Pearson, F Clare Rind, Angus Shaw, Ian Spencer, 
Osama Tashani, John Tattersall, Alison Templeton, Farouk 
Vawda, V Weerasinghe, Miles Whittington, Robert Wilkins, 
Edward Winter, Fashan Zheng, Shi-Yi Zhou. 
A tear-out application form for affiliation is included at the back 
of this Newsletter, together with guidelines for candidates and 
their proposers. This form of association with the Society is 
open to post-graduate students registered for a higher degree inPhysiology or a cognate subject, and to post-doctoral workers,
in laboatories in theUK and the Republic of Ireland. Affiliates 

can receive precirculated Abstracts, Programmes and Newslet-
ters, can attend Meetings in their own right (though they still 
need to be introducqd by a Member if giving a Communication 
or Demonstration) and can also join Special Interest Groups. 

Affiliations and Relations with Other Bodies 

The Biological Council (to which the Society was formerly 
affiliated) has gone into liquidation following its amalgamation 
with the Institute of Biology. The driving force behind this 
amalgamation was the unification of the biology profession so 
that biologists could speak authoritatively and with one voice to 
government, other bodies and the public about various key 
issues. The Society has now accepted an invitation to affiliate to 
the Institute of Biology. The benefits of affiliation include an 
annual meeting ofrepresentatives of learned societies to discuss 
common problems, and access to the IOB's office accommoda
tion and services in the Centre for Biology, including use of 
their Council and Committee rooms for meetings and use of 
their press office for advice on and distribution of press state
ments. 
The Society has also joined "Progress", the body which cam-
paigned to ensure embryo research would be able to continue atthe time when the Human Embryology Bill was being debated. 

Members are reminded that ARMS (the Association of Re-
searchers in Medicine and Science) would like as many of them 
as possible to sign up for membership. The more members 
ARMS can claim to represent, the more powerful its voice is 
likely to be. Membership costs only £6 a year (or £3 for those 
who are students, retired or unemployed) and forms are avail
able from the Administration Office. 

Animal Welfare 

The Committee has been discussing how antivivisection propa
ganda can best be countered. It is easy to see why physiologists 
are unwilling to respond individually to, say, letters in the local 
press. However, it was suggested that, in universities, high level 
officials and press officers should be briefed in detail. Informa
tion packs containing useful leaflets summarising the counter
arguments to the mostcommonly voiced criticismsof the use of 
animals are being circulated to Heads of Departments. Further 
copies are available from the Administration Office. The Re
search Defence Society has a video which could be used to brief 
MPs as well as university personnel. 
The schools are an important battleground, yet many people are 
apprehensive about facing large groups of schoolchildren to 
talk about the subject ofanimals in medical research. If you are 
properly prepared with a good set of visual aids, far from being 
an unnerving experience, giving a talk is tremendously satisfy
ing. The experience is commonly that the audience enjoys their 
first proper chance to talk to somebody who has first-hand 

owledge of animal-based research. The Research Defence 
Society (RDS) is currently producing a speakers' pack, for use 
in schools, that consists of 24 slides with script, short notes on 
how to give an effective presentation and some commonly
asked questions and suggestions on how to answer them. 
Members of the Committee who have used the pack have found 
it particularly useful, in that it makes giving a talk surprisingly
light work and an easier and more enjoyable experience than 
one might imagine! Simon Brophy, the Education Manager of 
the RDS, will be organising one-day training sessions on using
the package later this year. 

The Committee are particularly keen to encourage Members to 
take up this role and would be delighted to hear from anybody 
who is interested in this vital public relations aspect ofscience. 
Anybody who would first like to watch a speaker in action is 
urged to telephone Simon Brophy at the RDS on (071) 287 
2818. Alternatively Members may wish to contact individual 
members on the Society's Animal Welfare Sub-committee for 
any further information (Janice Marshall, Lynn Bindman, John 
Atherton, Cec Kidd, David Eisner, Peter Ellaway and David 
Cotterell). 

Update for the 1993 Grey book 

The listing of female Members by forename and men by initials 
has been criticised as being discriminatory. The Committee has
agreed that this discrimination should be ended and the use offorenames for both sexes should be encouraged. The Commit
tee is therefore asking Members to confirm how they would like 
their entries to appear -a returnable form is included at the back 
of this Newsletter, or you can check and amend your Grey Book 
entry in person at the Oxford Meeting. 
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Publications Sub-committee 

(Members: Graham Dockray, John Widdicombe, David 
Cotterrell, Jim Gillespie, Cec Kidd, Nick Standen, Richard 
Dyball, Ann Silver, Julian Jack, Peter McNaughton,
Humphrey Rang, John Atherton and Alan Brown). 

The Journalof Physiology 

The abolition of the rule that authors' names be printed in 
alphabetical order has been hugely successful in increasing the 
number of high-quality papers submitted to the Journal. How
ever, such success breeds its own problems. Its readers will 
notice that, to keep publication delays to a minimum, the 
number of papers per volume has been increasing. This clearly 
increases both production and carriage costs, at a time when 
commercial subscriptions are falling. The Journal appears to be 
moving rapidly from a significant income-generator for the 
Society to mere break-even point, 

The Committee, in conjunction with the Editorial Board, has 
been considering a number of options. 

I 	 In-house production of camera-ready copy. Following 
the successful implementation of this for the precirculated 
Abstracts and Proceedings volumes, there have been de- 
tailed discussions and calculations on the feasibility of 
embarking on a similar project for Journal papers. Although 
this would involve initial substantial investment in equip-
ment and staffrecruitment and training, current calculations 
suggest that these costs could be recovered within only a few 
years and would result in substantial production savings 
thereafter. This possibility is still being explored and exter-
nal professional advice will be taken before any decision is 
made. 

Foreign Secretary's Sub-Committee 

(Members: Denis Noble, Annette Dolphin and David Eisner), 

Support for Physiologists in the Emerging Demo-

craciesof Central& EasternEurope, ThirdWorld 

Countries and the Commonwealth ofIndependent 
Nations 

The Committee has agreed to extend the Foreign Guest scheme 
(see pages 52 and 53 of the current Grey Book) and actively 
encourage Heads of departments hosting Scientific Meetings of 
the Society to include such physiologists as Guests. The Foreign 
Secretary, the Committee and the convenors of Special Interest 
Groups will be encouraged to make nominations. The Society 
will bear the costs for up to four such Foreign Guests per 
Meeting, including modest entertaining costs. Such Guests 
should be encouraged to give a communication or poster, with 
a view to becoming Foreign Members of the Society. If there is 

a clear need, part or all of the air fare may be paid - but this part 
of the support will be limited to one guest per Meeting. Al-
though the invitations will still be under the aegis of the Foreign 
Secretary, the responsibility for all travel, accommodation and 
reception arrangements will continue to reside with the Head of 
the host department. 

2 	 Journals Management Group. While responsibility for 
the scientific quality of the Journal resides with its Editorial 
Board, the Committee of the Society, through the Treasurer, 
is responsible for controlling expenditure. It is felt that there
should now be more active co-operation between the two in 

determining longer term policies, strategies and budgets. 
The Committee is therefore proposing to establish a small 
management group with clearly defined terms of reference 
to facilitate decisions ofpolicy onjournals, including repre
sentatives from both parties. 

3 	 Change of format. In 1990 CUP prepared a wide-ranging 
analysis of the performance and price of The Journal of 
Physiology in relation to its circulation, price indices, com
petitors, cancelled subscriptions, distribution to Society 
Members, content, quality and format. One suggestion was 
that some savings in production costs could be made if the 
format of the Journal were changed to American A4, dou
ble-column. However, CUP have reservations about intro
ducing this option at the same time as the Society starts to 
provide camera-ready copy. Other methods of saving pro

duction and distribution costs - eg slight reductions in 
margins, print size and paper thickness and other changes to 
page layout - are being explored. 

4 	 Membership subscriptions. In 1992, we estimate that it 
costs the Society £125 - double the amount paid for the 
whole Membership subscription - to provide a UK Member 
with the Journal. Of course, the cost is still greater for 
Members resident overseas. The Committee is considering 
whether Members should be asked to make a greater contri
bution towards this cost. 

Deaths & Resignations 

We have received notice of the deaths of Professor R W Gilliatt
and Dr H N Segall and the resignations of Dr S Freedman, Prof 

M Goffart, Dr K J Hill, Dr J Maclagan, DrR J Phipps, Dr J M 
Young and Prof M Weatherall. 

Congratulations 

- to Jonathan Ashmore on being elected G.L. Brown Prize 
Lecturer 

- to Colin Blakemore on being elected aFellow of the Royal 
Society 

- to Graham Dockray on being elected G.W. Harris Prize 
Lecturer 
to Hugh Matthews on being elected Wellcome Prize 
Lecturer for 1992 

- to Denis Noble and Edward Carmeliet on being awarded 
the Pierre Rijlant Prize for cardiac electrophysiology for 
the period 1988-9 1. 

-	 to Mike Spyer on being elected Annual Review Lecturer 



Grants Sub-committee 

(Members: Graham Dockray, Peter McNaughton, Chris 
Fry and Annette Dolphin). 

PostgraduateSupportFund 

The criteria for eligibility have now been agreed and the full 
details of this award are set out below, 

A sum of £10,000 has been allocated to provide support for 
postgraduates in exceptional circumstances such as periods of 
ill-health, absence ofessential facilities, disruption of supervi-
sionetc, toassistin thecompletion of theirresearch projects and 
to bridge the period between graduation and the availability of 
full-time posts for especially gifted students. The funds cannot 
be used to initiate a programme of research nor for a purpose 
normally supported by the Dale and Rushton Funds. 

or a cognate science,Eligibility: Graduates in Physiology, 
engaged in research in the UK in a department of Physiology, 
or cognate science, when their supervisor is a Member of The 
Physiological Society. Applicants will need to demonstrate the 
progress of their research programme by submitting copies of 
abstracts that have been presented at meetings of The Physi-
ological Society and any other published material. Applicants 
will normally be registered for a PhD, although MPhil and MSc 
students may apply. 

