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Physiological Sciences at Leicester

Physiology started in Leicester in
1965 with the appointment of Ron
‘Whittarm as Professor within the
Department of Zoology; the Lab-
oraiory of Geaeral Physiology, as
it was initially cailed, became a
separaie deparimeni in 1968,
Tweniy five years ago, fashion
was somewhai different: today,
pressures on deparimenis fiend o
be more of the merging kind.

The initial department was very small indeed, with only five
members of academic staff. The Department grew with the
caming of the Medical School, which opened to its first intake
of students in 1975. Even now we have only 11 academic staff,
including one newly created position in neurophysiology. The
Depariment is therefore fortunate to have as members three
(soon 10 be four) able senior research fellows, who have won
awards within the last couple of years from the Royal Society,
the Wellcome Trustand the British Heart Foundation. The new
MRC-funded Interdisciplinary Research Centre in the
Mechanisins of Human Toxicity includes work from the
Deparunent as pan of its core science programme. The opening
of the [RC early this year immediately adds an honorary lecturer
and an IRC research fellow to the departmental complement.

Since 1989, departmental rescarch has been organised into
research groups concemning ion channels, membrane iransport,
nearophysiology and clinical physiology. The Depariment has
perhaps recently been best known for its work on ion channels,
with a group led by Peter Sanfickd and Nick Standen and
inclading Noel Davies, lan Forsyihe and Phil Langton. John
Boyle, who joined as a temporary leciurer in 1961, has now
moved 1o a research fellowship in the IRC. The work of the
group encompasses stiddies of ion channels of skelelal and
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smooth muscie and of central neurones. Noel Davies is leading
acoilaborative effort with molecular biologistsin Bill Brammar’s
laboratory in the Department of Biochemistry and lan Forsythe
is pursuing rapidly developing work on synaptic mechanisms in
the awditory pathway. Nick Standen will be known to many
Members of the Society and their students as arecent G L Brown
Prize Lecturer. He is also currently Chairman of the Editorial
Board of The Jowrnai of Physiology. Wock in membrane transport
incindes José Cavieres’ studics of membrane ATPases, carried
out partly in collaboration with tboratories in Cincinnati and
Aarhus; Toby Law’s work on the control of cellular volume in
kidmey and in the central nervous system; and John Tunstail’s
interests in excitation-contraction coupiing.

Asa Blakeley’s work on neurotransmission in the sympathetic
nervous system formed the initial basis of the ncurophysiology
group, together with Dick Stephen’s on insect sense organs.
Neurophysiology was strengthened in 1989 with the appointment
to a permanent lectureship of Jon Scott (a former student of
David Barkes and of Yves Laporie) who is inmerested in muscle
sense organs and in nerve regeneralion. Further strengthening
came with the recent appointment of Blair Grubb to a newly
established lectureship in neurophysiclogy. He will bring work
on spinal mechanisms in nociception to Leicester, together with
anelegant echnique, developed in Arthur Duggan’s laboratory,
for identifying the site of release of newropeptides using an
antibody microprobe.

The developmeni of neurophysiology is part of a University
strategy 1o sirengthen neuroscience. New appeintments and
other developments are occurring in various departments in
Leicester. The Department was recently instrumental in sedting
up a newroscience group im the Universily to bring about
discussion between members of different departments, and the
group is ably chaired by Jon Scott, Amaong its ather activities, it
has an active programme of plenary lectures, the first in 1991
being given by Coiin Blakemore. Its first anniversary leciurer
was Anthony Clare; and it recently ran a day-long symposium
on vision chaired by Richard Gregory. The clinical physiology
group is developing new methads of recording sounds of atificial
eart vaives, with Dick Siephen’s methods recently being feammed
inthe BBCI programme Tomorrow's World. The group is also
eavily involved, with the local paediatricians, in investigating
physioiogical indicators of vuinerability to sudden infant death.
Stewart Petersen’s work on the development of the normal
circadian rhythm for body temperature was recently the subject
of press releases from the Foundation for the Swdy of Infant
Death and was featured in TV News Bulletins on both BBC and
ITN.



The Department teaches Physiology within the School of
Biological Sciences and the Medical School. The School of
Biology admits upwards of 100 students a year and all do some
Physiology during their first year. We altract between S0 and 70
students into our two second year courses in what is a modular
degree, and we take some pride in these courses normally being
among the four mast popular in second year biology. Some
20-25 students read third year Physiclogy though generally in
combination with courses in Biochemisery, Pharmacology and
Zoclogy. A good number of these students are again going on Lo
higher degrees. This year, for the first time, Leicester is admiting
students to read for first degrees in Physiology and in other
named subjects. Possibilities of a joint degree with Psychology
and of a Newroscience BSc are being considered.

The Medical School takes some 135 students a year. Here
Physiology is taught within an integrated Structure and Function
course throughout the first two years, something that works
well. The physiological input into the course is helped by the
presence of Laurence Howard, a member of the Department of
Physiology,as Pre-Clinical Sub-Dean. Also novel i the Medical
School is the method of reading for 2 BSc during an intercalated
year by resedrch only, students presenting a thesis during May
after a start in September. The standards reached are often
extraordinarily high.

What will happen 10 Physiology in Leicester over the next 25
years is more open Lo question, as it may be elsewhere, given the
rather low scores achieved by the Physiology unit of assessment
in the recent Research Assessmemt Exercise. Pressures of a
merging kind will become real, and may indeed be appropriale.
But the future in Leicester will be guided by a determination to
defend whal isexcellent in physiological research and to support
and foster what has the promise of excellence. Further, there will
be a continued commitmem 10 high guality education and to
encourage enjeyment and understanding of a subject many of us
find profoundly humanising.

We welcome The Physiological Society 1o Leicester with all
warmth. We hope you enjoy the Mecting and find time also to
enjoy the city - Britain’s first Environment City.

Peter Sianfield

(See the Events section for details of Designated
Sessions to he held ar the Meeting, and the Views
section for an abstract of the Wellcome Prize Lecture to
be delivered at the Meeting).

Physiology in New Zealand - The Physioclogical Society of New Zealand (PSNZ) in 1992

A few remarks are needed
about PSNZ itself to appre-
ciate itsmembers’ concerns in
1992. The Society, foundedin
Dunedin in 1973 at a public
meeting called by and chaired
by Prof J Hubbard, later the
firstsecretary, will be 20 years
old next year. It is an incorp-
orated society govemed by a
council and chaired by the
secretary. The execulive
officers are elected for four
years and there are seven
S council members elected for
three years with two retiring
each year. The current secretary is Dr R D Pack and the treasurer
is Prof R E Munford, both from the Department of Physiology
and Anatomy, Massey University, Palmerston North.

Format of Meetings

The chief activity of the Society is an annual three-day scientific
meeting in the university vacation in May. Deparuments with
sufficient physiologists to provide a meetng secretary and the
necessary organising committee take tums in hosting the meeting.
These are the Physiology Deparuments of the Universities of
Auckland and Otago; the Department of Physiology and Anatomy
of Massey University; the Zoology Departments of Victoria
University, Wellington, the University of Canterbury, Christ-
church and the University of Auckland. The meetings follow a
conventional format. An informal get together on the first

evening is followed on the next day by oral presentations (15+5
minutes) of research by participants. Organisers try 1o avoid
concurrent sessions 50 that all participants can learn of each
others’ activities and, so far, poster presentations have not been
held except during joint meetings with other societies. The day
ends with the Annual General Meeting followed by a dinner.
There are generally no speeches on this occasion and, once the
immediate pangs of hunger are satisfied, participants prefer Lo
perambulate from table to table, meeting friends and making
new acquainiances. The following day continues the patiern of
presentation and that evening is free for members to explore the
hostcity. The meeting lerminates the next day, usually at or soon
after midday, so that members can reach their homes by the end
of the day.

Abstracts of the preseniations at a meeiing are prinied in the
Society’s proceedings, now in its 12th volume (current editor
ProfJ D Sinclair). Every three years the Society presentsa medal
for the most meritorious research done in the preceding three
years by a member in New Zealand. The medal &5 presented at
the conclusion of a 5{ minute lecture on the topic of the
recipient. The lecture is part of the annual meeting programme
and is also printed in the proceedings.

The Socioty also publishes an annual newsletter {current editor
Dr P Davie, Department of Physiology and Anatomy, Massey
University, Palmerston North). The newsletier carries news of
the activities of members and their students in each centre as
well as the minutes of the annual general meeting, the accounts
of the society, news of scholarships for students, notices of
meetings of inderest to physiologists and, at the back, the current
membership list and the constitution of the society.




The 1992 Annuai Meeting

The 1992 meeting, held on 15-17 May at the University of
Auckland Medical School, was hosted by their Department of
Physiology. This meeting was preceded by and combined with
a two day symposium entitled Exercise, the Physiological
Challenge arranged in honour of Prof J D Sinclair, retiring
Foundation Professor of Physiology atthe Auckland School and
the second secretary of the socicty. Prof Sinclair was an athlete
in his youth and won the New Zealand mile championship in
1948 (a film of the race was shown during the meeting). He
retained an interest in exercise for the whole of his working life.
Invited speakers included the great New Zealand 1500 metres
runner, Peter Snell, now Director of the Human Performance
Cenire, University of Texas, Dallas; some of Prof Sinclair’s ex-
students, notably Ingrid Sarelius, now Professor of Biophysics
and Physiology at the University of Rochester; well known
researchers in the field, such as Prof F Eldridge from the
Univessity of North Carolina, Prof J T Shepard from the Mayo
Medical School, Prof ] H Mitchell from the University of Texas
and Prof J Duffin from the University of Toromto; and local
experts. The result was a very stimulating two days for a lirge
body of New Zealand physiologists.

Joint Meetings

Every second meeting of the Society is joint, if possible, with
amother New Zealand or Australian Sociely. One reason is thai
maryof our members belong to two or more biologicalsocicties;
another is that usually a more attractive programme can be
amranged on these occasions with, forexample, invited speakers,
symposia, demonstrations of techniques and a trade show. Joinl
meetings have been held twice with the Australian Physiological
and Pharmacoiogical Socicty (Auckland and Dunedin). On the
lutieroccasion we were joined by the Austraiasian Neuroscience
Society and the Anatomical Society of Australia and New
Zealand. New Zeatand societies with whom we have had joint
meeting include the Endocrinological Socicty (twice, once with
the Diabetic Association as well) and the Biophysics Society.
The Endocrinological Society is larger and older than the PSNZ,
with many members from the Crown Research insiituies
inierested in breeding of cattle, sheep, goats and deer.

Bid for 1997 [UPS Meeting

Cur Society is affiliated to the Internationa! Union of
Physiological Societies (TUPS) and made a bid at the last IUPS
meeting to host the 1997 meeting of IUPS in Auckland. On this
occasion we lost the vote at a council meeting of the IUPS, by
the chairman’s casting vote, in favour of Leningrad. Currently
acommitice of the PSNZ is charged with reporting to the 1993
AGM on the question “Should we make a bid for the IUPS
meeting in 2001”7 Affiliation with IUPS is made through the
Royal Society of New Zealand which has been restructured so
that societies such as the PSNZ can have representation oa the
governing body and various subcommittees. This enables our
members to play their part in advising the govemment and the
public. Recent questions with which PSNZ members have been
involved include the ethics of experimentation and the use of
drugs in sport.

IBRO Workshop

The Society has recently become a founder member of the
Federation of Asian and Pacific Physiological Societies
(FAOPS), which has four yearly meetings alternating with

TUPS. The enormous distance between New Zealand and Asian
centres and the consequent expense of traveliing make itdifficuit
for PSNZ members i0 piay a targe partin these gatherings. This
year, however, we have played host w0 a training workshop for
Asian physiologists inieresied in the nervous sysiem. Supporied
by funds for ravel and accommodaiion from the Iniemational
Brain Rescarch Organisation (IBRO), 18 posidoctoral studenis
spent a moath (November 1992) in physiological laboratories in
Dunedinand Auckland, keaming icchnigues thai they could iake
back 1o their home countries.

Current issues of concern

The mosi important current issue of concem to members of
PSNZ is their restrnicied ability 1o obtain funds to carry out
rescarchand fund graduate students. There has been adiminution
in sources of funds and the total pool of money available, at the
same time as the number of qualified rescarchers has been
increasing. Mast members are funded by the Health Rescarch
Council, known formerly as the Medical Research Council.
This body has received the same annual monetary allocation
from Government since 1985, despite rampant inflation in the
late 1980s. Members in appropriate disciplines also used o be
funded by the Neurological Foundation and the Heart Foundation.
‘The Heart Foundation no longer funds research projects and the
Neurological Foundation mow confines most of its funding 1o
clinically oriented projects that are likely to be of benefit to
patients in the near term. The only consolation is that the
Medical and Science Rescarch Commitiees of the Lottery
Grants Board (known colloguially as the “golden kiwi™), which
make granis for the purchase of equipment, are currently well
supphied with roney due to the success of the parent Totalisator
Agency Board in stimulating gambling. One new source of
funds has appearcd. The newly established Foundation ffor
Research, Science and Technology from which members in
Crown Research Instilutes have 1o seck granis has, this year,
received the Government allocation which used 10 support
postgraduate study and equipment purchase in universities. In
retumn university stafl members with any but health related
projecis may now apply for grants, which may include funding
for postdoctoral students, from the Foundation. The first resulls
of this exercise will not be knows until May 1993,

Members in clinical departments with joint university and
hospital board appoiatments have the additional burden of
trying 1o do rescarch in face of increased calls on their time due
to increased patient numbers and reduced hospital board funding.
At the present time hospital boards are funded in proportion 0
the population served. From July 1993 this money will be given
to provider boards which will fund hospitals in their arca to carry
out specific services. Hospitals in this area will contract io and
compete for the funds io carry out particular services. The
impending change to an as yet untried sysiem has resubied in @
general reduction in morale, particularly as it is not clear how
research will be carried out under these circumstances and how
joini appoinitmenis will be armanged. It appears that 1993 will be
an eveniful year.