Letters and reports 

DearEd 
You may not recall, but when Iwas Honorary Secretary of the 
Physiological Society I conducted an unremitting campaign 
against the propitiatory use of inverted commas. It always 
seemed to me that if the meaning was clear it should be 
expressed as accurately as possible, if it was not then it was best 
left unsaid. Such a view is supported by Fowler, and of course 
more generally by many philosophers, see Proposition 7 of 
Wittgenstein in the Tractus where admittedly the significance is 
considerably more subtle. 
Picture if you will my shock and dismay when seeing the early 
print of the little piece I wrote for your organ about University 
funding only to find some beastly sub-editor had inserted 
unwanted commas in the very first line. Think what such a thing 
would do to the infinite refinement and wit ofJane Austen if the 
word truth in the opening line ofPride and Prejudice had ben so 
mutilated; I quote "It is a truth universally acknowledged, that 
a single man in possession of a good fortune, must be in want of 
a wife". I know my opening sentence is like a sledgehammer
with this elegant irony but your sub-editor converts it into a 
steam hammer. 
At Society meetings I always lost the argument to the forces of 
darkness. You have put my reputation at risk and "hells founda-
tions are quivering pretty briskly now". I would not wish my 
friends to think I had been converted to this foul usage. 
With kind regards,
Tim Biscoe 

Awards: The maximum award allowable will be £1,000 and
 
not more than one award will be permitted to an individual.
 
(Since the funds available are small, it is proposed that, in the
 
first instance, only a single award will be made to any one
 
institution in any one calendar year.)

Applications must be supported by confidential letters of
 

support from the supervisor and Head of Department. A simple
 
application form will be completed with a standard curriculum
 
vitae and sections requesting information on the purpose for
 
which the support is requested, background to the project and
 
accomplishments to date will be identified.
 

Evaluation: Applications mustbe made via the Administration
 
Office. Applications should normally be submitted before 31
 
July each year, though applications at other times will also be
 
considered. Completed forms and copies of all relevant infor
mation, including the present funding situation, will be circu
lated to all members of the Grants Sub-Committee who will
 
score the application on a 1-5 scale. Normally, grants will be
 
awarded if the average score is 2or less and sufficient funds are
 
available.
 
To obtain an application form, please write to the Society's
 
Administration & Publications Office, PO Box 506, Oxford
 
OX1 3XE, phone on (0865) 798498 or fax on (0865) 798092.
 
Members areremindedthat,if they know ofanyone working in 
orfor thesupportofPhysiology who is in "necessitouscircum
stances", they should contact one of the Benevolent Fund's 
Trustees(aslistedinthe GreyBook) oritsAdministrator(in the 
Oxford office) to seeifhelpmight be availablefromthatsource. 
The Fund can provideinterest-freeloansto those who qualify 
for help, aswell as grants. 

DearEd 
Physiology, and indeed other sciences, has changed somewhat 
over the last couple of decades. This is due in the main to 
advances in experimental techniques, but there have also been 
changes in the ways in which we interpretexperimental results, 
particularly other people's. I have not been a card-carrying
physiologist nearly as long as many an eminent Member of the 
Society, but my impression is thatat least over the last ten years 
or so criticism has tended to move more to the destructive than 
the constructive species. Whether this has any relation to the 
prevailing political and social climate is open to debate. The 
Society's meetings seem to have been relatively immune to 
such changes. Indeed if anything criticism of all types is 
somewhat lacking, but that is a different matter and I pass it by. 
In many an international meeting, for example, it is fairly 
common for a clique (sorry, a group of eminent scientists 
working together in the same field) to hijack a session, indulge 
in some mutual back-slapping/stabbing. "Firstly I would like to 
thank Al/Bill/Professor Scroghorn forhis excellentand thought
provoking presentation, which I found most interestingamus
ing/incomprehensible. However I would just like to point 
out...". This often does little to enlighten us lesser mortals, other 
than as an exercise in one-upmanship, and smacks ofbig fish in 
small ponds. Where are the great debates of the past? Probably 
in those sessions that I didn't attend. 

I would like to expand, however, on an area of destructive 
criticism that I believe could have a detrimental influence onscientific progress, or at least on understanding. This is the 
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denigration of preparations. By this I do not mean justifiable 
censure of a poor experimental technique, but criticism of a 
preparation for what it is not. Iam sure that many have suffered 
such criticism at some stage, either at meetings or from the pens 
of referees, and one immediately comes to the possibly justified 
conclusion that yourcritic uses a"competitive" technique. I will 
not dwell on the complex subject of the use of animals to study
human physiology, as this has been done far better elsewhere, 
other than to state the obvious and say that in the end, if you are 
looking to cure or alleviate disease, the buck stops with the 
patient. 

By way ofexplanation I will use as an example the study of the 
vasculature. A wide range of experimental techniques have 
been and are being used to investigate the physiology of thevessels. These range from whole animal preparationsblood vsesThsragfrmwoeaiaprprtns 
including man, to isolated organs, vascular beds, vessels, vas-
cular smooth muscle cells, and even subcellular organelles such 
as plasma membrane fragments. To take an extreme view, it is 
easy to say that apiece ofmembrane, stuck to aglass pipette and 
ripped off a cell that has likewise been treated with powerful 
enzymes so as to divorce it from its neighbours, is not going to 
behave as it would in vivo and in contact with the normal 
intracellular and extracellular fluids. This is understood. This is 
expected. But in order to understand the function of membrane 
channels we must try to obtain as simple a system as possible, 
and this is still very complex. Conversely studies on whole 
animals must inevitably impinge on a multitude of systems, and 
although much useful and important information has been 
obtained by use of the black-box approach, we are also inter-
ested in the contribution of individual sub-systems, and sub-
sub-systems. The problem is that we have a conflict between 
Occam's razor and Heisenberg's uncertainty principle. In order 
to understand the underlying principles we must dissect down 
to the simplest system, but in doing so the very things we are 
looking atdiverge furtherand further away from what they were 
in situ. 
At this point you are probably saying that this is all obvious, but 
read on. From the extremes let us look at three techniques that 

Report on Manchester Teaching Symposium 

A Teaching Symposium on "Neural Control of Skilled Human 
Movement", organised by Fred Cody of the host department, 
preceded the Manchester meeting of the Society on 8th January 
1992. The Symposium was attended by over 100 participants, 
including physiology, pharmacology, biology and engineering 
lecturers, clinical neurologists and geriatricians, dentists, physi-
otherapists, speech therapists and post- and undergraduate 
students. 

Attention was largely directed to the neural control of voluntary 
movements of the hand and arm since these examples of skilled 
human movements have been investigated most extensively, 
The production of speech sounds, another prime example, was 
also considered. Most speakers took as a topic one of the major 
motor centres and provided an update on current understanding 
of its role in human motor control. Each talk was followed by a 
lively discussion period with plenty of audience participation. 
An interesting and refreshing feature soon emerged, perhaps 
related to the teaching context of the meeting. Contentious 
issues were debated with an openness rarely found on purely 
research occasions and none of the speakers was overly defen-
sive about his own work. This very much added to the friendli-
ness and informality of the day. 

are rather closer together: the isolated perfused vascularbed, the 
small vessel wire mounted myograph (eg the Mulvany-Halpem 
myograph), and the perfused small vessel myograph such as 
Bill Halpem's. All three techniques have been used extensively 
to investigate vascular reactivity, although the last has only 
recently become readily available. All three have shortcomings 
which have been extensively examined, but their relative im
portance depends on what we are trying to study. Certainly the 
perfused bed is closer to the situation in vivo, but there may be 
complications for example with both endothelium derived 
compounds being released up stream, or extra-vascular modu
lators. The wire myograph has no flow though the lumen, and 
the extra- and intraluminal fluids are the same, but the prepara
tion is close to isometric, and wall tension can be accurately measured. The perfused small vessel myograph would on the
face of it seem a most acceptable preparation, and so it may 
face o it ee heresthe prento the s itat 
prove. However even here the movements of the vessel wall that 
are recorded as a measure of reactivity may be very different 
from those that would occur in situ when the vessel is sur
rounded by tissue. There are ofcourse other limitations for each 
technique, but this does not mean that we should dismiss such 
techniques out of hand. We accept the limitations and make our 
conclusions having taken them into account. The data really 
falls into place when experiments using different techniques are 
compared, when a difference in response can tell us as much as 
a similarity. 
In order to understand the physiology of a living creature we 
must use awiderange of inherently flawed techniques. Yeteach 
technique may be able to correct for the grossest excesses of its 
neighbour, assuming its own limitations are understood. Thus 
we can move from the excised patch to whole cell, and thence 
to smooth muscle, whole vessel, vascular bed and organ, 
without quite losing sight of the animal for the sake of the cells. 
The point that Iam trying to make is that a technique should not 
be discarded as useless unless it is fatally flawed, but that of 
course may be a matter of opinion. 
With kind regards 
Jeremy Ward. 

John Rothwell spoke about'"The role of the basal ganglia in the 
control of skilled movements ". Two take-home messages 
stood out. First, an important advance of recent years has been 
the identification ofa number of structurally and functionally 
parallel loops (motor loop, oculomotor loop, prefrontal loops, 
limbic loop) which link the cortex, basal ganglia and thalamus. 
Each loop focuses upon a different region of the frontal lobe. 
Thus, the basal ganglia may simultaneously regulate several 
diverse frontal lobe processes eg control of behavioral sets 
(prefrontal and limbic loops) and the planning and execution of 
limb and eye movements (motor and oculomotor loops). Sec
ond, the significance of the inhibitory nature of the basal 
ganglia output nuclei (eg globus pallidus) has been recognised. 
Normally pallidal neurones, by virtue ofhigh tonic firing, limit 
the activity of their targetneurones (thalamo-cortical excitatory 
projection). This could help suppress unwanted and inappropri
ate movements. Conversely, phasic reductions in the discharge 
of these inhibitory efferents would produce disinhibition of 
thamalo-cortical neurones and assist in triggering or facilitat
ing cortically initiated movements. This scheme provides a 
basic explanation of some common movement abnormalities 
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of human basal ganglia disease. The poverty of movement of 
Parkinson's disease and the exaggerated movements of Hunt-
ington's disease would arise, respectively, from overactivity and 
underactivity of the basal ganglia's inhibitory output to the 
thalamus. 