John I Hubbard




Physiology in Norway - The Norwegian
Physiological Society

The Norwegian Physiological
Society was established in
1970 after existing as an
informal Physiology Club for
several years. Initiaily, the
Society provided a forum for
communication between
physinbogists il the two fargest
Norwegian universities, in
Osloaiin Bergen. Since:then,
the Society has grown
considerably, with about 350
members distributed through-
out the country. Member
physiologists are found at the
four universities (Oslo, Bergen, Trondheim, Tromsg); the
National Hospital and many of the regional hospitals; and at
various scientific high schools and other research institutions.
Several outstanding, internationally recognised physiology
research groups are represented. Major fields of emphasis
include cardiopulmonary physiology, neurophysiology, and
arctic physiology.

Format of Meetings

The Society hasa central steering committee that organises local
scientific meetings, administers the Society’s finances and
maintains professional contact with the larger societies to which
weare affiliated, such as the Scandinavian Physiological Society
and JUPS. The local meetings are held in Oslo, where the largest
number of members is concentrated. These are organised around
a particular theme, with two or three evening lectures, most
often given by members but on occasion including presentations
from visiting researchers. Two such local meetings were held in
1992, one on the topic of the physiological roles of nitric oxide
(with guest lécturer Dr Anna Leone from the Wellcome Research
Institute) and one in which the three largest biotechnology
laboratories in Norway described their research programmes
and commercial services.

The major eventof each year is the Winter Meeting, usually held
over four days in February at a mountain resort in the southern
part of Norway. Here we organise a scientific programme that
includes a main symposium with an invited speaker from
outside Norway. Our guest this year was Dr Niels Secher from
the Danish National Hospital, who led a symposium on the topic
of exercise physiology. The scientific part of the meeting is
restricted to the afternoon and evening while momings are
dedicated to winter sports and leisure activities. The Winter
Meeting is very popular and usually attracts members from
around the country. The combination of science, skiing, and the
comforts and atmosphere characteristic of the Norwegian
mountain lodges is typically very pleasurable.

Problems facing The Society

Despite the respectable size of the Society, two factors have
limited our activities to this modest level. First, our members are
quite widespread geographically; this, combined with the
relatively high expense of domestic travel in Norway, prohibits
regular centralised meetings. Many of our members prefer to

direct their travel bud gets towards large, intemational conferences
with greater inteilectual payoff. Secomd, our Society competes
with a numbér of other scientific socicties in Norway that
represent subficlds of physiology. Many members find it more
attractive toattend the local meetings thal these sociztics arrange,
wilhthe attendantconcentration of information within a specific
field of interest.

Because of these faciors, we have found it very difficult to
increase our current activities. Perhaps the greatest problem we
face is that Physiology as a well-demarcated ficld no longer
seems to exist. The boundaries beiween physiology,
biochemistry, anatomy, and so on have long since evaporated in
the face of increased understanding of physiological systems at
the molecular level. Now the information content of even
subfields like neurophysiology represent expamses of
physiological science so broad thal a holistic view is difficult if
not impossible to maintain. Consequently, many of our members
consider our meetings to be “low relurn”, and concentrale their
intellectual investments on more narrowly defined fora.

Improving the appeal of Society’s Meetings

Our future goals have been tempered somewhat by the inexarable
fragmentation of the field and ithe concomitant specialisation of
most researchers. It is likely that we shall concentrate our efforts
not on organising more or larger meetings but rather on co-
ordinating the activities of the more specialised societies. In this
way, communication of subjects of inderest to specialists in
different fields can be integrated rather than remain isolated.
Thispolicy ought to provide greatbene s towards understanding
phenomena at a systems level, especially for young researchers
who enter fields at such an advanced stage of specialisation that
they never realise that what they are studying is in fact part of a
system (an unfortunate fate that seems to be especially common
among molecular biologists). In parallel with our policy of
integration, we are attempting to establish a data network among
our members and with the steering commitiees of the other
societies, sothatinformation about various activities and meetings
can be rapidly disseminated. Lastly, we wish to maintain an
active posture with respect to the recruitment of young students
to physiological research. To this end, we have tailored our
Winter Meeting specifically to the needs of students. We have
directed more of our budget towards financial assistance to
participating students and we have organised the programme so
that students can obtain practice in the oral presentation of
experimental results in a large congress form (10 minules
followed by questions) but before a friendly audience. We also
make a point of beginning each symposium with a short
introduction of background material so that all participarts,
regardless of specialisation, understand what are the major
questions and points of contention within that research area.

It is probably worth mentioning that our Society very nearly
expired a few years ago because of lack of inderest. Luckily, by
invigorating the Winter Meeting and arienting it to the needs of
students, we have managed to inject some mew life. But the
future of our Society is far from secure and its continued
existence will require constant atiention 1o the changing role and
definition of physiology as a ficld. We welcome inpul from
physiological societies in other countries on how to grapple with
this problem.

Joel C Glover
(President, Norwegian Physiclogical Soctety)




Physiology in Norway - 8 Member’s view

Rebuilding after the war

‘The present position of Physiology in Norway cannot be fully
appreciated without some mention of the situation we found
ourselves in after (he war and the steps taken since 1945 to
restore the profession.

Norwegian physiology was in a really bad state after ihe war.
The university in Oslo, at that time the only umiversity in
Norway, had been closed for almost two years by the German
occupants, and when the Institule of Physiology reopened it was
sadly lacking in staff, equipment and funding. Physiology was
far worse ofl than sister-disciplines such as anatomy. In fact,
when the Oslo Institute of Anatomy reopened it did so with both
a stroag reputation and a well trained staff which included
several members with international reputations, among them
the late Jan Jansen and Alf Brodal.

The seeds of the rebirth

The miserable state of Physiology in the Oslo Institute and in
Norway as a whole started to improve some 10-15 years after the
war when, in the 1960s, a number of new appointments were
made. The development of modem experimental physiology
really ook off ar about this time. The last 30 years has seen a
marked growth in Norwegian Physiology. To a large extent, this
growth has been linked to the establishment of three new
universities, those in Bergen, Trondheim and Tromsg. All four
universities have facuities of medicine, each with a department
orasection for physiology. Increasingly, physiclogical problems
are also dealt with in departments of zoology and biology.

A further stimulus to growth has come from the construction of
several new multidisciplinary laboratory buildings in which
physiological laboratories have been housed together with
laboratories of other preclinical disciplines. The last ones to
benefit were the Oslo departments, which in 1990 moved from
buildings which were 150 years old to a new, modem, well-
equipped building.

Benefits of international collaborations

The post-war restoration of Norwegian Physiology owes much
to support and influence from other countries, which has come
iargely through the training of posigraduates, including a number
who have since been very influential. For example, on his retum
from the USA, the Norwegian-bom biologist Per Fredrik
Scholander stimulated and educated a number of pupils during
his four year perind as a professor in zoophysiology in Oslo in
the 1950s. His strong influence can be traced to several of the
most productive physiology groups of today. Several of our
other “founding persons” retumed 1o and enlivened Norwegian
depariments of physiology and experimental medicine afier
stimulating posigraduate periods in the USA, Great Britin,
Sweden or Denmark.

The links with Sweden were and have comtinued 1© be very
important, with collaborations taking place at many levels and
with many a Noewegian physiologistreceiving their posigraduaie
training in the renowned Swedish departments. In this connection,
the imporiance of the Scandinavian Physiclogical Society must
be mentioned. The Society, modelled on The Physiological
Socicty, has been a useful arena for the preseniation of research
results, through i regular meetings. Alse, personal links to the

British Society and to British Physiology as well as to American
Physiology have been - and still are - of decisive importance for
many Norwegian groups.

Current major areas of research interest

Neurobiology

Probably the most successful and most progressive field within
Norwegian Physiology is that of nearobiology. Norwegian
neurophysiology started its development undes Birges Kaada in
the early post-war years within the well-established
nearoanatomical miliew in Oslo. Today, there are several strong
groups within the sister-departments of Neurophysiology and
Physiology at Oslo University. Within the thriving Oslo milieu,
Jan jansen Jr and his group have beea working on the embryonic
development of the nervous system, particularly the development
of skeletal muscle innervation, now using chick embryos as
their main preparation. Terje Lismo and his group are e xploring
the newromuscular junction and its formauton, with special
interest in the activity-dependent differentiation of types of
muscle fibres.

Per Andersen’s group is studying signal hamdling in the hippo-
campal formation, largely in the brain slice preparations pioneered
by the group. One main interest today is the mechanisms behind
long term potential (LTP) - first discovered several years ago by
Terje Lgmo, then a graduate student in Per Andersen’s laboratory.
With these groups well-funded and living in the same part of the
same new preclinical buiiding and close to the laboratories of the
neuroanatomists and their electron microscopes, there is at
present fruitful and lively activity within neurobiology in Oslo.

Neurobiological research is carried out in other departments as
well, and much of it can be traced back to the early start of
neurophysiology in the Oslo Department of Anatomy. In the
Department of Biology in Oslo, groups led by Per Enger and
Kjell Daving are dealing with fish sensery physiology; and, in
Trondheim, Hanna Mustaparta has established a group focusing
on pheromones in insect sensory physiology. In Bergen, there
are groups dealing with several psycho-physiological topics,
and with research on sensory mechanisms and signal handling
in the field of pain perception.

Celiular physiology

Cellular physiology and the study of sub-cellular mechanisms
has had arapid and marked development within old departments
of physiology, anatomy, biochemistry and pathology, as well as
in newly established sections or gepartments of biotechnology
or molecular biology. Here borderlines between old disciplines
are more than difficult 10 draw wday, as new techniques - and
among these the revolutionary ones of molecular biology - are
taken in and employed in old as weil as in new departments and
groups. As examples of wpics pursued by persons with a
training in physiology or in related fields, one can mention:
erythropoiesis, immunology - with the cmphasis on lymphocyie
populations and activity, endccrinology and hacmostatic
mechanisms. As an example, one could mention the work of
Kaare Gautvik and his group, now in the Oslo Department of
Medical Biochemistry, on secretory mechanisms, purification
and production of the parathormone.

Integrative physiology

[megrative physiology within the fiekis of circulation, respiration
and renal excredion has had and has kept a fairly solid position,




with active groups at all four universities. A main field of
interest in the northernmost university of Tromsg has been
cardiac physiology with interests extending to cardiovascular
disease. In Bergen, Knut Aukland’s group has successfully and
sysiematically dealt with wanscapillary water balance, with
measurements and evaluations of interstitial pressure and
interstitial fluid volume and composition in different tissues.
Other groups in the same depaniment are working on adrenergic
mechanisms. Several groups, particularly in Trondheim and in
Osio, have made profitable use of the new Doppier ulirasound
echniques, after actually participating in the development of
high quality Doppler equipment, now under industrial production
in Norway.

In the Depantment of Physiology in Oslo, a group led by Lars
Wallge has combined the use of Doppler ultrasound and other
technigues inrevealing regulatory mechanisms related to cardiac
output and its distribution and variation, with measurements of
blood flow through various organs and tissues, such as working
muscle, skin arterio-venous anastomoses and the splanchnic
organs. A group led by Gunnar Nicolaysen has continued the
departmental line of interest in pulmonary circutation and has
lately - with the elaborate use of injected, tracer-marked beads
- studied the surprisingly uneven and heterogenous blood flow
through pulmonary as well as through muscular tissue. At the
Institue of Experimental Medicine in Oslo, a group led by
Fredrik Kiil, who years ago developed a well-functioning artificial
kidney, has worked productively on renal excretion aswell as on
circulatory control mechanisms. Methods developed in the
group for dynamic measurement of cardiac dimensions have
proved very useful.

The interest in arctic physiology, introduced by the late
Per Fredrik Scholander, has been maintained and is presently
mosteffectively pursued at Tromsg. Here, physiological research

on arctic birds was established in the early 1970s by Johan B
Steen. Today, a wide range of survival strategies and adaplive
mechanisms related to arctic and sub-arctic animals are siudied
by Amoldus Blix and his group.

Funding

Norwegian Physiology, as most other disciplines within biology
and fields of science, has traditionally been funded through
threechannels: basic funding through the universities , additional
and important funding from either the research councils or from
some specific funding organisations supporting cancer-related
research, cardiovascular research or other types of research in
general. The funding situation has, on the whole, been reasonably
good, especially for groups or topics that have gained the
confidence of gramting agencics.

There appear 10 be two main reasons for concern wday, one
being a shonage of salaries for permanent staff positions,
impeding the recruitment to academic institutions. The other is
the problem of getting money for new approaches and topics
which are at an early stage of development. Money comes moce
casily 10 those with an estabiished and acknowledged standing
- and o those working within fields declared 10 have national
priority. There is aiso some general anceriainty as o fuiure
funding, partly because the research councils are being
rearganised as from January 1993, Instead of five councils, there
will now be one big one, with six seciions. Nobody knows how
this new sysiem will work - amdbowmoney in future will be
directed unotmmspecmnsod lundmg organisation. it would be
fair w say that there is less optimism in Norwegian Physiology
today than some ten years ago. But that appears io hold true for
most sections of our as well as of other societies.

B A Waaler




Committee News

(The Committee News is compiled by Heather Dalitz)

Election of new Members

The Committee welcomes the following recently elected
Members:

Ordinary: P 1 Aaronson, Michael Ashford, Laura Bennet,
A Bradford, Fion Bremner, F L Burton, Peter Cahusac, Lucie
Clapp, William Coelzee, Roger Corrall, James Docherty,
Y E Earm, Simon Farmer, David Fedida, Daron Fincham, Eliot
Forster, Michae!l Geeves, Alasdair Gibb, Paul Greenhaf[, Linda
Greensmith, Nina Gnffiths, Carole Hackney, Linda Harrison,
Patrick Hartigan, Graeme Henderson, T W Higenbottam,
E Hillhouse, David Holder, Lesley Houghton, David Ingram,
Simon Jarvis, I § Kay, Comelis Kros, Dimitri Kullmann, Philip
Langton, G L Law, Helen Leathard, David Lewis, Giamal
Luheshi, Mary MacDermott, [an McFadzean, Barhara Miller,
Victor Moss, David Owen, D F Parker, Suzanne Phillips,
C E Pollard, Stepben Publicover, John Rawlings, Frances Rind,
DuncanRogers, Kathryn Ryder, P Sacco, Geoff Sandle, Monique
Sarantis, D B Sattelle, Wolfgang Schady, Guy Seabrook, Peter
Sneddon, J R Sneyd, Baggi Somasundaram, Marek Szatkowski,
JEH Tattersall, Peter Taylor, P D Thompson, Emil Toescu, Paul
Trayhum, Jonathan Treheme, P F Watson, Ursula Wells,
E M Winter.

Foreign: J R Biair-West, John Crook, C Dehay, Peter Detwiler,
Brunello Ghelarducci, Hugo Gonzalez-Serratos, Owen Hamill,
P H Hinckel, J] R Huame, W Jdnig, S Kasparov, O Kiehn,
L Kukstas, Edward Lakatta, Peng Li, P-M Lledo, Christopher
McBain, Kenryo Minezaki, Guanar Nicolaysen, Magda
Passatore, Bernardo Rudy, Walter Siuhmer, Tomoyuki
Takahashi, Bernd Urban, Migue! Valdeolmillos Lopez, A Varro,
Mei-Lin Wu, Wing-Ho Yung, Robert Zorec

New Honorary Members

Richard Keynes had a distinguished undergraduate career at
Trinity College, Cambridge. He was alecturer at the Physiological
Laboratory, Cambridge University from 1953 to 1960, then
moving to the ARC Institute of Animal Physiology, Babraham,
first as head of the Physiology department (1960-64) and later
as Director (1964-73). In 1973 he was appointed Professor of
Physiology at Cambridge University, a post he held until his
retirement in 1987,

Richard Keynes has made substantial contributions to our
knowledge about nerve physiology, particularly concerning ion
movements al rest and during stimulation. Very early on he used
radioactive potassium to trace the movements of this ion across
the nerve membrane [J Physiol (1951) 113; 199 and 114: 119].
His paper with Alan Hodgkin on “Actve transport of cations in
giant axons from Sepia and Loligo™ [J Physiol (1955), 128: 28]
was of immense importance.

To enable Members to refer to articles in previous issues of
the Magazine more easily, issues will now be numbered. The
numbering sequence has been started at the March 1992
issue (the first produced in the current format), so the
numbers of previous issues are as follows:

March 1992 (Newcastle Meeting)

May 1992 (St Andrews Meeting)

July 1992 (Oxford Meeting)

September 1992 (Cambridge Meeting)

Decéember 1992 (Queen Mary & Westfield Meeting)
January 1993 (Leeds Meeting)

April 1993 (Leicester Meeting)

N AW~

His work has been recognised in many ways. Elected FRS in
1959, he gave the Royal Society’s Croonian Leciure in 1983. He
was elected Foreign Member of the Royal Danish Academy of
Sciences in 1971 and a member of the American Academy of
Arts and Sciences in 1978. He served as a member of The
Physiological Society’s Committee from 1961 to 1965 and was
an editor of The Journal of Physiology from 1954 to 1961.

Doug Wilkie has recently retired from the Dept of Physiology,
UCL, where he had previously been Jodrell Professor of Physio-
logy and head of department. He is a Fellow of the Royal Society
and served on the Committee of The Physiological Society from
1965 to 1969. He is scientifically best known for his research
into skeletal muscle. His earlicr work began to combine
mechanical and energetic measurements. This continued through-
out his career and, most recently, he is perhaps best known for
the introduction of nuclear magnetic resonance imaging (nmr)
into muscle research. This work (which was initially carried out
with Joan Dawson and David Gadian) examined muscle fatigue
in both frog and human muscle and is the basis of the enormous
explosion in the use of nmr in physiology.

Doug has always hacl wide scientific interests. On the basisof his
muscle research he predicted that man-powered (but not horse-
powered) flight should be possible. He was a member of the
committee which designed the compesition which eventually
verified the first of these predicuons.

Finally, in his role for many years as the leader of the UCL
muscle group, Doug is responsible for encouraging many younger
scientists in this field.

The Committee welcomes the following
newly approved Affiliates

Nikolaos Aggelopoulos, Hossein Bagueri, Richard Barsby,
Tracy Birdsey, Andrew Blannin, Deidre Campion, Lormraine
Clarson, Michael Cumberbaich, Christopher Darby, David
Fumess,John Gate, Anne Graham, Kirk Hillsley, Steven Hunter,
Egrahimi Ismail, John O’Connor, Gholamreza Olyaei, Carl
Petersen, Madeline Semos, Frederick Tattersall, Andrew
Tumbull, Edward White, Changhao Wu




Administration & Publications Office, Oxford - changes in staff and Academic Supervisor

Now that the vansfer 1 DTP production of the Journal in the
Society’s Press Office in Cambridge is well under way, the
Commitiee has agreed that there woukd be technical efficiencies
in producing the CRC for the Abstracts and Proceedings volumes
of the Journal in the same place. Diana Greenslade has agreed
to move from the Oxford o the Cambridge office in March and
any Member with a query concerning an Abstract accepeed for
publication in theJowrnal should now contact iverat the Society’s
Journal office at Cambridge University Press, Shaftesbury
Road, Cambridge CB2 28BS, tel (0223) 68713.

Other publications of the Society (Annual Report, Grey Book,
Magazines etc) will continue to be produced in the Oxford
office, and & new Admnastration & Publications Assistant, Jane
Ault, has been appointed to assist with this. Afier taking science
A Levels, Jane obiained a degree in Geology and a higher
diploma in administralive procedures which, together with her
secretarial training and DTP experience, shoudd stand her in
gouxl stead for the broad range of work in the office.

Julian Jack’s term of office as Academic Supervisor of the
Oxford Office ended on 1 March 1993. Since his appointment
in 1990, julian has overseen the development of he office in
terms of the premises, equipment and staff, which now provide
a sound and suable hase for the Society’s administration and
many of its publications. The Committee expressed its sincere
thanks to him in supervising this major initiative.

Oxford Office staff, past and present, on the occasion of the change
of Supervisor

Richard Boyd, formedy Chairman of the Editorial Board of The
Jowrnal of Physiology, has agreed to be nominated for election
to the office of Honorary Commitiee Secreiary ai this year’s
ACGM. In the meantime, he has agreed to take over from Julian
Jack a5 the Committee Secretary’s nomines us Supervisor of the
Oxford Office, with effect from 1 March,

Diana Greenslade,
Publications
Assistant
Jane Ault,
Administration &
Publications
Assistant
Heather Dalitz,
Administrator
Kimberly Kustra,
Temporary Assistant

Wanted: Congress correspondents -
sponsorship available

Any Member or Affiliate who would be willing and able to write
an interesting account of his or her scientific and social
experiences as a participant at the Glasgow Congress is invited

Photography by Above: Julian Jack, outgoing Supervisor

Ander Mclntyre .
Below: Richard Boyd, incoming Superviscr

to apply to the Editor of this Magazine for sponsorship as a
“Congress Correspondent”. The Editor can pay up to £100 to
eachof up tothree peopie towards their travel and accommaodation
expenses in attending the Congress, payable on receipt of a piece
suitable for publication in this Magazine. Anyone inlerested
should contact the Society’s Admimistration Oifice or the
Magazine Editor in advance of the Congress.

o]




Publication of Contents pages of The
Journal of Physiology and Experimental

Physiology

Members who did not have shelf space for the Journal in the
days when there was no subscription reduction for not receiving
Members’ copies, may remember that they used 1o be able to
receive instead run-on copies of the Contents & Index pages.
This practice was discontinued when the new subscription
structure was introduced, partly because of the increased
complexity of subscription and mailing administration and
partly due to the excessive costpercopy. Since the subscriptions
were increased at last year's AGM, the number of Members
recelving Members® copies has fallen by about 10%, so that now
about 50% of the Society’s Members do not receive copaes for
their personal use. Following receipt of letiers such as those
from Colin Blakemore and Chris Peers (see page /3], ithas now
been agreed that the Contents pages of both the Society’s
journals be published in or with this Magazine [see page S4ff].
The aam will be to publish the Contents pages of both current
and, whenever possible, forthcoming issues of the journals.

Nominations for new Committee Members

The Commitlee’s nominations for the elections at the 1993
AGM are being circulated with this Magazine. Members are
reminded thai nominations for Ordinary membership of the
Committee cian be made, with the agreement of the nominee, by
five Members of the Society. These nominations should be seat
to the Commitice Scerctary, Dr D Cotterrell, The Physiological
Society, Mulidiscipline Laboraiories, School of Medicine, The
University, Leeds LS29JT. Itisthe Commiuee’s policy o make
fewer nominations than the number of vacancies arising and it
hopes thai Members will ensure thai there is a reasonable field
of candidaies proposed. All Members standing for election 10
the Commiiice will be asked if they are willing to provide a sher
article ccnaining biographicai and bibliographical details and
some mention of their coniribution o the Society’s activilies.
‘These staiemenis will then be published in the next issue of the
Magazine which will appear together with the baliol paper.

Science Policy Sub-Committee

{(Members: David Cotterrell, Lynn Bindman, Graham
Dockray, David Miller, Laurence Smaje, Nick Standen)

‘The Committee recently submitied a document on Science &
Technology in response ip William Waldegrave's imvitation io
comment on ways of achizving a stable and consisient policy for
Science research over the next [ive 1o ten years. While other
organisations such as Save British Science provided detaited
stalistical information, the Society’s submission emphasised
mauers specific and important to the discipline of Physiology.

The main points made in the document were as follows:

We welcomed the appointment of a Minister for Science and
would press him 1o produce a strategy for support of publicly
funded Science against benchmarks of the GDP © keep UK
science funding competitive with our EC and Nerth American
counterparts.

We welcomed the ACOST report and its recommendations for
an increase in the Science base funding which the Minister
should stnive 10 implemeat.

We would urge a commitment to properly funded career and
salary structures for Scientists. Morale, motivation and recruit-
ment are bow in Science. Forthe country Lo retain its intemational
competitiveness the maintenance of gquality in Science is
imperative. The outcome will be a highly skilled and inmemat-
ionally competitive scientific workforce for the Britisheconomy.

We supported the accountability and quality monitoring of
Science in Universities and Institutes through research selectivity
caercises. The Governmeat should usc the mechanisms of
accountability to suppon creativity in Science by a commitment
1o the re-introduction of the dual support of the Science base in
Universities funded both by Government and Reseasch Councils
and medical research charities.

We would recommend that overall funding policy should
continuwe 10 support a balance of both response-mode (e scientisi
driven) and direcicd research. The outcome of this would be an
original and increased contribution to both basic and applied
knowledge 10 the country.

We would recommend 2 commitment to a reduction in
burcaucracy in Science and an increased reliance on scientists’
professional judgement. The oulcome will be increased
productivity and creativity from our senior scientists.

Fuli copies of the submission can be obtained from the Society's
Administration Office.

Publications Sub-Committee

(Members: Gruham Dockray, John Atherton, Alan Brown,
David Cotterrell, Richard Dyball, Jim Gillespie, Cecil Kidd,
Gareth Leng, Noel McHale, Ann Silver, Nick Standen, John
Widdicombe)

The Commiuee has agreed W spoasor the publication of a book
on women in Physiology n Britain which is being edited by
Lynn Bindman, Alson Brading and Tilli Tansey. It is planned
that this will be made available for sale at the Glasgow Congress.

liis hoped thai copics of the new careers booklet, curreatly being
peepared, will also be on display al the Congress. By contrast
with the lasi edition, the new booklet will be aimed specifically
atthe 13- 18age group, wilh the emphasis on encouraging school
and college siudents io specialise in the biological sciences
rather than on providing information for university students
who have already made that decision.

The Committee has agroed that a special edition of this Magazine
be produced, solely for distribution to Congress registrants, with
the aim of encouraging new Members.




Animal Welfare Sub-Committee

(Members: Janice Marshall, John Atherton, L.yan Bindman,
David Coatterreli, David Eisner, Cecil Kidd)

Members of the Sub-Committee are sometimes approached by
physiologists whoare concerned that their children are receiving
one-sided information at schooi about animal experimentation.
The Sub-Committee would like to remind anyone in this situation
that the Administration Office is collecting literature which
aims to counterbalance the antivivisectionist viewpoint, and
that copies of relevant posters and leaflets are available from the
office, tel (0865) 798498. For primary school children, AMRIC
(12 Whitehall, London SW1A 2DY) produce an attractive,
humorously illustrated little booklet, Imagine what life would be
like without animals. Readers are also reminded that the Research
Defence Society runs a speakers’ scheme, providing free
presentations on s subject to schools; for further information,
telephone Simon Brophy at the RDS on (071) 287 2818.