John Stein took as his subject "The role of the cerebellum in the 
visual guidance of movements". One important principle of 
cerebellar operation is that the two main afferent systems, the 
mossy and climbing fibre systems, relay essentially different 
sorts of information. The mossy fibre afferents convey detailed, 
quantitative information (eg amplitude/velocity) about stimuli 
to one part of the cerebellar cortex whereas the climbing fibre 
afferents signal the occurrence of unexpected events to another 
region. The climbing fibre discharges accompanying unex-
pected or novel events may, by long term synaptic depression, 
modify the responses of the Purkinje output cells to mossy fibre 
inputs so as to optimize the coordination of movements. Another 
basic feature of cerebellar operation is predictive control. Most 
movements take place too rapidly for conventional negative 
feedback to work effectively. Therefore, earlier suggestions that 
the cerebellum has a comparator role in a feedback loop are too 
simple. Instead, the cerebellum is probably concerned with 
adaptive calibration of a feedforward system. 
Roger Lemon discussed "Cortical control of skilled movement" 
and particularly the importance of the cortico-motoneuronal 
(CM) projection for skilled hand movements. A fascinating 
segment of film of Kuyper's classical studies on the effects of 
pyramidal tract lesions on manual dexterity in primates vividly 
illustrated this point. Recent experiments have revealed that 
individual CM cells control small, synergistically related groups 
of muscles, are preferentially active during the execution of 
independent finger movements and receive short-latency sen-
sory inputs from the hand. The cortical "motor map" should no 
longer be considered simply as a somatopic representation of 
muscles, butratheras clusters of outputneurones which form the 
building blocks of complex movements, 

Volker Dietz's subject was "The behaviour of reflexes during 
skilled movements". He reviewed the properties of short- and 
long-latency stretch reflexes. Recent evidence suggests differ-
ences between the long-latency reflexes of distal and proximal 
arm muscles both regarding their afferent origins and their 
central pathways. Long-latency reflexes of distal muscles arise 
from muscle spindle Ia afferent input and are mediated by a 
transcortical route whereas those of proximal muscles are gen-
erated by group II afferents acting via polysynaptic spinal 
circuits. Another key point was that long-latency reflexes show 
task dependent modulation. The reflex responses of elbow 
muscles to perturbations were far more pronounced during 
control ofposition than during control of torque. Additionally, 
in the former situation the size of reflexes correlated with the 
acceleration of the disturbance whilst in the latter with velocity, 
This suggests that gamma-motoneuronal activity, and muscle 
spindle responsiveness, may be differentially controlled accord-
ing to the nature of the task. 

Kerry Mills in his talk "Impairment of skilled manipulation in 
patients with lesions of the motor tracts", discussed some of the 
information about normal cortical mechanisms obtained in 
recent studies of patients with disordered hand skills. Record
ings of the discharges of single motor units in the intrinsic hand 
muscles of patients with multiple sclerosis, evoked byelectrical 
or magnetic stimulation of the cortex, have suggested that 
several sorts of abnormalities of descending cortico-spinal 
volleys may contribute to impairment of fine finger move
ments. The causes of reduced excitation and firing of 
motoneurones include (i) a reduction in the numbers of effec
tive cortico-spinal fibres and resulting motoneuronal EPSP 
amplitude, (ii) temporal dispersion of the EPSP following 
delayed cortico-spinal conduction and (iii) frequency-depend
ent conduction block. 
Jim Lund (CRSN, Montreal) presented a paper, co-authored by 
David McFarland, tiled "The control of speech". The produc
tion of speech sounds is complex and requires the coordinated 
activity of the respiratory, laryngeal and oro-articulatory motor 
systems. Unfortunately, since speech is uniquely human, the 
lack of suitable animal models has hindered detailed 
electrophysiological investigation. However, several cortical 
regions seem to be essential for generating speech eg primary 
motor cortex via its projections tocranial and spinal motoneuronal 
pools, supplementary motor, postcentral sensory, auditory and 
language areas. Less is known of subcortical mechanisms, 
although the basal gangliaand cerebellum appeartobeinvolved 
and disease of these centres causes speech disorders. In man, 
lesions of the central grey matter of the brainstem, probably 
corresponding to a primitive vocalisation centre, produce mut
ism. An interesting, as yet unresolved issue, is the extent to 
which central pattern generators for mastication and respiration 
are utilised in speech production. 
In the final session, participants were encouraged to put for
ward, for general discussion, their most frequently asked stu
dent questions or points which they found most difficult to 
teach. This proved a popular and constructive way of rounding 
off the Symposium and provoked a prolonged (approaching an 
hour) and wide-ranging exchange of ideas. Discussion only 
terminated when sherry was due to be served. Amongst the 
questions discussed were:- How does magnetic stimulation 
work, which cells does it excite and why does voluntary
contraction produce larger responses? If cortico-motoneuronal 
(CM) cells invariably innervate more than one muscle, how can 
voluntary contraction of single muscles ever be achieved? Do 
CM projections to speech muscles have similar properties to 
those to hand muscles? Is the classical subdivision of respira
tory areas, from brainstem section experiments, into pneumo
taxic, apneustic, medullary etc. centres, still valid? Is there 
really any hard evidence for the existence ofpolysynaptic spinal 
reflexes or is this a convenient holdall label? 
It is expected that a study guide, based on the Symposium and 
as part of the series "Studies in Physiology", aimed at more 
advanced undergraduates,postgraduate students and theirteach
ers will be published by Portland Press in due course. Assur
ances have been given that it will contain at least some of the 
answers. 

Fred Cody. 
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Views 

University Finance, Indirect Costs and 
Devolved Budgets 

The BirminghamExperience 

In his article for the Newsletter, Tim Biscoe has explained some 
of the mysteries of the way in which the UFC arrives at the 
Block Grant that it gives to each university as a contribution to 
their funding and the implications that this has for the funding 
ofresearch. There is a lot of interest in money and how it arrives 
in the university these days. I sometimes wonder how important 
the issue is for most members of staff, and whether the interest 
is counter-productive. Clearly, someone has to worry about 
finance and how money is used, but even more importantly the 
majority of people should be able to forget about it and get on 
with the main issue - doing the science! Certainly, some of the 
interest comes from a mistrust ofcentral university authorities 
by staff who do not think that "they" understand what is 
required.But some of the interest comes simply from the 
availability of information. Years ago, the then UGC (now 
UFC) gave out very little information about how the Block 
Grant was determined. Vice Chancellors had to rely upon insideinformation and half-calculation half-guess to see its signifi-

cance.Under the circumstances,it was not surprising that they 
were very reluctant to let out uncertain information because of 
the effect itmight have on people's perceptions and their own 
management systems. Now the information is fairly freely 
available to staff working in departments. Does it help them? As 
Tim points out, the information is necessary if individual 
scientists need to work out how to cost their grant applications 
and contract proposals. Perhaps it does also helppeople put their 
work in context. 

The Birmingham Approach 
Itmaybeworth lookingatthe way thatthis information hasbeen 
used in Birmingham, and the implications that have emerged. 
To follow the argument, it is necessary to know the organisation 
of the University. The main Unit of organisation is the School. 
This consists ofa group of staff, under a Head, who are involved 
in a particular area of academic work. There are 32 Schools in 
the University, some of them are therefore quite large. In some
large Schools, departments remain as identifiable units, but as 
research and teaching become increasingly inter-disciplinary, 
their significance may change. So, at present, Physiology in 
Birmingham is a department in the School of Medicine. Each 
School has not only devolved academic responsibility, but also 
devolved budgets and substantial freedom in the way it uses 
them. 

In the resource allocation process that is currently used, each 
School receives all of the income that it "earns" from its 
research and teaching and other activities, but it must meet all 
of the costs that it generates, both direct and indirect. The direct 
costs are easy to see: they are the salaries of the staff, both 
academic and support; the office expenditure including postage 
and telephone; the expenditure on consumables and materials; 
service contracts; and so on. The indirect costs are more 
difficult. They would include the costs of the space occupied 
and its heating, lighting, cleaning and maintenance, academic 

services like the Library, theComputing Service, Animal House 
etc; administrative services like the Registry, Finance Office, 
Estates Management, Staffing Services and so on; there would 
be the Vice Chancellor's office, Examinations, Chaplains, 
Counselling, student support etc, all the way down (or up) to 
pensions. There are 40-odd categories and for each there has 
been an analysis to determine the full cost and the usage made 
by each School so that the cost can be distributed in a fair way. 
The analysis has been well worth while. Administrative and 
other costs can no longer be hidden and each activity can be 
judged upon both the contribution that it makes to the Univer
sity and its full costs, both direct and indirect. So each School, 
and each department within it, can see what it"earns" as a result 
of its activities, also its full costs and where the money goes. 
What advantages and disadvantages have come from this ap
proach? Perhaps it is too early tojudge, the system has onlybeen 
running properly for two or three years. However, some things 
are already clear. 

The Advantages 

Betterinformationshouldleadtobetterjudgementaboutwhich 
activities are worth while academically and whether they can be
afforded, and it allows thatjudgement to be made by the School 

or department rather than by some distant "management team" 
who "don't understand the needs of the subject". 
The information also makes it easy to see what costs should be 
built into grant applications and into contract proposals, and 
whether the activity can be justified on both academic and 
financial grounds. 
Interestingly, the approach has raised the importance of teach
ing as an activity because itis clear thata largepartoftheincome 
comes with the students. Very few departments could survive 
satisfactorily on their research income alone. Research there
fore depends upon teaching for most departments. 
The relationship between the academic departments and the 
administrative services has also changed. The departments are 
now clearly the "customers", "paying" for the service that is 
provided and able to ask questions about value for money and 
whether or not the service is appropriate. As you might imagine, 
there are limits to this free market relationship, the whole 
university has certain responsibilities and a large degree of
coherence in approach is necessary. There is however a better 
understanding that if the academic departments are not success
ful, then the whole organisation is not successful. It remains to 
be seen whether this results in less administration or more! 

The Disadvantages 
On the whole, the advantages outweigh the disadvantages, but 
there are certain problems that have emerged. 

Thereis no doubtthat more timeisbeing spentbyacademic staff 
in the departments on administrative and managerial tasks. 
Whether this would have happened in any case is not clear. 
Universities have certainly become more complex, and mana
gerial problems have grown for many reasons not only more 
open resource allocation: for example, academic accountability 
and audit. I suppose that it is inevitable, if better information is 
to lead to better outcomes, that more time must be spent in 
assimilating and understanding the data. 
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More seriously, there is a growing tendency for Schools and 
departments to adopt a "market trader" approach: "never mind 
the academic value, count the pound notes" or "I can only
contribute to your course (or committee, or research pro-
gramme) if I can be paid". This could certainly be detrimental 
to the co-operation and community that is essential to a univer-
sity. Perhaps I am getting old-fashioned and the new academic 
entrepreneurs are right, but there is cause for concern. 