The Sub-Committee is also keen to collect specimens of
antivivisectionist literature, including letters in local papers,
leaflets and posters etc, and would be grateful if anyone
encountering examples could send copies to the Administration
Office, PO Box 506, Oxford OX1 3XE.

New Video from AMRIC

Two representatives of the Sub-Committee recently attended
the launch of a new video by AMRIC (Animals in Medicines
Research Information Centre, sponsorad by the Association of
the British Pharmaceutical Industry). Aimed primarily at 12-16
year olds, the video takes the form of a kind of Grange Hill
episode, in which a group of teenagers is doing a project on the
subject. Thus, the material on animal experimentation is presented
partly asacontinuing dramatised debate between the participants
and partly as evidence from the people they interview - a cancer
nurse, a vet, a research director, a Hodgkin’s Disease sufferer
and so forth. Emotional and rational arguments are interwoven
throughout the film.

One of the author’s findings, in visiting schools, had been that
schoolchildren felt that one could not be a kind, caring person
andalsocondone - let alone undertake - animal experimentation,
and this is one of the themes the video addresses. This
oversimplification did arise partly from ignorance (as one actor
in the video puts it, “guilty until proven guilty”) and when given
further information most young people would moderate their
views, sometimes a little but sometimes quite substantially. This
video aims to present the issue as a very complicated one, with
difficult decisions to be made by all concerned, rather than
providing easy answers; and therefore to encourage teachers,
whether in English, Science or PSE classes, to discuss the issue
in a broader and more thought-provoking way.

Copies of the video are available, priced at £15.27 (including
VAT), from AMRIC; for ordering details, telephone (071)
588 0841. Aliernatively, the Society’s Administration Office
has copies for loan to Members and departments of Physiology.
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Historical Studies & Archives Advisory
Sub-Committee and The Paton Fund

(Members: David Whitieridge, Reg Chapman, David
Cotterrell, Martin Rosenberg, Julia Sheppard, Tilli Tansey)

The distinguished physician Sir Wilitam Osler, elecied a Member
ofthis Society in 19110, ciassified four Jevels of interest in history
displayed ir medical men {1 think we can safely tranclate thai io
inciude both piysiologisis and women). The first category was
that of compiete disinéerest; the second streiched 10 reading
articles or even books in ihe history of their own speciality;
whilst members of the third group would do more, engaging in
research and producing the occasional paper. The fourthcaiegory
embraced the tiny minority that became professional historians;
as far as I kmow ithe present Physiological Society membership
includes very few of this class, and fewer, I hope, of the first
category. Thus this article is addressed to those with a passing
or more focused interest in the history of physiology.

In 1990, the Honorary Mcmber and former Secretary
W D M Paton made a donation to the Society, matched by ihe
Committee, toestablisha “Historical Resources Fund” to support
studies in the history of physiology. The aims of the Fund are 10
promote the study of physiological experiment and discovery,
and, on the founder’s advice, a sub-commiuee was established
to oversee the administration of the Fund. Afier an inidal
meeting, the sub-commiltee was recomvened, with broader
responsibilities, as an Advisory Sub-Commitiee on History and
Archives. The present constitution is David Whitteridge
(Chairman), Tilli Tansey (Secretary), Reg Chapman, David
Cotterrell, Martin Rosenberg, and Julia Sheppard, the archivist
of the Contemporary Medical Archives Centre of the Wellcome
Institute. Afler two meetings, the areas of interest to the Sub-
Commiliee are acknowledged 10 be wide-ranging. One main
responsibility is that of overseeing the Archives of the Society,
recently transferred from Churchili College, Cambridge to the
Contemporary Medical Archives Centre. There they are on
permanent loan under the care of the CMAC archivists and are
currently being catalogued at the Society’s expense by Isobel
Hunter, a professional archivist. It is hoped thal they will
eventuilly be more accessible to serious historical scholars and
to Members of the Society who may wish to consult them.
Accesstothe Archives remains as it was in Cambridge, requiring
the permission of one of the Oifficers of the Society, and
publication requires authorisation from the Commitiee. Some
files are closed.

Another area of keen interest is that of acquiring and
understanding items of physiological equipment that have
historical value, either because of their unigueness or for the
very opposite reason - as a record of the routine progress of
physiological research and teaching. To a large extent the
Society’s concemns in this area are mirrored by the interests of
the Science Museum, and a joint working parly has been
established between the two bodies 1o identify, acquire, document
and conserve suiiableitems of equipment. Asa Blakeley, Angela
Drake-Holland, Mary Phillips, Alan Sykes and Tilli Tansey
represent the Society in this venture, with members of the
Science Museum curatorial staff.

Otheractivities that currently engage the Sub-Committee include
an attempt, withthe assistance of the British Medical Association
and the National Film Archives, to locate copies of all the




Society’s historical films, and 1o initiate, as soon as possible, a
systematic “‘oral-history” programme amongst Members of the
Society.

However, we remain open to any and all suggestions as to how
the aims of the Historical Resources Fund, 1o promote the study
of physiologicalexperiment and discovery, might most properly

be met, and invite any Member (o wrile to the Secretary of the
Sub-Commuattee (Tilli Tansey, The Wellcome Trust, 183 Euston
Road, London NW1 2BE) with suitable propositions or
commenis.

Till Tansey

Prizes & Prize Lectures Subcommittee

(Members: David Cotterrell, Graham Dockray, Abe Guz,
Jim Gillespie, Cecil Kidd, Laurence Smaje, Nick Standen)

The Wellcome Prize in Physiology

The Wellcome Prize in Physiology was instwied in 1985, to
encourage young physiologists and bring their work 1 general
notice. The Prize, awarded bienmally, takes the forin of a
lecture, an award and a medal. Three Wellcome Prize lectures
have been given, by Kevan Martin, David Eiseer and Andy
King, and the fourth Wellcome Prize Lecture is 1o be given by
Hugh Matthews at the Leicester Meeting [ see the Views section
Sfor summaries of his alk].

A great deai of work and thought has gone inte the design of a
suitable medal. Ii was agreed that one side shouki represent
Wellcome, and the other Physiology. The first presented no
problems once the Trust’s new logo was adopied; haowever, how
does ene represent Physiology? As the Commitiee discoversd
when i considered suggestions from Members and others fora
new Socicty logo, this is a difficult and contentious challenge!

The Wellcome Trustcommissioned January Design (the London
consultants who have designed some of the Trust’s material,
ircluding its new Science for Life exhibition book) to work
closely with one of the Govemnors, Sir Stanlcy Peart, on the
conception and design of a medal. January has had wide exper-
ience in a range of design areas; but for Mark Pickthall, their
Managing Director, who has maintained an interest in science
since his schooldays, this was a particularly challenging and
enjoyable project. Afker considering many different concepts,
the eventual solution was adesign consisting of representations
of all the major aspects of physiology. These representations
have mnow been crafted wgether o produce an interesting and
auractive medal,

Once the design of the medal had been agreed, Ian Rank-
Broadiey (a sculpior well known for his medallic art, with work
displayed in the British Museum and the Worshipful Company

of Goldsmiths) wascommissioned to prepare the models, working
from January’s original designs. The medal was first modelled
in plaster 1 a size four or five times larger than the finished result

Phovograph kindly supplied by January Design

would be, using two plaster moulds 1o pick up the detaal on both
sides of the medal. A negative impression was then taken, using
a hard resin, and this impression was used as a master in a
machine which cuts the reduced impression iato a piece of steel,
thus producing the dies between which the medal is struck in a
press capable of exerting a force of several hundred tonnes. To
prevent the metal spreading, the dies are trapped in a cylindrical
collar. Striking the medals hardens the metal and during the
process it 15 necessary 1o soften the metal by anncaling it - ic
heating and then cooling it in a controlled manner - between the
several pressings required. When the desired relief has heen
achicved and the maker’s mark (TF) added, the quality of the
silver is then checked at the Assay Office. At this stage, three
further distinguishing marks are added: a hon passant, denoting
925 silver; an anchor, being the mark of the Birmingham Assay
Office; and a date leser. The desired finish is then applicd; in this
case, the silver of the medal is lightly oxidised, which twms it to
a shade of grey, and then relieved to provide a delicate contrast
in order to dramatise 1he relicf.

The Welicome Trust, January Design and the Committee hope
that the first three Wellcome Prize lecwurers will agree that these
medals are a part of the award worth waiting ffor. [n token of its
appreciation of the Wellcome Trust’s long-standing support for
the discipline of Physiology, the Committee has decided to take
the unusual step of presenting the Trust with a bronze Socicty
Dog, in retum; this presentation will also be made in Leicester.
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Pfizer Prizes

As reporied in the September 1992 edition of the Magazine,
Plizeroifered the Society last year aone-off payment of £10,000
10 fund @ number of Plizer Awards. The details of these prizes
have now been agreed. Awards, with prizes of £150 each, will
be made to postgraduate students for oral Communications
presended in the Designated Sessions of the Socicty’s Special
Interest Groups, according 10 the following rules:

1 Up to six Pfizer Prizes will be awarded each year on the
basis of oral Communications made in the Designated
Sessions of Special Interest Groups.

2 Candidates for a Plizer Prize should be registered for a
higher degree by research in a department of & higher
education institute in the UK or Eire, Normally, prizes will
be awarded wot more than four years from the date of the
initial registration,

3 The convenaors of Special Interest Groups will be invited
bid for a Prize in onc of their Designated Sessions. The
Prizes Sub-Commitice, in consultation witharepeeseniaiive
of Pfizer, will select Designated Sessioas in which there
will be a Prize competition. Normally, not more than one
Prize will be awarded for Communicaiions in a particular
Session or toone Special Interesi Group cach ycar. The list
of successful bids will be published in September for the
following calendar year.

4  Entrants should ideatify themseives whea they submit their
abstracts to the Meetings Secretary. They may submitonly
one abstract for consideration for a Prize. When the entrant
is not the sole author, the supervisor should provide a
statement of the relative contributions made by co-authors.

5 Submissions will be judged by a panel of theee, consisting
of ane nominee each of Plizer Lid, the Meelings Secreary
and the Special Intesest Group convencr. Panel members
shall not belong to the same department as any of the
entrants.

6 The pancl shall meet immediately after the completion of
the Designated Session and reach a decision at that time. A
majority vole by the panel will be sufficient 1o make an
award. Anaward will not be made if in the opinion of at least
two of the pancl members it was not justified by the quality
of scicnce in the submitied abstracts.

7 ‘The panel will take account of the quality of the abstracts,
oral presentations and discussions.

8 The pancl decision will be published by the Mectings
Sccretary as a written notice displayed at the Registration
Desk.

9 Awards will be made ai a ime and place each year 10 he
decided by the Commitice Secretary in consultation with a
representaiive of Plizer Lid.

Congratulations

- 1o Reg Chapman, Dano DiFrancesco and Hans Ussing on their
election 10 membership of the Academia Europaca. The
Academia Europaca was established in 1988 and s2cks to
“respond to the needs and expectations of the countries of
Europe”.

- o Roger Carpenter on winning the 1992 Glaxo Prize for
Biology and Medicine [see page 25}

nociceplor excitalxiity

No charge will be made for registration.

Forms to be returned by 23 April 1993

SANDOZ INSTITUTE FOR MEDICAL RESEARCH
YILANNUAL SYMPOSIUM

MEDIATORS OF INFLAMMATORY PAIN

THE ROYAL SOCIETY
6 Carlton House Terrace, London
21 May 1993
Start 9.00 Close 17.30

Effects of inflammalory
products on nocicepiors P Reeh (Erlangen)
Bradykinin in inflammatory pain M N Perkins (London)
Cyclooxygenascs in inflammation T Hix {(Rockville)
Nearopeptides in inflammation T J Wiliiams (London)
Mediators of joint inflammation J Levine (San Francisco)
Sympaiheiic mechanizms in S H Ferreira {Ribeiro Preto)
inflammatory pain
Cytokines in inflammation and A McKenzie (Bem)
hyperalgesia
Nearotrophic factors and L Mendell (New York,

Admission to the Symposium will be limited to registrants.

Registestion forms from: Mrs M. C Stuart, Sandoz Institute for Medical Research, 5 Gower Place, London WC1E 6BN




Letters

Society Meetings

Dear Sir,

With reference o the plea from the Meetings Secrctary in the
January issue of the Magazine, we think that Lthere are two main
problems: o0 many Meelings per year and voling with
subscquent publication of abstracts.

There should be @ maximum of two or poessibly three General
Meetings a year with several smaller Meetings involving Special
Inicrest Groups. This would have a number of advaniages: ihe
Meetings could be held out of term time, therefore student
accommodation could routinely be used, leading to reduced
Meeting cosis 10 both the Sociely and the individual. All
Members should be able to atiend all Meetings, resulting in
iarger, more knowledgeable audiences.

There should be no second publication of abstracts following
the Meeting. The Socicty could pre-vet abstracts, with selection
of work for either oral or poster preseatation. Abstracts should
be submited in camera ready form and published four 1o a page
(irrespective of whether actually presenied) as a supplement 1o
the Journal. In this way, there would be no voting following a
presentation and discussions would centre around the scientific
content rather than the grammatical content of the presentations,
yet still resulting in a citable publication. This would reduce the
work load for the Society’s administrators and negate the need
for the current extra volumes of the Journal,

Both of these suggestions would Jead 10 cash savings and, more
imporianly, 0 an improved environment conducive to the
fostering of scientific relationships.