The Difficulties 
Inevitably there were difficulties in making the change to the 
new resource allocation model. The new approach is more 
open, and more rational than previous arrangements. The shape 
of a university has usually been determined by its history, less 
by its present and future. The influence of strong heads acting 
as "robber barons" is considerable. Fashion in academic affairs 
has also played its part. Not surprisingly, there were discrepan
cies between actual expenditure in Schools and the income that 
could be attributed to them. Changing the shape of things was 
difficult and slow, even when agreement was reached. Impor-
tantly, the Schools that were in "deficit" have been active in 
looking for new income from increased activity and that has 
been positive. That has a much better "feel" about it than the 
imposed cuts of the 1980s, and it has released the resources 
needed if Schools in "surplus" are to develop further. 

How does all of this affect research? 

There are many changes going on in the way that Higher
Eduthr orani tharesgoing o ta et eah HheEducation is organised that are going to affect research. Themerger of the universities and the polytechnics to produce a 

unified system will have an effect. That is coupled with greater 
selectivity in the allocation of research funds, both through the 

gran-giingbodes xamlesof hisarend hrogh te UC.grant-giving bodies and through the UFC. Examples of this are 
the move of DR funds to the Research Councils, and the moveof SR to JR (see Tim Biscoe's article), and the likelihood of a 
move ofJR funding away from student numbers as a "volume
indiao~oad soemasr...hqatyo h rsacndcator" towards some measure of the quantity of the research 
undertaken. These changes are coupled with a movement d. 
wards greater accountability for the way public funds are used. 
This means that departments that are successful in research can 
expect that some funds will come to them labelled "research". 
Before you rush out to buy new equipment for the lab, I should 
point out a difficulty. There is no new money in the system, in 
fact the "efficiency gains" required by the UFC (government) 
mean that there will be less. So the research element of the UFC 
money will still need to go to pay for staff salaries and facilities 
asbefore, even though the route through which it comes and the 
label attached to it may have changed. So the fact that Research 
Council grants will now carry an explicit element (40% of staff 
costs) for indirect costs will not mean extra free cash to spend 
on new things. 

As far as research departments are concerned, it will be impor
tant for them to be able to identify the income that they "earn" 
from their research activities to make sure that it is spent in 
appropriate ways and not just lost in the "pool" of income. At 
least the Birmingham system of devolved income, expenditure 
and indirect costs will allow that to be done credibly. 
Physiology as a subject has always been a major contributor to 
research activity in universities. If this research profile is to be 
maintained, it will be important that the funding arrangements 
within the universities will allow the money to follow the work. 
Ifyours does not, then as Tim Biscoe says, "do something about 
it". 

DavidWestbury 

FOCUS on .... Research Funding Bodies
 

The Executive Directors ofall grant awarding bodies spending 
more than £2m per year (in 1990) on medical research were 
asked to provide a brief outline of their plans for supporting 
medical research over the next five years. Some of the replies 
received are published below, the remainder will appear in the 
Newsletter due out with the Oxford meeting of the Society. 

The MRC 

URJ 
The Medical Research Council's plans for the future and the 
ways in which they will be achieved are described in our 1992 
Corporate Plan, focusing on the period 1992 to 1995. This 
consists of two companion volumes: a Corporate Plan and 
Scientific Strategy. 

The ultimate aim of the MRC, set out in our Corporate Plan, is 
to promote research which has as its objective the maintenance 
and improvement of human health. Medical research is a 
spectrum of activity ranging from basic to applied work and we 
will continue to maintain a balanced programme of research tosustain the flow of knowledge and ideas across this spectrum.By way of illustration, the Clinical Research Initiative, which 
By way fistato thef Cnclsar teghich 
represents the first stage of the Council's plans for strengthen
ing clinical research in the UK, will bring together biologicaland clinical scientists in university centres in a concerted attack 
on major medical problems. Other new initiatives planned arethe genetic approach to human health, which will support new 
reearc proae in aaeathe gnics il fr te
research programmes in all areas of the genetics field from the 
identification ofdisease loci to the consequences ofnew screen
ing techniques for carrier status, and the neurosciences ap
proach to human health, the aim of which is to strengthen the 
research effort on unravelling the basic mechanisms of neuro
logical and psychiatric disease in order to develop new ap-

We will also be capitalising on initiatives which have been in 
existence for several years. The MRC's AIDS research pro
grammes are directed towards achieving the long-term goals of 
preventing and treating HIV infection and AIDS. Our Human 
Genome Mapping Project consists of a Directed Programme 
and a Resource Centre which are collaborating in a systematic 
programme ofwork aimed at identifying and mapping cDNAs 
in order to provide a catalogue of the coding regions within the 
genome. 

Bearing in mind there is a limit to our resources, our scientific 
strategy is formulated to assist in making the difficult choices 
between competing programmes worthy ofsupport. We have to 
identify areas where investment can be reduced in order to 
release funding for new work as well as to create environments 
in which new ideas can emerge, be recognised and supported.We recognise that it is members of the scientific and clinical 

co nithar bt pled t ientif and a 
community who are best placed to identify research needs and 
opportunities. These are then formulated into our objectives and 
targets. Thus MRC scientific strategy is not a directory of 
prescribed routes: rather it is a commentary on the collective 
predictions of the most productive direction for research in the 
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foreseeable future. The planning of research activities to carry 
through the strategy likewise rests with the researchers who 
must identify the particular problems to be tackled and the 
approaches to be taken. 
The Corporate Plan's chapter on human resources strategy 
presents our plans for encouraging more people to seek careers 
in research and for training and career development of medical 
research workers. It is perhaps worth focusing on our strategy 
in relation to two of the MRC's funding schemes: project grants 
and studentships. 

For the last two decades the Project Grant Scheme has been the 
Council's major form of indirect support for new work, except 
in circumstances where compelling scientific or policy consid-
erations favoured longer term support. The scheme provides 
support forfocussed research proposals in the HigherEducation 
Institutes (HEIs) and other institutions eg NHS hospitals. Open 
to the whole scientific spectrum of the MRC's remit, project 
grants provide support to a wide range of different types of 
investigator eg young researchers, clinical researchers, indi-
viduals who prefer working independently, and departments 
running an integrated programme of research with individualcomponents supported via project grants. A 'typical' project 

grant provides three years' support for a project by providing 
running costs and salary costs for scientific assistance and, if 
appropriate, the grant-holder. However, the scheme also en-
compasses, for example, small grants (frequently used to pro-
vide support for pilot studies), equipment grants, and senior 
research leave fellowships which free the time of senior aca- 
demic staff to pursue a period of full-time research. Conse
quently the Project Grant scheme provides a particularly flex
ible means of support. 

Given the current funding climate and the (then) imminent 
changes in Dual Support funding arrangements, a review of the 
Project Grant scheme is under way. A major statistical analysis 
ofall applications over a twelve year period has been completed 
and we are now undertaking a substantial fact finding exercise 
in HEIs which involves consulting the users of the scheme. The 
review will be completed towards the end of this year, and any 
changes in the scheme will of course be publicised. In the 
meantime, we have been pleased to be able to announce that 
additional funds have been made available to the MRC for 
initiatives in genetics and neurosciences. A proportion of funds 
from each of these initiatives has of course been fed into 
baseline project grant funding which has made approximately 
70 additional project grant awards available this session to the 
number originally planned. 
The transfer of funds from the UFC as a result of the new 
arrangements for dual support will take effect from August 
1992 and the full amount of transferred funds has been added to 
appropriate planning lines. The MRC, in association with the 
otherResearch Councils, is monitoring the effect of the transfer 
closely, and Iknow that many readers will now be familiar with 
the inter-Research Council newsletter on this subject. 
The MRC views training as a high priority and, as part of our 
training portfolio, we provide three types of postgraduate 
studentships; the Research and Collaborative schemes provide 
routes to a PhD/DPhil, and the Advanced Course scheme 
enables graduates to study for an MSc. Research studentships 
are awarded to HEI departments which can offer stimulating 

projects in an active research environment with strong commit
ment to training. The Collaborative studentships scheme is 
similar to the Research studentship scheme, but it has been 
designed to allow HEIs and MRC Units to collaborate with, for 
example, industry or public health laboratories, and offer spe
cific PhD projects. The Advanced Course scheme provides 
awards to HEIs which offer MSc courses in subjects which 
strengthen the academic base and cover material which is not 
taught in undergraduate courses. 
A large responsibility for the future of scientific research is 
placed on today's postgraduate students, and therefore it is vital 
that the best quality graduate students are attracted into 
studentships. Readers will all be aware that, following concern 
about recruitment and retention, the MRC made substantial 
increases to studentship stipends in October 1991, taking the 
stipend in London to £7175 and out of London to £5590 
(currently under review). These increases could only be paid for 
by making the difficult decision to reduce thenumber ofawards 
available for take up in October 1991. However, a recent 
injection of resources from the Genetics and Neurosciences 
Initiatives has allowed the MRC to take the welcome step of
restoring the number of studentships available to pre-1991 

levels and thus return to the position of offering substantially 
more awards than we did in the late 1980s. 
A review of all Training Awards schemes (studentships and 
fellowships) will begin later this year, and I would be glad to 
provide details of the outcome of this, and the review ofproject 
grants, in a future edition of this newsletter. 

Dai Rees (Secretary of Council). 

BHF 

The British Heart Foundation was created in 1961 on the
 
initiative of cardiologists who thought that research in the
 
United Kingdom into cardiovascular disease was being inad
equately funded. Research has remained the primary concern of
 
the charity, so that 80% of its disposable funds are now spent on
 
research buta significant sum is also devoted to the purchase of
 
lifesaving equipment for hospitals and ambulances and profes
sional and public education.
 
The British Heart Foundation does not have any priority areas
 
for funding but, inevitably, certain areas are regarded by the
 
granting committees as being more attractive than others. Thus,
 
there has been a striking increase in funds going into molecular
 
biology in recent years.
 
The Foundation does not have a fixed ratio of funding for basic
 
as opposed to clinical research. However, rather consistently,
 
some 60-70% ofProject Grants are spenton laboratory science,
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and some 30-40% on research involving patients (although 
quite a proportion of this is laboratory based). The Foundation 
has a policy ofdevoting not less than 50% of its research budget 
to project grants. Approximately 20% of the budget is used to 
support Fellowships, and about 15% each go to Research 
Groups (Programme Grants) and to British Heart Foundation 
Chairs. 

certainStarting some twenty years ago, it was decided to create cran 

Chairs of Cardiology in particular centres with the view of 
creating centres of excellence. At first these Chairs were De-
partmental Chairs, for which an endowment was provided thatpartentlfo Cairsn enowmntwhch as povied hat 
would guarantee the salary and some support fordepartments ofcardiology inuniversities throughout the country. The 14 Chisnivrstie trouhou tecunty.The14Chairs 
so created have con tin ued to obtain fu nding from the British 
Heart Foundation, but it was decided about ten years ago not to 
create any more Departmental Chairs because of their very high 
cost. A policy, however, was developed to create Personal 
Chairs for scientists ofacknowledged international repute who 
would be expected to devote their remaining careers substan-
tially toresearch in the cardiovascular field. There are at present 
nine such chairs. 

cariolgyin 

ProjectGrants 
Project Grants form a very important component of BritishHeart Foundation funding, amounting to some 50% of total 

research spending. The Project Grants are normally for two to 
three years and cannot be extended beyond that period. They 
include salaries, research comsumables and equipment. 
Applications for Project Grants have been escalating rapidly inrecent years, averaging 50 to 6 every three months in 1988,recenteaveraging 5 0 every three months in 198 

The Project Grants Committee consists of 16 members, who 
represent the major disciplines involved in cardiovascular re
search. Six of the members are clinicians representing cardiol-
ogy, hypertension, paediatric cardiology and cardiac surgery. 
The remainder, some of whom are medically qualified, repre
sent laboratory-based science, eg molecular biology, biochem-
istry, physiology, haemnatology, pharmacology and pathology 
etc. Each application is reviewed in detail by at least two 
members of the Committee, and one or two external referees. 

Feedback is provided at the discretion of the Committee, in 
about 20% of cases, and is directed mainly at young research 
workers who may be helped by advice on the preparation of 
grant applications and on the scientific aspects of their projects. 
The Committee has regularly discussed the possibility of pro-
viding routine feedback but has concluded that this is not a cost-
effective process. The Project Grants Committee handles many 
moreapplicationsthancomparablecommitteesoftheWellcome 
and MRC with much smaller resources. Providing useful feed-
back would require considerable extra time of the referees andstaff and often lead to prolonged correspondence. The Medical 
Director and Research Funds Manager are available to discuss
projects both before they are submitted and following the
decision of the Committee, 

ResearchGroups 

16 Research Groups have been created which correspond ap
proximately to the Programme Grants of the Medical Research 
Council. The initial grant is for five years but Groups are 
generally not supported unless it is felt that they will continue 
to roll subsequently and in most cases they have succeeded in 
doing so. The sums involved are relatively small by MRCstandards but they would usually provide core support for a 
s 
department. It is anticipated that directors ofgroups will add to 
these funds by a series of Project Grants in the belief that it isdifficult to know at the beginning of a five-year programme 
difficult to e egnin of ommcovered by groups is very wide and includes perinatal cardiolwhat results may lead to new directions. The range of topics 

ps emecis m c luarc ar i c ar 
cardiology, atherosclerosis research, cardiovascular statistics, 

car g iology, clincarialsagnetics 
moleculargenetics, epidemiology, clinicaltrials, magneticreso
nance, vascular smooth muscle cells and cellular electrophysi

o g y , b ysico ul ar h an s, l 

ology. 

ClinicalTrials 

A small number of clinical trials are supported such as one 
comparing angioplasty with cardiac surgery and a thrombosis 
prevention trial assessing the effect of aspirin and low-dosewarfarin in primary prevention. Funding is also provided forclinical trial research groups in Oxford, the London School of 

Hygiene and Tropical Medicine, and Nottingham. 

FellowshipsandLectureships 

hese account foraboutonequarterofthefundsallocatedbytheBritish Heart Foundation. They are in several categories and 
provide for support of both junior and senior non-clinical and 
clinical research workers. 

The Future 
As is apparent from the above, the British Heart Foundation is 

trying in a number of ways to encourage and support research
in the cardiovascular field. It attempts to do this by providing 
project and programme grants, many posts for training, a 
limited number of posts of longer duration, and long-term 
support for individuals and centres of excellence. Enhanced 
payments are given to PhD students and post-doctoral research 
workers. 
The current £20m research budget of the British Heart Founda
the inetablymgoese a small of in Bri th e o s f 
tion inevitably goes only a small way in addressing the needs of 
cardiovascular research in this country. Being acharity entirely 
dependent upon private contributions, its ability to do so is very 
dependent on persuading the public of the value of cardiovas
cular research and of the ability of the British HeartFoundation 
to administer research funds effectively. Future research in thecardiovascular field depends not only on the British Heart 
Foundation, but on the Research Councils and Universities. The 
omens here are not encouraging as there isa threatof chargesfor
overheads and the lack ofrecognition ofcardiovascular diseaseas one of the most important areas for research. 

Desmond Julian 

(ConsultantMedicalDirector). 
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Introduction 
The Arthritis and Rheumatism Council for Research (the ARC) 
is a registered charity which relies entirely on voluntary dona-
tions to sustain its wide-ranging research and teaching pro-
grammes. Its major aims are: 

To raise money for research thatpromises to lead to agreater
I 	 Trheumatology 

knowledge and understanding of the causes and cure of 
arthritis and rheumatism and related diseases and to support 
the highestquality scientific and clinical research into these 
diseases. 

2 	 Topromote abetter understanding of therheumatic diseases 
amongstpatients, doctors and otherprofessionals concerned 
with the treatment and care of patients and to provide 
information and education for the general public. 

3 	 From a combination of the above, to encourage the provi- 
sion of improved clinical care for all those who suffer from 
the rheumatic diseases. 

The ARC supports rheumatology research through the follow-
The gaRC suppgorts:rHowever,
ing grant categories: 

Short term awards (I to 3 years) 
Long term awards (up to 5 years) 

Project and equipment grants Programme grants 
Clinical fellowships Senior fellowships 

PhD and intercalated Bsc studentships 

Postdoctoral fellowships (introduced in 1990) 

(introduced in 1990)
Currently the ARC is supporting 269 project and equipmentgrants, eight programme grantsn 26 pect and training 
gantrs.ightronramme grants ad1fellwsistandtaning 

s Additionally, theARC provides substantial funding for 
tsThis 

Epidemiology Research Unit in Manchester. ARC academic 
posts in UK medical schools include eight endowed Chairs ofRheu atology and part funding for a number of consultant/ 

senior lecturer or clinical lecturer posts. The latter are provided 
primarily to improve rheumatology teaching in medical schools 
but these posts necessarily also act as a focus for clinical and 
research activities. In addition to its research funding, the ARC 
provides core support for ancillary staff in clinical rheumatol-
ogy units and produces a range ofeducational material for both 
doctors and patients. Less than 2% of the ARC's income is spent 
on administration. 

Presentscientificpolicy 

The ARC receives money from those who believe that the 
research it funds will result in either the prevention, the allevia-
tion and/or thecure of the various rheumatic diseases. However, 
whilst it might be argued that expenditure should therefore be 

directed to those areas where the donor is likely to see rapid and 
direct results, the ARC has taken the view that prevention and 
cure will ultimately result from understanding of the basic 
mechanisms and causes ofdisease. Thus the ARC funds a wide 
range of research encompassing many different disciplines and 
supports clinical projects relating to pathogenesis, diagnosis or 
treatment as well as projects of a fundamental scientific nature 
(Fig 1). Scientific excellence, asjudgedbypeerreview,remains 
a primary criteria by which all applications to the council are 

A major concern over the past few years has been that the 
number and standard of those entering research is diminishing 
for both clinical and, more particularly, non-clinical scientists. 
The ARC feels that investment in research training is an 
important and cost-effective way to stimulate and enthuse the 

nextgenerationofscientistscapableofcarryingoutinternation
ally competitive research into the rheumatic diseases. We have 
therefore recently instituted a number ofnew schemes in order 
to attract and retain young scientists in research relevant to 

and to try to provide a career structure in research 
atboth post-doctoral and more seniorlevels. Thenew initiatives 
include intercalated Bsc studentships for medical students, PhD 
studentships with a realistic incremental stipend (linked to the 
research assistant IB scale), post-doctoral research fellowships 
for up to five years which are potentially renewable and salary 
enhancements for both post-doctoral scientists and clinical 
research fellows. 
In the past, the ARC has notneeded to target particular areas for 
support because sufficient funds were available for anything 
worthwhile in the field. ARC-funded research has been pre
dominantly investigator-initiated and, thus, driven by the type 
and quality of science proposed by the scientific community.

during the last five years, with the contraction of 
university and MRC funding, there has been a large increase in 

the number, the cost and the scientific quality of applications 
received by the ARC. For example, the number of applications 
for project grants increased from 126 in 1985 to 222 in 1991,
whilst the average costofaprojectgrant awarded by thecouncil 
over the same period of time has increased from £35,000 to 
£60,000. This, together with the introduction of new schemes 
and the provision of salary enhancements, has resulted in a large
increase in spending in all categories of ARC support (Fig 2). 
Over the last three years, during this period of rapid growth,
ARC expenditure has been allowed toexceed its income (Fig3).In order to address the very difficult question ofhow this growth 
should now be contained, the ARC held the first of a series of 
meetings in April 1991 to review its research funding activities. 

meeting did not reach any decisions regarding the 

prioritisation of research areas but concluded that financialconstraints must be achieved in the short term by financial and/ 

or numerical limits on at least some types ofgrant support so that 
expenditure in any one year should not exceed the income of the 
previous year. The major impact of this decision has fallen on 
project, programme and core support grants whilst the in
creased emphasis on investment in people through fellowships 
has been maintained. 
Future scientific policy 

The ARC will have to make further difficult decisions regarding 
its future funding policy and a second research review meeting 
in March 1992 will be science-led and will consider thefollow

ing questions: a) whether there are particular areas of research 
which should be targeted for support b) whether there are 
particular clinical objectives which require special or long term 

12 



commitments bearing in mind the slow evolution and heteroge-
neity of rheumatic disease; c) whether there are particular areas 
of interdisciplinary research that are worthy of support, includ-
ing clinical as well as basic science topics. This review will seek 
to identify the existing and potential future strengths of the UK 
research effort in the rheumatic diseases in order to produce a 
strategy for the scientific aims of the ARC in the 1990s. Other 
funding bodies within the UK (MRC) and in the USA (NIH) 
have also recently attempted to review the current state of bone 
and joint research in order to make recommendations for their 
future funding policies in this area. 