Malcolm Hunter and Stan White

Clinicians in Basic Science Research

Dear Sir,

I have been asked to comment on the articies by Geoff Sandle,
George Han, Praveen Anand and Peier Fentem (“Focus on
Clinical Scientists” - December 1992 issue) and a ictier giving
the perspective from Germany by Alfred Thilmann (January
1993 issue). The Academic Medicine Group has aiso held a
timely one day conference on “Current opporiunitiesin clinical
research” atthe Royal College of Physicians. This Mecting was
well altended and was the subject of editorials in both the Brirish
Medical Journal' and The Lancet* . There is therefore
considerabie interest in the subject and pienty of materiai for a
vigorous and constructive public debate in which Thope Members
of the Socicty will participate, including via the correspondence
pages of this Magazine.

Geoft Sandle’s article (“Climicians and Basic Science Research™)
was detailed, acerbic and enjoyable; it should be recommended
reading for any chinician contemplaling a research career, in
gasircenierology or otherwise,

Publication of Contents Pages of the
Soclety's Journals

Dear Sir,

Under the new arrangements, 1, like many other Members of the
Society, no longer receive ihe Journal. While I value the bonus
in shelf space, | miss the chance 10 see whal is in the Journal as
soon s each volume appears. Of course, I usually glance ai the
contents page in the Library, but I sometimes forget or ke
months 1o get around 10 iL

1 certainly read the Jowrnal less than T used w when i
auwtomatically landed on my desk cach month. If other Members
who no longer take the Journal are also looking at it less, this
will, in the long run, be bad foe the Jowrnal, because they won't
use it for their own papers.

What about distribuiing @ Contents List for cach volume of the
Jowrnai w all Members, at least 1 thase who take the Notices
and Abstracts for Meetings of the Society? To save the costs of
postage, these Conents Lists could be mailed with Meeting
notices.

Colin Blakemore

Dear Sir,

Ldecided tocancel my subscription to The Journal of Physiology
following the increase in subscription costs agreed at the last
AGM. 1 regretted this very much as 1 found the Journal very
useful but the approved increase in costs to Members meant that
I could ro tonger affaord it. Would it be possible wo be seat copies
of the Journal contents instead? This would be very useful.

Chris Peers

George Hart (“Some praclical problems faced by clinicians
doing rescarch in the basic sciences™) covered more ground than
the title suggests; in particular, he carefully analysed the root
causes of many of the problems such as many academic
departments being overburdencd with routine NHS service
commitments, the importance attached o quantity rather than
quality of publications, disparitics in salarics of academic and
“service” clinicians and the serious lack of a (funded) framework
for people wanting 10 train o do both rescarch and clinical
practice. His recommenxiation that research should best be
started after clinicians have obined their MRCP contrasts with
the Cambndge philosophy of a unificd MB-PhD programme
based on the American model of combining 2 research and
clinical career from the outset for a preselecied elite. Both sides
have distinguished protagonists who uncharacleristically assert
the merits of their respective causes in the absence of any
comparative follow wp results in this country,
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Praveen Anand (“Interactions with basic sciemtists: a neuro-
logist’s tale”) gave a personal account of his progress in clinical
neurochemical research. While triumph over perverse adversity
is a clearly mecessary and useful personal maxim for clinical
scientists, his article did not discuss strategies that might be
empioyed by institutions to break down the barriers between
basic scientists and clinicians, thus forming multidisciplinary
research groups; there would also be useful spin-offs for ieaching.
He ended by saying that a niche for an academic clinician would
be 10 conduct clinical trials of new treatments; certainly the
flourishing of such units around the country indicates that he is
not alone in that belief.

Peter Fentem, wearing his hat as Dean of Medicine, wrote about
the Impaci of Health Service Reforms on Clinical Medical
{undergraduate) Edocation and only briefly mentioned research;
it is @ pity that his article was not appropriately cxtended, as it
differs in #ts focus from the other three articles. Perhaps the
Editor should invite him or another dean or a director of medical
and dental development to give this important perspective onthe
isspeofclinical scientists. As Peter Fentem points oul, smportance
is translated into monies; the Service Increment for Teaching
and Rescarch (SIFTR) is £35,000 for cvery clinical medical
student; posigraduate deans now wic ki further influence by top-
slicing the income of jumor hospital staff; the quality of both
undergraduate and posigraduate education may be preserved
and improved in the new market-based clinical environment

Keith Peters and Peter Lachmann outlined the curnent Cambridge
viewpoint ai the recent conference on current opportunities in
clinical research. Unforunately, due to my cument clinical
commitments, I missed their talks. They asserted that research
raining must be for at leasi three full-time, properly supervised
years doing nothing but research, leading 10 a PhD. The terms
“orho-research” and “meta-research” were introduced. Crtho-
rescarch is that research which addresses fundamental questions,
and is conducted by clinical scientists for whom research is their
major commitment. Meta-research is the rest. By actively
nururing ortho-research, the future clinical scientific elite will
be wdentified and developed, al least in Cambridge. While
laudable in its aims, what about those who are unable to
participate in such schemes, through lack of either ability or
opportunity? A particukar problem that was raised was in surgery:
Geoffrey Chisolm, a distinguished head of a university
department of Surgery and Chairman of the Joint Committee on
Higher Surgical Training, said that he could not countenance a
“serious” surgeon spending much more than one year away
from the scalpel. As such, it introduces a potential schism in the
academic clinical community - those for whom research is
jparamount and others for whom clinical skills are most valuped.
‘Whai a pity that more people do not agree with the middle
ground espoused by Sir David Weatherall’, quoted by George
Hart, that the future leaders in academic medicine, rigorously
trained both clinically and scientifically, focusing on a limited
ciinical topic, should excel in both worlds and ihereby actas role
models for fulure generations.

The discussion groups were lively. Clinicians in graining were
deeply concerned about specialist accreditation in that there was
abeliel that to obtain 2 senior lectureship, working inateam, one
should not have to be as clinically experienced as a candidate for
anNHS consuitancy, working as a lone specialist. This argument
doesn’t appear logical: a team is as weak as its weakest link:
furthermore, just as there is a danger of clinicians doing second
rale science, similarly there is a danger of such academics being

regarded as second rate clinicians by their NHS colleagues, their
students and potentially by the public. The abseuce of a well
funded aliemative career framework for those who wish io
pursue a iong term research career was highlighicd. Forexample,
the MRC, British Heart Foundation, Arthritis ankd Rheumatism
Council and the Wellcome Trust all fund Semior Clinica
Fellowships, the hoiders of which proceed 10 senior academic
appeintments; however as Geoff Sandie and others poinied out,
thetotal number available is woefully inadequate, Diana Dunstan,
representing the MRC, said that the MRC at least recognised the
probiem and would shortiy be undertaking a mationwide
consuitative exercisc on how best to suppor a clinical scieniific
carcer ludder from the botom 10 the wp. For such a ladder 10
functioneffectively, there musibe capacily for laeeral movement
ateach siage, both onio the ladder and, for those whose aptitucdes
fic elsewhere, off the ladder to be cased back into the NHS or
elsewhere.

The director of development and rescarch at the Department of
Health, Mike Peckham, described how 1.5% of the NHS budget,
some £300m, was going 10 be spent on R&D, Each NHS region
has or will appoint a director of R&D, who will be a senior
clinical academic or public health specialist; they will sit on a
national council. Their objectives will be 10 focus on service
support and fund allocation for research, manage rescarch and
relate the NHS 1o the science hase and vice versa. A second
initiative will be 10 construct regional research databases to
inform thecouncil where and when research has beencompleted,
vital 1o auditing the “R” in “SIFTR”.

The final lecwre, entitied “Opportunities for Research in the
Universities”, was given by the Chairman of the Universities
Funding Council Medical Committee, Michacl Bond. He
described how funding for research would be allocased. In the
Block grant, 2/3 supports eaching, 1/3 research. The research
component is subdivided into DR ( support for charity income),
JR (a quality factor, depending on the selectivily exercisc) and
CR (contract research). In addition o the Block grant, there is
separate support forteaching undergraduates and posigraduates.

I believe The Physiological Sociely is well placed to continue as
a forum for clinical science in this country. It is not good enough
to pointto Alfred Thilmann’s article and say that other countries
have their own problems. It is up to individual Members o enter
the debare with vigourand actively participate in the consultation
exercises. The outcome should be a self-perpetuating breed of
clinical scieatists who will have been trained thoroughly,
scientifically and clinically, and who can function in a framework
designed to support their activity of addressing imporiam
questions in medicine and biology.

Avijit Datta
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Dear Sir,

I was pleased to see Geoff Sandle’s article on this important
subject in the last issue of The Physiological Socicty Magazine.
In his article, he highlights a gap in pee-gxisting schemes of
support that we had already identified. Under the subject of
“how to keep going” he talks about the frustration experienced
by clinical scicntists who have underaken some research and
who wish 1o remain active in research, particularly across the
gap until they are able 1o compete for a Senior Lectureship or
one of the highly prized Senior Clinical Fellowships.

The Wellcome Trust now provides 1wo new schemes of suppart,
in addition to the existing Rescarch Training Fellowships for
Medical Graduates, and Senior Clinical Fellowships.

If I may quote from the flysheer advertising these schemes:-

“Research Fellowships for Medical and Dental
Graduates

The Trust has schemes of Rescarch Fellowships for Medical
and Dental Graduates, designed to provide support at any time
in a clinical rescarch career from the completion of general
professional raining 1o the stage for appointmént 1o a Sensor
Clinical Fellowship {(whether funded by the Trust or any other
body) or 1w a University Senior Lecrreship.

Research Training Fellowships for Medical and Dental
Graduates

These Training Fellowships are for Medical or Dental Graduates
early in their academic career. Candidates for this scheme will
normally have litthe rescarch experience, and be considering
a serious training in research in an appropriale laboralory.
Candidales should not normally be over the age of thiny-four
years, and awards are usually for a period of two or threg years.
Sponsors are mvited Lo submitnominations, which are considered
five times each year. Short-listed candidates are interviewed at
the officesof the Trust. There are separate schemes available for
awards in clinical epidemiology, health services research, menial
health and vision rescarch.

Advanced Training Fellowships for Medical and
Dental Graduates

This scheme s similar in scope 1o the Research Training
Fellowships for Medical Graduates, but imtended forindividuais
al a slighily more advanced siage in their carcers. Many
candidaies will previously have held @ Research Training
Fellowship from the Trust or some other appropriate body.
Some candidaies may wish 10 re-orient their research after
a period in clinical work, or o develop new skiils following
their carlier period of research training. Support will be available
for up 1o two or three years and the possibility of funding for
a period of research abroad will be available. Applications for
this scheme will be considered five time & year with applications
for ihe related Research Training Fellowship scheme.

Career Development Fellowships for Medical
G raduates

Relatively few of these awards will be available, and they will
be for particularly high-flying individuals with an outstanding
record of success in their first Research Fellowship. Candidates
will be required to convince the Trust that their progress is such
that they should have special help o maintain the momenium of
their research, whether in their existing laboratory or in another
laboratory at home or abroad. These Fellowships will provide
support for between two and five years, and candidates will be
able to progress without unnecessary interruption 10 the stage
where they can apply for a Senior Clinical Fellowship,

Intending applicants for this new scheme should write to the
Trust with a copy of their curriculum vitac, a notc on their
intended research, and an explanation of why suppoet of this
lype is particularly desirabie in their case.”

Inhisarticle, Dr Sandle particularly commenis on the desirability
of spending time abroad, and readers will see from the text of
our new advertisement that funding to work abroad is certainly
a recognised possibility.

The Welicome Trust has made another change in its schemes of
support for a clinical scientist that may be of interest. Senior
Clinical Fellowships are of course highly desirable, and many
distinguished clinical scientists have passed through this scheme
on their way to very senior academic appointments. However,
an established appointment may make pressing demands in
terms of eaching, administration and clinical work, and it is a
pity when active Senior Clinical Fellows have to partly withdraw
from the laboratory bench io undertake more routine duties, The
Trust has therefore decided that its Senior Clinical Fellowships
can be renewable, so that support can extend for ten years rather
than for only five. This should help to keep some of the most
active rescarch workers in the place where they belong, with
adequate support and with minimum distractions.

The Trust is always keen to developits schemes of support, and
clinicians have a particularly important role to play in many
fields of biomedical science. The Trust supports a very large
number of clinicians on the various schemes, many of them
physiolegists, and they will have an important role to play in the
future. Anyone with suggestions on ways in which these schemes
might be improved is very welcome to write 10 me and of course
we are always interested to hear from intending applicants for
the various Fellowships. Such enquiries can be addressed either
to me or to my colleague, Miss Sandra Carpenter, at the offices
of the Wellcome Trust, 183 Euston Road, London NW1 2BE.

David Gordon
Programme Director
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Reports

A joint teaching forum organised by the Biochemical
and Physiological Societies.

New Directions for Biochemistry and
Physiology Teaching

Changing role of the General Medicai Council (GMC)

A joint forum 1o discuss possible future developments in the
teaching of basic medical science, was held on Wednesday
16 December 1992 at the Royal Free Hospital Medical School,
Over a hundred colleagues attended, representing both sides of
the former binary divide, and considerable time was spent in
anmated discussion of the issues introduced by the four speakers.
The main theme of the aficmoon - thai of ihe requirement for
change - was introduced by David Shaw, Chairman of the
Education Commitice of the GMC. He began by concisely
describing the historical development of the GMC’s role in
setting standards for undergraduate medical education and weat
on to cxplain how the comprehensive nature of earlier legislation
had contributed to the factual overload of the undergraduate
curmiculum. The 1978 Medical Acts to some extent freed the
GMC from the statwory requirement 1o ensure completeness of
training and allowed consideration of whatmight be educationally
most appropeiate for students beginning their carcersin medicine.
‘The GMC undertakes ten-yearly reviews of medical education,
usually resulting in the publication of @ series of
recommendations. In 1990 a different approach was adopied,
with the circulation of a discussion document (o foster a wide
debate before formulating new recommendations. There are
several themes to this document, many of them seeming radical
when compared (o current undergraduate medical courses. The
primary educational aims of the proposals are (1) to reduce the
load of factual information now imposed by mast curricula and
(2) 10 develop the students’ capacity for self-directed keaming.
Other aims refiect the changes in medicine and public attitudes
towards it. The health needs of populations need 1o be emphasised
as well as the duagnosis and management of the diseases of
individuals. Training should reflect the changing bakance between
community care and hospital based provision and training
should acknowledge that beter informed paticnts demand better
communication skills of their doctors.