Against the background of dwindling resources for research 
(whether real or perceived) and the increasing cost of the new 
technologies, it is vital for theUK to maintain a competitive edge 
with the research effort in theUSA and Europe. Ways by which 
this might be achieved include identifying and promoting areas 
where the UK is best placed to compete and by placing greater 

Fig1 Distributionof currentARC grantsupport 
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emphasis on collaborative research. The ARC therefore ac
knowledge the importance ofsensible collaboration and coop
eration between the funding bodies, which we feel should be on 
a scheme by scheme basis (rather than at the project level) and 
we would also strongly support thebuilding of multidisciplinary 
approaches. In broad terms, we favour the overall general 
strategy of bringing together groups of people to study ques
tions that are important to a relevant clinical problem and, in 
particular, fostering collaboration between clinicians and non
clinical scientists. Whilst it isdesirable for funding bodies, such 
as the ARC, to define research objectives and policies, we 
strongly feel thatthese mustbeunderstoodand supported by the 
investigators who must themselves be allowed to continue to 
determine the tactical approach to the questions asked. 

MadeleineEDevey 
(Scientific Secretaryto the ARC). 

Rheumatoid 
arthritis 

Osteoarthrtis & 
Crystal disease 

Biochemistry 

Immunology 

Molecular.
Biology 
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Articles 

An appreciation of Neher and Sakmann 

It is difficult to exaggerate the importance of the revolution 
brought about, in many different fields of endeavour, as aresult 
of the invention of patch clamp methods by Erwin Neher and 
Bert Sakmann in 1976. The idea that ion channels (as opposed 
to carriers) must exist evolved during the 1950s, to a large extent 
from the work of Alan Hodgkin and Andrew Huxley on the 
nerve impulse, and that of Bernard Katz on synaptic transmis- 
sion. For example, Katz (del Castillo & Katz, 1956) referred to
"aqueous channels through which small ions can pass ...". By 

the early 1970s there was enough indirect evidence about the 
channels to guess that a current of a few picoamps must flow 
through each channel, but the noisiness of the recording meth-
ods was around three orders of magnitude too large to allow 
such tiny currents to be observed directly. It was already known 
in the mid 1970s that the key to improving the signal-to-noise 
ratio was to record from a very small area of membrane. A 
practical way to do this, the patch clamp technique, was devised 
by Neher & Sakmann (1976). They succeeded, in dramatic 
fashion, in observing the currents through single ion channels, 
so one could watch, as it was happening, the activity of one 
individual molecule (something that most chemists and physi-
cists still cannot do). 

The method was very soon improved considerably by Neher, 
Sakmann and their colleagues (Hamill etal, 1981). The discov-
ery of the gigohm seal produced records with much higher 
resolution; the introduction of isolated membrane patches, 
inside-out and outside-out, greatly facilitated the investigation 
of agents that work on the inside or outside, respectively, of the 
cell; and the whole-cell clamp method allowed voltage clamp 
experiments to be done on almost, any sort of small cell. Such 
work had previously been confined to large cells only, such as 
striated muscle fibres. 
At the Max Planck Institute for Biophysical Chemistry in 
Gottingen,ErwinNeher(trainedasaphysicist)andBertSakmann 
(trained in medicine, and now in Heidelberg), developed not 
only the method, but also pioneered most of its important 
applications. Initially they used the methods to investigate the 
mechanisms of nicotinic acetylcholine receptors (eg Neher & 
Steinbach, 1978; Sakmann et al, 1980; Fenwick et al, 1982; 
Colquhoun & Sakmann, 1985). Single channel experiments 
have higher resolution, and inherently greater information 
content, than earlier methods, though the unfamiliar random 
probabilistic behaviour of single molecules necessitated the 
development ofnew theoretical approaches to both the analysis 
and interpretation of the experiments (eg Colquhoun &Hawkes, 
1982). The invention of the outside-out patch has also made it 
possible, for the first time, to do concentration jump experi-
ments on receptors, on a time scale comparable with that of 
synaptic transmission. 

Neher developed a variant of the method that allowed dramati-
cally direct observation of the fusion of secretory vesicles with 
the cell membrane in mast cells (eg Neher & Marty, 1982) and 
has gone on to make enormous contributions to problems of 
neurosecretion (eg Penner & Neher, 1988). 

Sakmann has a long-standing interest in synapse development 
(eg Brenner et al, 1990). In collaboration with molecular 
biologists, he has done the first, and still by far the most 

impressive, studies on the relationship between the protein 
structure of ion channels and their function (eg Imoto et al, 
1988; Keinanen et al, 1990). More recently Sakmann and his 
colleagues have started to define the nature of synaptic trans
mission in the brain with the sort of precision, unimaginable 
without the patch clamp, that was achieved 20 years ago in the 
peripheral nervous system (eg Edwards et al, 1990). These 
methods provide the necessary basis on which itmay be possible 
to explain the mechanisms of such fashionable phenomena as 
long term potentiation. 

The editor of the Newsletter has asked me to add some personal 
touches to this article. I shall try to comply. I first met Sakmann 
in 1979; we were united in adversity at a meeting in the Loire 
valley, at which courtesy dictated that we should stand outside 
in the cold while the local hunting-horn team approached (very 
slowly) through the woods. It was certainly a very fortunate 
meeting for me; two years earlier Alan Hawkes and I had 
predicted that activation of a channel by an agonist should 
produce not just one opening, but several in quick succession 
(though this view was contrary to the prevailing opinion that 
agonist binding was very fast compared with the opening and 
shutting of the liganded channel). Sakmann told me that they 
had indeed seen in their records such bursts of openings, 
separated by very short shut periods, and suggested that we 
should investigate the phenomenon. Shortly after this the in
creased resolution of the gigohm seal method revealed that there 
were many more brief shuttings than had been initially sus
pected. Over the next five years I made many enjoyable trips to 
GOttingen to investigate this nachschlag phenomenon. The 
experiments were done on enzyme-cleaned, separated single 
frog muscle fibres; the preparation was quite fiddly and lengthy, 
but I have known Bert to make as many as four in one day; this 
meant that he spent most of the day looking down a dissecting 
microscope, while I poked pipettes. The preparations were 
beautiful: if the resting potential was not very close to -90 mV 
it was advisable to check the amplifier calibration. The experi
ments were often long: Bert, at this time, possessed neither a 
watch nor a diary - they were not really necessary because you 
go home when the experiment is finished (though the trip home 
was sometimes delayed by running out of petrol halfway down 
the hill, filling-up the car not being a high priority). However 
long, though, theexperimentswere, they were always accompa
nied by a good deal of hilarity. They were just good fun. 
Sakmann comments in his Nobel lecture that he and Neher have 
always found it worthwhile to spend a good deal of time on 
methods, and this is transparently true. In recent years it has 
become common for scientists to take the view that if the 
apparatus, or computer program, that you can buy off the shelf 
will not do the job you want, then do a different job that canuse 
prepackaged equipment. Theattitudeof both Neherand Sakmann 
is the antithesis of this: if the equipment you have got will not 
answer the question then invent new equipment. Working with 

Sakmann in Heidelberg last year illustrated this approach yet 
again; almost half the time was spent basteln'with the equip
ment; Herr Meyer from feinmechanik almost lived in the lab. 
The pace has certainly not eased in Heidelberg either. Not many 
Institute directors decide to start a new experiment with new 
brain slices, at 7.30 pm on a Friday, as happened on one occasion 
last year. 
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I have been fortunate enough to work with Neher too, though 
sadly only briefly; he, I and C F Stevens were invited to Harald 
Reuter's lab in Berne in the summer of 1981. There we were 
lucky enough to find a new sort of channel rather quickly, and, 
being somewhat over-manned, it was done without too many 
late nights. One experiment, though, did take all four of us. We 
wanted to measure the effect of temperature, but did not have the 
appropriate apparatus to do it conveniently, so one person had to 
run back and forth with warmed Ringer solution, another held 
the thermometer and sang out the readings, a third wrote them 
down while the fourth drove the patch pipette. 
The methods that Neher and Sakmann developed have now 
spread throughout the world, and have revolutionized work in 
many fields. Their great generosity in helping other scientists 
has been a catalyst of progress, and they are enormous fun to 
work with. They write about their work, perhaps unfashionably, 
without hyperbole or self-advertisement (in a style that often 
reminds me ofthat ofBernard Katz). Scienceand medicine have, 
and will continue, to benefit enormously from what they have 
done. 

'Basteln is not easily translatable, butmeans something between 
playing, tinkering, tuning-up, and work-as-fun. 

Stretch-activated channels and volume regu
lation 

Mostcells are capable of regulating their volume. There are two 
types of volume regulation: volume regulatory increase (VRI)
in response to cell shrinkage and volume regulatory decrease 
(VRD) in response to cell swelling. Both mechanisms control 
cell volume by activation of membrane transport mechanisms. 
As ions are osmotically active any movement of ions is fol-
lowed by water movement and in this way cell volume may be 
controlled. 

VRI V RD 

SNa + K + 
Anion nresearchersAin 

Fig I Schematicdiagram showing changes in ion levels during 
volume regulatory increase (VRI) and volume regulatory decrease 
(VRD). 
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David Colquhoun 

VRI is associated with a net accumulation ofNa*and CI';VRD,
with anet loss ofK and an anion, which accompanies the cation 
to maintain electroneutrality (Fig 1). There are a variety of 
mechanisms through which K and anions are lost. Where Cl- is 
the anion involved, solute loss may occur via separate conduc
tive pathways for K and Cl- orby a parallel KCI co-transporter. 
In some cases HCO is the anion involved and loss may occur 
through K*--H exchange coupled to C['-HCO; exchange or a 
K conductive pathway and Na+-HCO3 co-transport. The gen
eral mechanisms underlying volume regulation have been com
prehensively reviewed by Siebens (1985).
However, little is known about the mechanism which couples 
the increase in cell volume to stimulation of solute loss. Such a 
mechanism must contain both sensing and transduction ele
ments. It has been suggested that stretch-activated channels 
(SACs) may act as cell volume sensors. SACs were discovered 
as a consequence of the development of the patch clamp
technique. Using the single channel patch clamp technique 

could examine directly thetypes ofchannels present
cell membranes. Workers discovered an apparently new class 

of channels, the so called stretch-activated channels (SACs). 
The channels are designated stretch-activated as they are 
mechanosensitive. Such mechanosensitivity is demonstrated 
by physically stretching the cell membrane simply by applying 
negative pressure to the back of the patch pipette. The open 
probability of mechanosensitive channels has been shown to 
either increase (SACs) or decrease (stretch-inactivated chan
nels, SICs) with negative pressure. The increase in open prob
ability with negative pressure observed with SACs is not likely 
due to the recruitment ofchannels from the cell interior, as such 
an increase also occurs in excised patches, where the membrane 
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patch underneath the pipette tip is isolated from the cell. This 
also rules out actions ofintracellular second messengers on the 
channels. Another trademark of SACs is that they are blocked 
by micromolar concentrations of gadolinium (Gd3 ), a trivalent 
cation. This review will concentrate on volume regulation in 
renal proximal cells and their relation to volume regulation. 
However SACs are also observed in non-epithelial tissues such 
as muscle and neuronal cells. Again the channels are thought to 
be involved in sensing tension changes, such as would occur 
with muscle contraction or neural cell elongation. Readers are 
directed to a comprehensive review (Morris, 1990). 