Curriculum changes
Within the curriculum there needs 1o be:

(1) Betterintegrationol mformation, both horizontally between
disciplines and vertically, so that students have early
eaposure 1o patients and maintain basic scicnce study late
into their training.

(2) Eiforts should be made to encourage the skills of leaming
and o provide esrly experience of rescarch method.

(3) Thought should be given w the development of a core
curriculum, comprising the knowledge and skills necessary
1o achieve a provisional registration, coupled with peniods
of “special stedies” or “options” which would provide an
opportunity for exploration in depth of subjects of particular
interest to individual studenis.
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(4) The“‘core plus options” approach would both reduce factual
overload and permil curiosity and rescarch-based leaming
to produce a cohort of siudents with varying interests and
experience.

(5) Asscssment iechniques should be improved to support the
aims of a closer co-ordination of uedergraduale and
postgraduate training.

In conclusion, Professor Shaw noted that close collaboration
between basic scientisis and clinicians in planning the curriculum
was now becoming more widely accepied and that the traditional
preclinical/clinical divide was becoming blurred as basic
scientists contributed to the later stages of training and patients
were introduced to students early in their studies. There has also
been a shift away from discipline-based courses to those which
use @n inendisciplinary approach in sysiems- or topic- based
courses leading to greater vertical and horizontal integration of
the cumculum,

Case study of a new curriculum

“The second session was presented by Peter McCrorie, Curriculum
Coordinaior for the City and East London Confederation for
Medicine and Dentistry (CELC). CELC comprises the clinical
schools of St Bartholomew's and the London Hospital Medical
Colicges and the Faculty of Basic Medical Sciences at Queen
Mary and Westfield College. Dr McCrorie preseated the basic
medical science components of the CELC curriculum as a case
study. This mew curriculum, while developed prior w0 the
GMC’s discussion document, has neveriheless anticipated some
the issues which have subsequently arisen.

Outlime of the course: 'The CELC curriculum is divided into
three phases: the first primarily basic medical science; the third
clinical training; and the second a transitonal phase which
inclades psycho-social and statistical aspects of medicine,
a research project and an introduction 10 chinical skills, The
basic sciences teaching in Phase 1 is sysiems-based and is
arranged as a serics of modules (¢g Molecales, Cells and
Tissues; Alimentary System; Neuroscience; Whole Body and
Nutrition), initally designed by a multidisciplinary tcam
inclading clinicians and students as well as basic medical
scienuists. The chief benefits of this design process were that
arcas of overlap in waching were identified, the curriculum
became more integrated and the medical relevance of the
matenal was enhanced

Iniegration in the curriculwm: Early clinical exposure was
improved by increasing the number of paticnt preseniations io
aboatone per week. In these sessions, clinicians present patienis
or patieni histories which help 1o mainiain inierest and intlegrate
basic science and clinical information. Vertical integration was
also increased by the creation of “academic half days”, dealing
with topics such as jaundice, hypertension or asthma. These
occurin Phase [11, as pantof the clinical course. The sessions are
often organised by groaps of students and usually include
presentations from both clinicians and basic scienlists. 1L has
proveddiificult w introduce cardy exposure 10 bedside icaching,
but the introduction of two weeks of community hased study
into Phase 1 has allowed students to gan an awareness of the
health needs and social issues of the local communities from
which the stxdents’ future patients will come.




Reduction of factual overioad: In an attempt 1o reduce factual
overioad, lectures in Phase | were limited 1o wea per week and
reduced 10 45 minutes’ duration, and there has been a uniform
introduction of formal leaming objectives for each lecture.
Encouraging learning skilis: Active leamning was encouraged
by setting aside ten hours in cach week’s umetable for self-
directed leaming {(SDL) exercises, performed as individual
privaic study or as group study and linked 1o ttorial sessions.
SDL exercises included the analysis of patient histones, compater
based exercises, data handling, mini- projects, posier preparation,
ete. These exercises were intended 1o increase student capacity
for self-leamning, critical and Jogical rcasoning skills and to
improve student participation in wiorial sessions, Critical and
scientific thinking and in-depth study were also developed by
the inclusion of a rescarch project (in any area related to
medicine) in Phase 11, which also introduced a clement of choice
into the curriculum, adding o that provided by the clinical
elective period. However, much remains to be done indeveloping
a core plus options approach.

Improved assessment: The guiding principle here was 1o match
assessment to siyle of weaching and learming. Thus, systems
based courses are examined in collections of sysiems based
papers and reliability has been increased by a shift away from
essays to short answer and other forms of assessment. Where
teaching uses particular echnigues such as tefevisions for
microanatomy, then assessment also uses televised maierial.

Dr McCrorie stressed that the key 1o successful reoeganisation
was to respond positively 1o the challenge. Interdisciplinary
imMegration can generate new friendships and partnerships
between departments, and students gain more enjoyment from
a hasic medical science course which is interesting and relevant.

An experiment in active learning

Dr McCrorie's session was followed by my own which was
iniended to highlight ithe differences in approach of a teacher
orieated curriculum asoppoesed to a student oriented curriculum.,
Since ] was concerned 1o advance a case for the merits of active
leaming, I atiempted @0 avoid leciuring (o the audience for the
whole session; rather, | asked them actively 1o consider a
number of issucs in the hope that this would lead 1o my carefully
prepared conclusions. This was the first time that | had tried 10
use active learning techniques with a non-student audience and
1 was surprised by how well it seemed to go. T began by asking
colleagues to state characleristics of either “good” or “less
good” swdents. This allowed me very quickly to develop the
idea that “good students” have a deep approach to leaming, arc
active and acquisitive about knowledge, secking 10 extend and
integratc knowledge and understanding as they leam. “Less
good” students have a superficial approach, often resorting 1o
rofie leaming and gquickly forgetling information once the
examinaiions arc over. Swdenis with the deep approach icam
better and remember longer.

1 then asked the group 1o describe the advantages and drawbacks
of the use of research projects. It became clear that one of the
reasons why many students perform so well in project work is
that they are actively involved in the project and have
responsibility for their own leaming. Active participation ir the
leaming process encourages the deep approach and resulis in
betier leaming.

Active leaming and participation can be introduced into almost
every component of the curriculum. Practicals can be problem

basad, lectures can actively encourage student participation and
students can be setchallenging tasks for their private study time.
Most importantly, the twtorial or ssminarcan be moch more than
a mini-lecture by the ieacher and can provide opportunities for
students to interact with cach other and 10 demonstrase their
leaming. The benefits of active leaming are not limited to better
feaming but communication skills and wamwork are also
improved.

‘Whatis required to create more active and self-directed lcaming
is not just the application of appropriate techniques {of which
there are many) but also an acceptance by teachers that their role
in cducation should shift from that of instrucior © onc of
facilitator - from director 10 stage manager of the educational
process. This helps students to develop the skills which allow
them 1o take responsibility for their own leaming,

Changes in North America

The final session of the afternoon was provided by Gordon
Moore of Harvard Medical School. Professor Moore described
tworevolutionsinthe scientific cultwre affecting North American
and other medical schools,

Separation of researchandteaching : Formany decades, medical
schools have happily combined the roles of research instituie
and educational college; but nowadays much medical research,
both clinical and basic science, requires expertise at the cellular
and molecular kevel and academic stafThave become increasingly
specialised in these areas. This rescarch revolution has resalted
in a disjunction between the needs of the research enierprise -
specialisation - and the needs of the teaching enterprisc, where
a broad general knowledge is most useful. Gordon pointed out
that rescarch in subjects such as anatomy has become so
specialised that finding anatomists o teach classical anatomy in
North America is virtaally impossible.

Changing role of the teacher: 'The second revolution concems
the changing role of the leacher, as increasing interest in active
lcaming processes requires teachers to become facilitators.
Typically, the form of active ieaming being adopted by North
American medical schools (Harvard included) is the problem
based curriculum in which most if not all student leaming is
achievedthrough the study of patient histories and other problems.

A problem-based curriculum: At first sight, these tworevolutions
would seem 10 be incompatible with the dual roles of eaching
and research within a traditional medical school. Professor
Moore demonstrated, however, that the problems of the first
revolution could be largely solved by the consequences of the
second,  His evidence comes from helping w0 organise ihe
problem based curriculum which formed the New Pathway al
Harvard Medical School. He found that student directed leaming
could well be an answer to increased specialisation in academic
stafTas well as countering student boredom and passivity. Italso
helps to solve problems of factual overioad of the curriculum
since students become experts at deciding how much they need
to learn and what skills are required to leam it. The eaching
method stresses independent study, so students spend relatively
litle time in wiorials with staff, allowing many staif to devote
themselves to other activities. Since the tutors are intended to act
as facilitators of student study and discussion, and not as sources
of information, then it doesn’t matter 100 much if utors are
specialists rather than generalists. Most interestingly, what
seems o happen is that the witors icam alongside the studeats
and most have found the process very rewarding. Professor
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Moore concludes, therefore, that one wiy 10 mainlain Srong
research and teaching in a united institution is 0 adopt the
technigues of student directed and problem based learning.

impressions of the symposium: The whole aflernoon was
characterised by a high standard of observant and often willy
discussion (very ably chaired by Tim Horder, Preclinical Dean
at Oxford) and this was continued at a reception after the
sessions. It was not expected that we would amive at any
consensus at the Meeting bat it is interesting that the issues of
active and student directed learming were features of all of the
sessions. David Shaw, who is particularly concemed that there
should be a good debate about the fuwre of medical education,
fely afterwards that the sessions and discussions were amongst
the most animated and useful that he has attended.

‘The forum seems 10 have been judged as useful and successful
and there 18 a feeling that similar evends in the futare would aiso
be worthwhik. It remains only to thank Dr Michael Yudkin
(Biochemistry, Oxford) for his help and suppori as co-organiser,
the Biochemical Society for their efficient organisation of the
Meeting and the education commitiees of the two societies who
generously funded ithe event. The papers presented during the
course of the afternoon will be published in the Biochemical
Society Transaciions.

John Patterson

Physiological Limitations of Human High
Intensity Exercise

On Wednesday 16 December 199Z, the day before the main
Scientific Meeting, a Teaching Symposium was held on the
Physiological Limitations of Human High Intensity Exercise.
‘The Meeting was organised by David Jones, Duncan Tumes and
Ron Maughan and atracted an audience of over 200 Members,
guests and visitors. There were three overseas speakers, Tony
Sargeant from Amsicedam, Hans Hoppeler from Bern and Neils
Secher from Copenhagen. The home speakers were Mary Neville
from Loughborough; David Jones and Duncan Tumer from
UCL, London; and Brian Whipp from St George’s, London.

Three of the speakers concentrated on maximum Sprinting or
cycling exercise in which power output falls rapidly 1o about
50% of 1he initial valwe by 30 seconds. Tony Sargeant discussed
the contribution different muscle fibre types could make when
exercising at dilfercat speeds with the interesting canclusion
that even at the highest speeds the slow type | fibres can make
a smail but useful contribution. Mary Neville presented some of
the work of herseif and colleagues an the changes in muscie
metabolites as revealed by heroic muscle biopsies aken beiore
and after single and muitipie bouls of sprinting. As lunch
approached and spirits flagged, David Jones addressed the
appropriate question of fatigue, asserting that the loss of power
during sprinting was not the result of loss of central drive but
could be ascribed 1o two factors in roughly equal part: loss of
isometric force generating capacity and a slowing of the
contraclile processes.

Fortified by lunch the audience gamely fought to stay awake to
hear Hans Hoppeler discuss the factors which limir oxygen
uptake in the tissues, the capillary density, myoglobin and mito-

chondrial content of the muscic fibres. This was followed by
Neils Secher, who wasconcerned mainly with the cardiovasculas
limitations but had an interesting diversion inte the meural
coatrol of respiration describing experiments with partially
curansed subjects who retained the function of the diaphragm
and showed a phase 1 response o the startof imaginary exercise.
For many years it has been pan of the dogma of exercise physio-
logy that the mechanics of the lung do not present any impediment
10 exercise. It was with great interest, therefore, that we heard
from Brian Whipp that this is not necessarily true and that wop
athieies exercising maximally may be woeking very close ic or
al the limits of their flow-volume curves. Finally, it jell o
Duncan Tumer 0 point out that there are many different forms
of exercise and that the limiling factors may well differ in each
circumstance. He also briefly mentioned the etfects of different
typesof training and the uncertain benefits of trining al alliude.

The Symposium began at 10.00 am and finished just before
6.00 pm, a long day, and it says a lot for the speakers especially
the lauter speakers, that most of the audience stayed to the bitler
end. In retrospect, the scope of the meeting was probably 100
large foranyone 1o ke home a simple message but the varicty
of wpics did have the advantage of introducing many people to
new aspects of the field,

‘This was the second Teaching Symposium organised by the
Human Physiology Interest Group; the previous one on Muscle
Fatigue was held in Aberdeen nearly three years ago. The
procecdings of the two Symposia are currently being organised
into a new Physiological Society study guide to be published by
Ponland Press lowards the end of the year and it is hoped that the
guide will prove valuable for anyone swanting to take an inierest
in human exercise physiology.

David Jones

Designated Sessions at the Leeds Meeting

GI Tract Group:

Leeds was a relatively small Meeting but then the first week of
anew term was always going 10 have an effect on attendance.
Nevertheless, a Posier session on Thursday provided rine
presentiations and, despite the intervening dinner and its usual
postprandiul effect, the GI Designaled Session on Friday was
a lively affair. In addition, a number of GI related Communi-
cations were submitted for the Autonomic Nervous Svsiem
Designated Session, iliustrating the overlap in some aspects of
the different Special Inerest Groups. Allin ail the Gl Tractmade
asignificant contribution o the flavour of the Meeting. This was
especially so since the 1992 GW Harris lecture was presented by
Graham Dockray. Graham focused on the gut endocring sysiem
andl specifically demonstrated how he and his colleagues in
Liverpool had dissected out the biochemical steps in gastrin
synthesis. Also discussed was the control of gastric acid secretion
by interactions between histamine and gastrin on the one hand
and somatestatin on the other. This example provided insight
into the gains to be achieved by the application of molecular
probes w whole animal physiology.

The Designated Communication and Posters were a mixed hag
and covered many aspects of GI function, including secretion,
mobility and absorption, plus & few others. It would be
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inappropriate to give details here. However, in answer to the
questions relating to the two papers on lung which appeared in
the GI session - mo it was not a mistake by the Meetings
Secretary and yes the absorption of dipeptides by the enierocyte
and preurnocyte have much in conmon.

David Grundy

Comparative and invertebrate Neuroscience Group

A select sudience aiicnded an inicresiing Designaied Session of
this Special Interest Group at the Leeds Meeting. Topicscoversd
ranged from the mysiery of “apopiosis” or programmed cell
death in the thoracic eclosion muscles (used to escape from the
pupal case) of ihe tseise fly, through the use of fivorescent intm-
cellular dyes 1o kill identified serotonergic neurcaes in the
cerebral ganglia (or their axons) Lo investigaie their role in the
feeding pattern gencratorof the pond snail, 10 the effects of halo-
thane on the postsynaptic actions of two neuropeptides common
tomollusca and mammals. Lymuaaea the pond snail also featured
inthe Demonstrations and Hlustrated Communications, including
a demonstration of a novel echnique for moniioring animal
movemenis without mechanical contact while simultaneously
impalmg selected neurones, to stady their effects on ihe feeding
CPG in a special chamber designed 10 mainiain precise conirol
of the water level during the addition of drugs.
A simple compuier program for analysing the shapes of action
potentials was also demonstrated, using sample APs from
physiologically characterised inveriehrale newrones. Special

thanks to Bill Winlow for his enthusiastic support of this
successful session.

A short business Meeting was held after the morning’s
Communications to discuss ideas and plans for the future.
Various suggestions were considered as to the possibility of
a change of te growp’s title or even a merger with another
groups, but in the event no particular changes in status or title
met with general approval. Given the potential overlap of
interests between the several “nearo-” Groups and the two
“comparative” Groups, however, Professor Peter Usherwood’s
suggestion thatthe convenors of these groups should get iogether
fordiscussions about their remit and plans for future Designated
Sessions was seen as well worth promoting.

Current plans for the Group’s activities in 1993 inciude a ore
day symposium on the “Comparative Physiology of Motor
Control” at the TUPS Congress in Glasgow on Thursday
5 August. Abstracts for Posicrs whose subject maserial is related
to this Group’s interests will be scheduled appropriately. A joint
Designated Session with the “Comparative Physiology” Special
Interest Group is proposed for the Southampton Meeting on
27-29 September (deadline for abstracts: 9 July).

Finally, congratulations to Dr Catherine R McCrobhan, who was
elected as the new Convenor of this Group. Future communi-
cations aboul its activitics should be addressed to her at the
Department of Physiological Sciences, University of Manchester,
Stopiord Building, Oxford Road, Manchester M13 9PT
fax (061) 273 5600.

Brian Bush

Regulation of sodium pumps in animal cells

Report on a Symposium held at the S; Andrews Mceting
(June 1992)

This Mecling was organised by J F Lamb (St Andrews) to mark
the twentieth anniversary of the first direct evidence for the
regulation of sodium pump density by {Na], work done in
St Andrews. These eatly experiments followed on from flux
measurcments in human heart cells and were made possible by
the availability of rntiated glycosides. These and later cxpeniments
showed that a rise in cell sodium lasung a few hours was
sufficient w upregulate the density of sodiam pumps in HeLa
cells and Girardi heart cells, and that both transcription and
tnslation were required for this 10 occur. Since then, much
evidence has accumulated about the effcrent pathway for
upregulation, but litle work has beea dene on the affercni
pathway. Most of the Mezung was devotad o the former.

Kathi Geering (Lausanne) and Alicia McDonoagh (USC,
California) described their work on the regulation which occurs
around the transiational level. They showed thal this regulation
was bothceli and ion specific, so that few general rales emerged.
One which did was that cither mRNA (@) or RNA () can be the
limiting factor for the number of functional pumps formed. The
o- or the B-subunits can be synthesised in excess, but when
uncombined are labile and degraded. When they join up to form
apump this stabilised unit thea moves to the plasma membrane.
From the plasma membrane the pumps arc mtermalised, as Cook
skowed some ten years ago.

Geering described the regulatory role of the B-subunit in Xenopus
00cyles. The S-subunit exists in three forms: B, and f, in mam-
maliankidney and brain respectively and 8, inoocytes. Previous
suggestions for their function range from a sort of adhesion
molecule to indirect modulation of pump activity. Geering
showed that in oocytes the association of the labile
a-subunits with a §, or f,-subnit imposes a stable configuration
on the o-subnit. This complex leaves the ER and expresses
funcrional pumps in the plasma membrane. This post-
transcriptional method of control seems (0 be important in the
cariy devclopmentof Xenopus cmbryos. During carly embryonic
stages there is an excessof the a-subunit with low concentrations
of §,-subunit. At morula stage 6 polyadenylation of mRNA ()
increases as well as the concentration of S-subunit, followed by
an upreg-ulation of Na - K-ATPase activity. Geering suggested
that the physiological significance of this is related to the need
to change the isoform composition of the sodium pump form o -
B, 0 a-B, 10 set up the first vectorial sodium wansport system
during blastococle formation.

McDonough, in a lively account of her recent experiments on
dissecting the control of pump synthesis at the ribosomal ievel,
showed that jons have cell-specific effects on mRNA (@ and )
and their corresponding subunits in cultured kidney (MDCK)
cells and rat proximal twbules low [K], which raises [Na],
increases mRNA and the subunii amounis for both a, and ..
Clausen had shown thai hypokalacmia in vivo reduced the
concentration of Na - K-ATPase in skeleial muscle both in man
and in rat; an effect which proiecis the plasma potassium
concentration falling oo far. McDonough now showed that this




effect in muscle and heart was on the @, subunit only, and noton
the @, and f, subunits. It is known that a chronic high salt diet
decreases renal NaCl reabsorption through a decrease in Na -
K-ATPase activity in the renal cortex; McDonough now showed
this occurred without uny decrease in the a-subunit abundance,
but there was a fall in Sthat paralicled the fall in Na - K-ATPase
activity. So the concentrations of [ may be a better predictor of
functional sodium pumps in the kidney.

Torben Clausen (Aarhus) described early and recent work on the
regulation of the Na-K pumps in skeletal muscle. The activity of
the pumps can be increased by up 10 120 % within minutes by
insulin, catecholamines, and caicitonin gene related peptide
(CGRP). These actions counteract the effects of exercise on
reicasing poiassium from ihe muscle. S0 CGRP may be 4 local
regulator of pump activity during exercise. During fasiing,
poiassium deficiency, hypothyroidism, unireaied diabeles, and
following hypophyseciomy, the concentration of Na-K pumps
in muscle decreases. Muscle inactivily decreases and training
increases the concentration of Na-K pumps in mascle. This may
explain the observation that training reduces exercise-induced
hyperkalaemia. Edelman had shown that the major factor
regulating the concentration of sodium pumps in skeletal muscle
was thyroid hormone. Clausen now showed that thyroid, both in
rats and man, varied the pump concentration in muscle in vivo
over the rage of 100-1000 pmol (g wei wt)'.

‘The later sessions, chaired by R Oliver (Dundee), were largely
devoted to clinical aspects of sodium pump regulation. Erland
Erdmann (Munich) described his work on the role of the sodium
pump in the human heart. In the failing heart, cyclic AMP-
dependent inotropic effects are reduced, possibly due o
a decrease in the number of S-adrenoceptors, as well as a
reduced concentration of cAMP. Evdmann concluded that the
effects of cardiac glycosides are greater in the failing compared
with the normal human heart, aithough the §-adrenoceptors are
downregulated in the hean failure. The increased effectiveness
may be due to a change in the receptor-effector coupling or to
increased sensitivity 10 ionic changes. Another beneficial effect
may be in enhancing contraction coupling or the handling of
calcium.

Jeff Aronson (Oxford) described his group’s work on the
regulation of sodium pumps in human lymphocytes and EB-
virus transformed lymphocytes. Transformation of normal
lymphocytes leads toa 10- 1o 20-fold increase in the number of
membrane sodium pumps to values of around half a million per
cell, valwes similar 1o those incultured human cells. The reasons
and mechanism for this are unknown, In these cells, as in others,
they found that treatment with bow |K] initally increases the
V. . of Rbuptake. Over the next three days, the cells respond by
also increasing the B___ of ouahain binding. Monensin treaiment
camses similar effects, consistent with the idea that the stimulus
for upregulation is a rise in cell sodivm. Similar experiments
using Li to produce upregulation, An importantobservation was
that there were differences in the pattemn of upregulation due to
Tithium and low |K] , suggesting that these two stimuli mediated
upregulation of the sodium pump by different mechanisms.

Kjell Kjeldsen (Copenhagen) described work testing the
hypothesis proposed by Lamb that digitalis glycosides migit
increase the concentration of Na - K-A'TPase enzyme in the
piasma membrane of human myocardium, thereby reducing the
inotropic effect of long-term digitalis therapy. Using samples of
left ventricularm yocardium from humans obtained post-maorem
as well as during heant transplantation and tritiated glycoside

binding his group found that patients who had been on long term
digitalis therapy had around a third of their receptors occupeed
by giycoside. When this was washed off, the 1ial pump density
was significanlly lower in the digialised group as compared
with caontrols. Skeletal muscle glycoside receplors were found
o show changes that mirror those found in the heart. From this,
they conclude that in human heart and skeletal muscle there is
no evidence for upregulation above control level of digitalis
glycoside recepeor concentration and thus at recepior level no
evidence for development of wolerance in response o long term
digitalis therapy.

The Mesting was supported most generously by grants from The
Physiological Socicty, the British Heart Foundation and Pfizer
Centrai Research.

Joe Lamb
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Views

FOCUS ON PHYSIOLOGY AND THE MEDIA

(Articles in this section were commissioned by Saffron Whitehead)

Hitting the Headlines (Science and the media)

Science and the media - so what? Sensationalism in the tabloids,
misrepresentation or perfect documentation” To be precise, all
of this and more. But, as physiologists, do you fear or love the
media?

You may personally fear it because of a concern that all
journalists are owt for the spectacular story. For example, a
physiologist may make a simple but astute observation. Discase
X is linked with abnommal Y sceretions. The media get hold of
the story and to make it newsworthy it is packaged under the
headline “Hope for X sufferers - new discoveries herald a cure”.
Scientific credibility may be discredited. One’s mistrust of the
meddia is confirmed.

On the other hand, most people love atention and it can be both
flatiering and irvesistible if the press consider one’s scieatific
endeavours 10 be of interest 1o 3 far wider audience than the
reprind collectors, readers of dusty journals and members of
obscure leamed societies. So we may sit in a Catch-22 situation
- wanting 1o feed the media while fearing their response and
imerpretation.

As a physiologist and a (very) pari-time freelance joumalist,
I have scen both sides of the coin. The respeciable media - and
I emphasise respectable - want good, scieatifically sound stories
with a backdrop of gencral interest. A new discovery may make
a subject newsworthy but a new discovery does not necessarily
make news. For instance, you may have discovered 2 mew
potassium channel but if it can only be related, ai the 1ime, to the
peristaliic function of the gut then it has liule inieresi to the city
commuter on Network South East. On the other hand, if you had
discovered a relationship between a chioride channel and cystic
fibrosis then the article could be writien in the framework of the
disease. A subject of much wider public interest than gut peri-
stalsis, even though they boih have a common theme of ion
channels. Thus it is essential o be able 1o identify science that
is newsworthy and of concern ar curiosity to the general public.

Al the same time as feeding editors with ideas (some will
inevitably be rejected), joumalists must seek out the people who
can provide them with first hand knowledge of the facts
surrounding (he story. Scientists rarely refuse to impart their
experuse - the compliment cutwins any doubt or cantion with
which they view the media. But one of the real rifts between
scicntists and journalists comes in the definitive versus the
tentative interpretation of resalls. Scientists kve such terms as
“this suggests thar”, “the results imply”, “observations support”
and “may have a physiological role”. Phrases unacceptable toan
editor of a newspaper. They want afticles io be positive, no

wishy washyif-ing and but-ing. Let’s face il, astory. Anup front
problem, the background to the siory, the new discovery and a
positive conclusion. Scientists are always concerned thai the
more definitive approach 10 reporting will be viewed as false
claims. Rightly so, but is press coverage betier than none?