IOcmH2O 
0I 

-25 cmH2 

1pA L 
2 sec 

Fig 2 Typical single channel record obtainedfrom a cell-attached 
patch on the basolateral membrane of afrog proximal tubule cell at 
two different pressures. Arrows denote closed channel level. The 
pressure applied to the patch is as indicated and effect ofpressure 
on membrane is shown on schematic. 

Single channel studies have demonstrated two basic types of 
SACs: (1) K*-selective and (2) cation non-selective. The K4 

SACs are selectively permeable for K+ over other cations. 
Activation of this channel therefore provides a route for K4loss 
from thecell. This typeofSAC has been found in the basolateral 
membrane of Necturus and Xenopus renal proximal tubule
cells. Activation of these channels bymembrane stretch, such as 
might occur wifor the cell but also a direct pathway for loss of 
K. 

The cation non-selective SACs do not discriminate between 
cations. Activation of this SAC allows K movement out of the 
cell and also Na4 and Ca2 entry. This SAC type has been 
demonstrated in the basolateral membrane of frog renal proxi-
mal tubule and the apical membrane ofNecturusrenal proximal
tubule. As these channels are cation non-selective, it is unlikely 

that they provide a direct pathway for loss of solute from the 
cell, as Na and Ca2 ions would enter the cell on channel 
activation. Instead, the activation of these channels is thought to 
lead to changes in the activity of other transport mechanisms 
through the elevation of intracellular Ca2 (Ca2*i).Such an 
increase in Ca2 ion hypotonic shock has been observed in rabbit 
proximal cells and rat liver cells. Changes in Ca2 may affect 
Ca2 -sensitive K channels which have been demonstrated in a 
number of cells, including those which also contain cation non-
selective SACs, eg Necturus proximal tubule and Necturus 
choroid plexus. These high conductance Ca2 -sensitive K 
channels (maxi K channels) would provide the pathway for 
loss of K4 from the cell. Activation of maxi K4 channels on 
hypotonic shock has been observed in cultured proximal cells, 
Therefore, the cation non-selective SACs could actas the sensor 
of volume changes during volume regulation, with Ca2 being 
the transducer. 

There is some evidence that these SACs are stimulated during 
hypotonic shock. In frog proximal tubule cells SAC open 
probability increases when the cells are exposed to hypotonic 
shock. In cell-attached patches of Necturus choroid plexus 
which contain both a SAC and Ca2 -sensitive K channel, 
application of pressure to the back of the pipette results in 
stimulation of both channel types. This is dependent on the 
presence of extracellular Ca2 , suggesting that K channel 
activation occurs as a consequence of Cae entry through the 
SACs. Interestingly both types of SACs have been observed in 
Necturus renal proximal tubule cells but are situated on oppo
site membranes; these cells may have two mechanisms of K 
loss in response to hypotonic shock. 
Although SACs have been discovered in a wide range of cell 
types, there is some controversy about whether these channels 
are a physiological feature of cells or an artifact of the single 
channel patch clamp technique. This controversy stems from 
experiments combining both single channel and whole cell 
studies on yeast and neurons of Lymnea stagnalis.In the snail 
neurons the macroscopic mechanosensitive currents predicted 
from single channel studies have not been found. It must be 
noted however, that macroscopic mechanosensitive currents 
have been found in yeast. The physiological role of the SACs is, 
therefore, under discussion and further studies must be carried 
out to confirm their physiological importance. 
Although studies have shown that SACs may play an important 
role in volume regulation, it is pertinent to ask whether changes 
in cell volume occur under physiological conditions. The func
tion of all epithelial cells is the net transport of osmotically 
active solutes such as ions, sugars, and amino acids across the 
cell. To enable them to perform this function, epithelial cells are 
polarised, with different transporters situated on apical and 
basolateral cell membranes. As the movement of osmotically 
active compounds is accompanied by water, solute influx at one 
membrane must be matched by solute efflux at the other tominimise changes in cell volume. However, transport rates are 
not static and may vary over a wide range. It is probable that 
under certain circumstances the transport rates across the apicaland basolateral membranes may become mismatched, such that 

epithelial cells experience fluctuating cell volumes and volume 
regulatory pathways become activated. 

There is some evidence that volume regulatory pathways may 
become activated on addition of the amino acid alanine to 
epithelial cells. Addition of alanine to the solution bathing the 
apical membrane of frog proximal tubule leads initially to 
depolarisation as alanine is taken up by the Na co-transport.
This is followed by repolarisation which is associated with arise 
in basolateral membrane K conductance. It has been suggested 
hnism occurring as aconsequence of entry of alanine which may 

nism ccurring.
 
cause cell swelling.
 
The evidence from studies on SACs has led to two cell models
 
of VRD (as shown in Fig 3). In the first model cell swelling
 
stretches the membrane activating K -selective SACs which
 
then provide a direct pathway for loss ofK4 from the cell. There
 
is also a concomitant increase in anion loss from the cell. This
 
solute movement is accompanied by water and cell volume
 
decreases. The second model involves entry of Cal+ through
 
activation of cation non-selective SACs. Ca? then stimulates
 
Ca2*-sensitive K4 channels and K subsequently exits from the
 
cell through these channels. Again an anion must be lost and, as
 
solute leaves, cell volume decreases.
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In conclusion the SACs are a group of channels sensitive to 
+ 	 SAC - NS membrane tension. They may be either K -selective or cation 

A Knon-selective. In epithelial cells in particular they are thought to 
act as sensors ofcell volume and may provide an important link 
in the chain ofevents that enables the cell to maintain a constant 

"-	 cell volume in the face ofvarying transepithelial transport rates. 
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types areshown, with arrowsindicatingthe directionof ion
 
movement. SAC-K* = K -selectivestretch-activatedchannel,SAC-

NS = cationnon-selectivestretch-activatedchannel, Ci+-K =
 

Ca+-sensitiveK + channel.
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Stimulus Transduction in the Carotid Body C.S.N. 

Chemoreceptor: A Brief Review of Recent carofd, B 
caotid B

I.C. ody /C.Findings 

The carotid bodies are small, paired organs located at the sinus nerve 
bifurcations of the common carotid arteries (see Fig IA). Each capillary 
is highly vascularized, an essential arrangement for these 
chemoreceptor organs as they are designed to detect changes in 
the levels of arterial oxygen, carbon dioxide and pH. When type I cell ,oxygen or pH levels fall, or carbon dioxide levels increase, the 

common type II cell
carotid body responds by increasing the firing frequency of carotid 
afferent chemosensory fibres running in the carotid sinus nerve artery 
(CSN; Fig IA). CSN activity ultimately influences central capillary 
respiratory neurones, so that changes in our pattern of breathing 
are initiated, in order to correct arterial gas or pH levels. Thus 
the major role of the carotid bodies is in the control of gas and bifurcationof the common carotidartery into the internalandpH hoeostsisthe Fig I (A) Diagramillustratingthe location of the carotid body in 
pH homeostasis. external branches.Abbreviations:IC, internalcarotid;EC, external 

Within the carotid body, afferent nerve endings lie in synaptic carotid;OA, occipitalartery;CSN, carotidsinus nerve. (B)
 
contact with type I (or glomus) cells, and groups of these cells Schematic representationofthe cellulararrangementwithin the
 
with their associated nerve endings are encapsulated by glial- carotidbody. Note the synaptic contactbetween afferent chemosen
like type II (or sustentacular) cells (Fig 1B). The location and sory nerve endings and the type I cells, which contain dense-cored,
 
appearance of type I cells suggest they are of primary impor- catecholamine-filledvesicles.
 
tance in the process of chemotransduction: they resemble Thus the general consensus is that type Icells are thechemosen
adrenal chromaffin cells, containing dense-cored, catecho

sory elements within the carotid body, and an essential step inlamine-filled vesicles (as well as a variety of other transmit- transduction ofstimuli is the release of transmitter from them. 
ters). In response to carotid body stimulation these As release is Ca2.-dependent, much attention has been focused 
catecholamines are released in a Ca2+-dependent manner that over the past four years on possible mechanisms by which 
correlates closely with changes in afferent chemosensory fibre stimuli raise intracellular Ca (Ca2 i)levels in type I cells. This 
discharge (see Fidone & Gonzalez, 1986, for review), has involved the use of patch clamp electrophysiological re

cordings and single cell microfluorimetry, and the rest of this 
article is largely concerned with reviewing the findings of 
different laboratories employing these techniques. For simplic
ity, I have separated findings concerned with hypoxic 
chemotransduction from those concerned with transduction of 
acidic stimuli. 
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Responses of type I cells to hypoxic stimulation 

In 1988 two independent reports demonstrated that type I cells 
isolated from adult rabbit carotid bodies were not, as was 
previously believed, electrically inexcitable. Instead, whole cell 
patch clamp recordings showed these cells to possess tetrodo-
toxin-sensitive Na channels, L-type Ca2* channels and various 
voltage-gated K+ channels, and were capable of generating 
action potentials. However, while one group demonstrated that 
the cells repeatedly generated spontaneous action potentials 
(Lopez-Bameo etal, 1988), the other reported that such sponta-
neous activity was not present (see Biscoe & Duchen, 1990). 
Three other laboratories have more recently described ionic 
currents in type I cells of the fetal rabbit and the neonatal rat. 
These reports indicated that Na channels were either absent 
(Delpiano & Hescheler, 1989; Peers, 1990a) or only present at 
low density (Stea &Nurse, 199 1), implying that Na -dependent 
action potential generation was not an important feature of these 
cells. Thus descriptions of electrophysiological properties of 
type I cells vary considerably between laboratories, and at 
present it is not clear whether this is due to species or age 
differences, isolation and tissue culture procedures, or some 
other factors. 

When various ionic currents in type I cells had been character-
ized, the next obvious step was to see whether or not they could 
be modulated by hypoxia. Of the five groups investigating this 
question, four observed that lowering the oxygen levels of the 
cells' perfusate resulted in a reversible inhibition of K4 currents, 
while other ionic currents present were unaffected. Two pieces 
ofevidence suggest that hypoxia-induced K4 channel closure is 
a direct effect; firstly, whole cell K currents recorded conven-
tionally or using the perforated-patch technique (where the cell 
is not freely dialysed by the pipette contents, thus retaining 
soluble second messengers) are similarly inhibited by hypoxia 
(Stea & Nurse, 1991). Secondly, hypoxia closes K channels in 
excised, cell-free membrane patches (Ganfornina & Lopez-
Barneo, 1991). Superficially, the documentation of hypoxia's 
effect from four independent laboratories appears to be a good 
consensus of opinion, but some important discrepancies can be 
found between the data of the different groups. Firstly, Lopez-
Barneo et al (1988) reported that the hypoxia-sensitive K4 

current was aCaP-independent K+current, and inhibition of this 
current increased the frequency ofspontaneous action potentials, 
byaltering the slopeof a pacemaker potential which determined 
inter-spike intervals. By contrast, the current selectively inhib
ited by hypoxia in neonatal rat type I cells is a charybdotoxin-
sensitive (high conductance) Cal+-activated K*current, but the 
Ca2+-independent K4 current is unaffected by hypoxia (Peers, 
1990b). As type I cells from neonatal rats or fetal rabbits show 
little or no spontaneous action potential firing (see above), the 
effects of K+ current suppression, if important in the 
chemotransductive process, must influence other mechanisms 
in these cells. One possible mechanism has been demonstrated 
in fetal rabbit type I cells, where high conductance (thus possi- 
bly Ca2 -activated) K4 channels were shown to be active at the 
cells' resting potential, and when activity was reduced by 
hypoxia, type Icells depolarized (Delpiano & Hescheler, 1989). 
These findings lead to the suggestion that hypoxia, by depolar-
izing type I cells, causes the opening of L-type Ca2 channels, 
thus Cal%rises and triggers transmitter release. Indeed, the 
findings described earlier that hypoxia increases the frequency 
of action potentials in adult rabbit type I cells also suggests that 
Ca2 influx via voltage-dependent L-type Ca2 channels is the 
means by which Ca2+i levels rise in response to hypoxia. These 
ideas are supported by reports of organic Ca2+ channel antago-

nists causing inhibition of catecholamine release and suppres
sion of chemosensory fibre discharge in response to hypoxia. 

The above findings suggest that ion channels play a key role in 
hypoxic chemotransduction, but this idea is not universally 
accepted. In a series of studies using intracellular microfluori
metry, Biscoe &Duchen have produced convincing evidence to 
suggest that Ca2*irises in response to hypoxia notby depolariza
tion-induced influx through Ca2* channels, but by being released 
from mitochondrial stores within the type I cell. Using anoxia as 
a stimulus, they have shown that rises in Ca2

1 persist (although 
they are considerably smaller) in nominally Cal -free solutions. 
Furthermore, application of FCCP (a mitochondrial uncoupler 
which collapses the strongly negative membrane potential re
quired by mitochondria to retain Ca2 ) causes risesof Cal which 
are of the same size as those produced by anoxia, and, most 
importantly, anoxia cannot further increase Cal' in the presence 
of FCCP, suggesting that the two agents release Ca2 from the 
same store (see Biscoe & Duchen, 1990, for review). 
Thus there are two schools of thought concerning the source of 
raised Ca2 induced by hypoxia, and these have been represented 
schematically in Fig 2. At present itappears difficult to reconcile 
one with the other, but it should be noted that no report has 
convincingly demonstrated (or for that matter claimed) that only 
one mechanism for hypoxia-induced elevations of Ca2 exists. 
Also, there are pathways other than Ca2 channels by which Ca2 

can enter cells, none ofwhich have as yet been investigated as a 
means by which hypoxia can exert its effects. Perhaps the 
relative contributions ofdifferent mechanisms need to be consid
ered before a more cohesive picture can be obtained. 
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Fig 2 Two modelsfor hypoxic chemotransductionby type Icarotid 

body cells. (A) Hypoxia closes K channels, thereby causingafallof 
type I cell plasmamembranepotential(Vm). This causesthe opening 
of voltage-gated(L-type) Ca channels,hence Cal+entersand 
transmitterrelease is triggered.(B) Hypoxia reduces themitochon
drialmembranepotential(V,),causing these organellesto release 
theirstored Ca2+, which in turntriggerstransmitter release. 

Responses of type Icells to acidic stimulation 

Although the carotid body responds primarily to hypoxia, its 
importance as a detector of changes in arterial CO2and pH should 
not be underestimated. Indeed the organ, by influencing breath
ing patterns (and so arterial CO2 levels) exerts a major influence 
on pH balance throughout the body. Recent studies, using the 
new pH-sensitive fluoroprobe carboxy-SNARF (SNARF-I), 
have characterized at least three acid or acid-equivalent trans
membrane flux mechanisms by which type Icells can efficiently 
regulate their own intracellular pH (pH,; Buckler et al, 1991a). 
However, despite this ability to regulate pH,, an extremely steep 
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relationship between extracellular pH (pH0) and pHihas been 
found: pH1 changed by approximately 70% of an imposed 
change in pH, a far greater response than has been reported in 
other mammalian cells. It has been proposed that this is a 
specialized feature of type I cells making them particularly 
sensitive to extracellular acidification or hypercapnia. This 
would imply (as has previously been suggested) that pH chem-
oreception is an intracellular phenomenon and indeed the avail-
able evidence strongly supports this idea; Buckler and co-
workers (Buckler et al, 1991b) compared the pH1 responses of 
type I cells to changes in the HCO3'and CO2composition of the 
perfusate with a previously published report of CSN discharge 
in a saline perfused carotid body in vivo and found striking 
similarities. Simulated respiratory acidosis caused an abrupt, 
sustained fall ofpH, and a rapid, maintained increase in sinus 
nerve discharge. Simulated metabolic acidosis caused both the 
fall of pH, and the increase of CSN discharge to develop more 
slowly. Finally, and perhaps most convincingly, isohydric 
hypercapnia (raising CO2and HCO 3 together, thus keeping pH. 
constant) caused a transient fall of pHiand a transient increase 
of CSN discharge (Fig 3). 
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Fig 3 Left, bottom trace: transient responsesofpHIrecordedin a 

type I cell in response to isohydrichypercapnia(simultaneous 

raisingof extracellularCO2 andHCOJ"levels;pH, constant at7.4; 

seeBuckler et at,1991,forfurther details).Right, bottom trace;
 
chemoreceptordischargerecordedin a saline-perfusedcarotid 

body in vivo, when exposed to similarisohydrichypercapnia. 


These findings point to a central role for pH, in acid chemore-
ception, but do not indicate how such reception can lead to 
transmitter release. As this release is Ca2 -dependent the ques-
tion arises, how does a fall of pHi lead to a rise of Ca2.? To date, 
two possible mechanisms have been suggested. Firstly, whole 
cell patch clamp recordings have shown that extracellular or 
intracellular acidosis (like hypoxia) selectively inhibit Ca2 
dependent K channels in type I cells of the neonatal rat (Peers, 
1990a; Peers & Green, 1991). This has led to the suggestion that 
acidity as a stimulus acts like hypoxia to cause type I cell 

2depolarization and hence Ca2 influx through Ca channels. As 
Ca2 -dependent K channels from various other cell types 
exhibit marked pHI sensitivity, this mechanism would not 
appear to be a specialized feature suited to an acid chemorecep-
tor organ. However, the steep relationship between pH° and pli 
(see above) indicates that the channels of a type I cell are 
exposed to uncommonly large falls of pl1 in response to 
extracellular acidification, and this factor alone could confer 
particular pH sensitivity on type I cells. 

Studies of [3H]dopamine release from intact, adult rabbit ca-
rotid bodies have recently indicated that ion transporters in the 
type I cell plasma membrane are involved in acid chemorecep
tion (Rocher et al, 1991). This work demonstrated that acid-
induced PH]dopamine release required the presence of extra-
cellular Ca2 and Na , and has led to the proposal that intracel
lular acidification, by stimulating Na - dependent acid extrud-

ing mechanisms, leads to intracellular Na4 accumulation. This 
rise of internal Na4 levels is sufficient to reverse the operation 
of the Na-Ca exchanger so that Ca2 enters the cell and in so 
doing stimulates transmitter release. The same report indicated 
thatacid-inducedtransmitterreleasewasinsensitivetodihydro
pyridines, suggesting that Ca2 channels were not involved in 
the process. However, the finding was not conclusive as only 
one, low, dose of a Ca2 channel antagonist was tested, so it 
remains entirely feasible that both mechanisms described here 
may be involved in acid chemoreception. Indeed, it is also 
possible that internal stores of Ca2 may make a small contribu
tion to the reported responses, as acid-induced [3H]dopamine 
release was not completely inhibited by removal of external 
Ca2 .Thus, as for hypoxia, there are several proposed mecha
nisms by which acidity may lead to transmitter release from 
type I cells. However, unlike hypoxia, thesemechanisms do not 
appear to be conflicting and may well co-exist to provide 
several means by which acidic stimuli can give rise to transmit
ter release. Furthermore, the existence ofmultiple pathways for 
transduction of each stimulus provides several possible means 
by which these two stimuli might interact (as they must do) at 
the type I cell to excite the intact carotid body. 
The recent findings outlined in this article have provided insights intopossible mechanisms for chemotransductioninthe 

I cell. Although this is a fundamental part of the function
ing of the intact carotid body, it is only one step in the chain of 
events leading to increased CSN discharge. Indeed, it is still not 

what roles the catecholamines play following release from 
type I cells, or for that matter what roles other transmitters (eg 
acetylcholine, neuropeptides which are found intype I cells and 
also in the CSN endings) play in chemotransduction. Thus 
although considerable progress has been made in describing the 
responses of type I cells over the past four years, we are still a 
long way from understanding the workings of the intact carotid 
body. 
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