Unfortunately, not everyone’s research is necessarily of media
material, but there is a kol one couid and should try to publicise.
As scientists we will not get support from the general public
unless we promote ourselves. One way is through the media.
The days of closed inteliectual ivory lowers are gone.

And those fearsof sensationalism are largely unfounded provided
the right outlets are chasen. In my expenence, most specialised
science and health edilors or correspondeats are extremely
perceptive and scieatifically literate people. Even if they don’t
have a string of letters after their name (many do), they know
their joband responsibility wwards correct and accurale reporting
to the general public.

A few scientists actively seek media coverage. Others may live
in hope. Most agree that science is poorly represented in the
media. Most of us do nothing about it. So, we have asked
scientists with media expericnce, public relations officers who
try and bridge the gaps and those who translate science into
news 10 give us their views, their advice and their experiise.

In this issue of the Magazine Colin Blakemore shares his
expencnces in dealing with the media; and Barbara Davics, the
Public Relations Manager of the Research Defence Socicty,
explains the ways in which physiologists can channel their work
into the public eye. Geoff Watts from BBC Radio 4 iells us how
scientisis are indoctrinated by the tyranny of the scientific
paper; and [inally we present an example of how an abstract of
scientific work can be re-writien s0 as 10 make itmore accessible
to a wider audience. In the next issue of the Magazine Pat
McCarthy from the Public Relations Unit of the University of
London gives & DOs and DON'Ts guide to interviews with the
media, Nigel Williams, former Science Editor of The Guardian,
airs his views on science reporting and there will be two arucles
about COPUS - the Commitiee on the Public Understanding of
Science.

In this series of commentaries you wiil find much common
ground but w bring home the salient messages there has been no
major editing of the submissions. Thal being said, we thank
everyone for their contributions and hope that the articles may
prompt some readers 1o launch their science toward the media
as well as the scientific journals.

Saffron Whitehead
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Learning to live with the media

Asthey are inexorably emasculated by Her Majesty’s govemment
in the name of competition and accountability, the positive
features of the posi-war reform of British universities become
ever clearer - decent student grants, the dual-support system,
concern for the standards of waching, adequate provision for
research. But the respect for academic values that underpinned
the policies of the 1950s and 1960s created one unfortunate
sequela: science became oo remote, unwilling to communicate
itsamms and achievements toordinary people. The independence
and freedom that we gained encouraged us 1o believe tha our
own peers are the only audience worth addressing.

Owr self-isolation has stirred suspicions and resentments about
science among ordinary people and politicians (who, inthe end,
pay for the science that we do). Although the rewards for being
willing o alk and cxpiain science 10 noa-scienlists are not as
immediaie as publishing a research paper or securing a grant,
they are uliimaiely as imporiant for the good of science 25 a
whole.

The undeniable success of he anti-vivisectionist movement
over the past 20 years is a vivid example of the consequences of
academic disdain of public scristiny. s progress, despite the
weakness of its case, is undoubeedly due in pan 1o the failure of
the academic community 1o think the distortions and
misrepresentations worthy of open respanse. The criminal fringe
who resart to bombs and burming and to the “liberation” of
laboratory animals are a source of emotional agony and fear o
researchers and their institutions. But the greatest threat 10
research comes from the poassibility that the propaganda of this
vociferous movement will capturs the mood of public opinion,
which will then work its democratic magic on the policies of
political parties and, through the ballot box, convert the will of
a lobbying minority into restrictive legislation. The fight for
public support is crucial.

‘The animal rights issue is the tip of an iceberg of anti-science.
Inmy view, this kind of challenge to science is borm out of the
scientific ignorance of most of the public, who recognisc thai
science is powerful but who, because they don’t understand it,
are afraid of 1t and are easily convinced that all the woes of the
world are the prodects of the unfettered application of science.
We shall not dispel such fears by remaining aloof from commun-
ication and debate. We have an obligation 10 respond to the
legitimate demands for information and explanation from the
public that supports science through its taxes, its purchases and
its donations.

Between those who oppose science and the public stand the
media. Between the scientists and the public stand the media. If
we are to succeed in the defence of our reputation and our right
to continue, we must deal effectively with the media.

Noteveryone has the inclination 1o broadcast, write for the press
or work with the media. But any scientist should at least be ready
and able to give a straightiorward account of his or her research
in ordinary language. The ability 0 communicate simply and
cffectively is surely one of the most valuabie lessons that we
should leamn as we struggle o defend science, the universities
and the need for animal experimentation. That means learning
the conventions of mass communication and respecting the
rights, needs and prionitics of the media.
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Some suggestions

Dealing with the media involves ceriain conveniions and some
simple skills. Firsi a few suggestions for talking or writing about
science.

Keep it simpie; keep it short

Wasn't it Einstein who said that everything should be made as
simple as possible - but no simpler! You must respect the
ineelligence but the inevitable ignorance of your audience. As
you write of speak, ask yourself constantly whether your words

would be understood by some sensible bat nos-scientific
colleague or relative.

No compromises. I you can’t eaplain some erudile poing
concisely, don’t try. Just bridge the gap in your argument with
a joke about the complexities of science or an appeal 1o the need
for brevity. Meiaphors, particularly humorous ones, can be very
heipiul when describing absiruse facis or mechanisms. So ©o
arc references to the relevance of science to normal life. Even
quantam mechanics, superconductivity and the sodiam pump
have everyday consequences.

Any radic or television producer will tell you in his or her more
candid moments that audicnces remember no more than two or
three facts from any programme - cven a substantial and well-
planned documentary such as Horizon. What viewers and
listences do remember is enthusiasm and the sense of commit-
ment Nothing kills a picce of science broadcasting or journalism
more completely than infectious boredom. If you don't look and
sound exciled by your research you can’t hiame your audience
for thinking it dull. Never forget that the primary objective of
public broadcastng is 1o entertain, not 10 teach or intimidais.

Respecs the media; expect them to respect you

Most people confronied by an enquiry from the media bui
unfamiliar with their methods suspect that their iniention is
always to trap their victims and dislort their opinions. This kind
of misrepresentation does occur, but in my experience it is oficn
as much a product of suspicious or uncooperative behaviowr by
the interviewee as of malicious intent by the imerviewer. You
cannot expect ko be treated well by the media if you are arrogant
to them, refuse to make yourself availabie to them or show
yoursclf unable or unwilling to respond honestly to their
questions.

There is no doude that the best possible way to deal with the
media is to gain their wust hefore any problem anses. In my
experience, newspapers and broadcasters are delighted, even
flattered, to be approached by active scientists. Try to make
contact with your local newspaper and radio station. Let them
know that you are willing to advise of comment 0a issues
relating 1o your area of science. Go and visit them and get 1o
know their staff persosally.

You shouid try to leam about the methods and needs of the
media - nol only how 10 use # microphone or look al a camera,
but how o answer questions succinctly and incisively. The
techniques of modern broadcasting, for instance, demand that
most recorded comments during news balletins Jast no longer
than about 40 seconds. Successful politicians have 1o master the
ari of the “sound bile” and so does anyone else who wishes 1o
utilise the media to his orher advaniage. Never lose your iemper,
even if you are subjecied 10 outrageous abuse. Nothing is move
convincing o the audience than someene who stays calm and
heaest in the face of vilification.




You must respect the absoiute deadlines to which the media are
chained. Daily newspapers and news broadcasts in particular
operale to precise time schedules. If you promise a writlen
contribution or an interview to the media, you must understand
these time constraints and be willing to work within them. Also,
be prepared 1o spend suificient time to do justice 10 your views
and 1o the professional standards of the media. A few lines ina
newspaper article or a few seconds in a wlevision news pro-
gramme may needd hours of prefliminary discussion and recording.

On the other hand, you have every right to expect the media to
respect you. If youfind yourself being harangued or manipulated
during an interview, simply compiain calmly while the tape
recorder or camera is operating. If you feel that you have not
answered a question properly or that the direction of an interview
or discussion is gaing in an inappropriate, misleading direction,
you should also feel free to say so directly, to ask for the
recording to be stopped and to discuss the problem “off the
record” before resumang, Don’t be afraid todirect the conversation
in the direction that you wish it to take.

As a voluntary contributor, you always have the right 1o ask to
inspect any article or broadcasi (or ai least your guotations or
centributions) before it is released and to have your contribuiion
excised or modified if you are not satisfied with the way you
have been treated. Your interviewer or producer may object, on
the grounds of editarial freedom or time constrainis; but the fact
is that vou can always refuse 1o contribuie unless you are given
this privilege, if you feel that it is important. However, you
should insist on this arrangement only if you are genuinely
worned about the possibility of misrepresentation; and you
should not ask for trivial changes in the final material. If you
wish 10 ask for this right, you must do so before you arrange 1o
be interviewed, not after the event. Many journalists will actuaily
welcome an offer from you to look over an article in draft form
SO as 1o pick up any factual errors. Remember that you musi
respond quickly when given this opportunity because of the
inevitable deadlines.

The techniques, rights and ruies for live broadcasting are, of
course, rather different from those for written articies and
recorded broadcasis. Butthe general advice lokeep your temper,
to be willing to admitignorance and o challenge the qualifications
of your opponents (soe below) still apply.

Be prepared

Unfortunatcly, encounters with the media are sometimes hostile.
Youmay find yourself called 1o account for the financial cost of
your area of research or to say why Briiain shouidn’t leave
rescarch toricher and more profligate nations. And youmay find
yourself defending animal experimentation, perhaps even as the
victim of an anti-vivisectionist campaign.

IT you face a personal campaign, Or i reporter’s inderrogation, it
may come with litde waming. It is essential to have your
knowiedge and your arguments rehearsed in advance. Even
more important, any scientist who uses animals should be secure
in his or her own moral position. If you cannot defend your
research w yourself, you will not be able 10 justify it o others.
If you supervise the research of students and echnicians, you
have aresponsibility 10 make them aware not only of the specific
issue of animal use but also of their essential role as servants of
society. Ask them 1 be prepared, al any Lime, © give a brief
account in simple language of what they are doing and why.
Practise such presentations together in laboratory mectings.

Always be absolutely honest

1f media people are good at anything it is smelling a rat. If you
avoid questions or are shifty in your replies, you will suffer the
same fate as politicians or cniminals who behave that way: the
media will hound you. No-one should be doing research that
they are embarrassed 10 describe 10 an ordinary person. Unless
you liserally have something to hide, you must be prepared 10
respond to questions aboat your own work. You must, of course,
be aware of the sensitivitics of 3 mass audience. They will not
know technical jargon; they will not take for granted the
importance of basic rescarch; they will be shocked by tacdess
description of experimental methods {just as they are shocked
by the reality of what goes on in a hospital operating theatre).
Keep all these things in mind as you consider how you would
describe your work 1o others.

Honesty exicnds to admitting ignorance. Don't be iempied (o
range beyond your areas of knowledge and authority and hence
to be trapped into defeading work thai you know little about. By
all means ry o inform yourself about other areas of research and
aboul the general issues that are likely o be raised in an
interview. If the discussion is about animal experimeniation the
excellent literature distributed by the Research Deience Society,
and by other organizations that the RDS can put you in touch
with, can help enormously. If you don’t know aboui a pariicular
topic or don’t feel qualified to comment on it, say so. But don’t
be so cautious and narrow that you end up sounding ignorant or
critical of ¢everyone’s work but your own,

Be carcful 1o state where your opinion is given as an cxpert ina
particular field and where (if you give it) it is given as a layman.
(As an exercise in defining this distinction, imagine how you
would respond 1o questions about cosmetics testing, research on
pain in animals, blood sports, zoos and modern inknsive
techniques for farm animal husbandry).

The need for honesty also extends to the way in which you treat
your opponents. Much as they may infuriate and frustraic you,
youwill gain nothing (except perhaps a summaons for defamation)
if you make false or exaggerated statements about them or their
views. Inform yourself abowt the laws of libel and slander, in
case you find yoursell grossly defamed, and don’t be afraid io
criticise distortion or lics.

Don't be afraid io invoke authority

Whale modesty is a guality attractive to the media and mass
audicnces, don’t feel forced w be deferential to cither reponers
or crites of your work. If discussion becomes a matter of simple
opposed assertions, don't hesitate 10 question the authority of
your opponend. Ask what training they have in science and
particularly what experience and knowledge they have of modemn
biology. If the discussion concems animal experimentation,
point out the stature of the groups and individuals who have
supported public declarations on research involving animals:
the British Association Declaration on Animals in Medical
Rescarch has been signed by 1000 Professors of Science and
Medicine, by 31 Nobel Prize Winners and on behalf of all the
Royal Medical Colleges.

Most of all, enjoy yoursell. Despite some horrific encounters
and some dinty tricks, | have found contact with the media, on
balance, a pleasant and stimulating experience. Some of the
brightest peopie [ know work in the media and most have pride
in their work and a sensc of creation just as strong as those of
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academic scientists. They have an important job to do and, if we
co-operale with them and respect their needs, they will be the
best allies we could have.

Colin Blakemore

Some sections of this srticle are taken from “Neuroscience und the
media: the need for communication” Newroscience |993 (in press).

Getting Media Coverage

Does science get a good press? Yes and no. Some popular
repocting of science is good, sensible, straightforward stoif,
perhaps with added human interest or a topical angie. But the
media thrives on scandal, sensation and, more than anything,
bad news. A whiff of controversy about any scicntific topic will
thus be grasped with gles by journalists. The more sensational
reparts are invariably written by an ordinary news reporier and
the shock horror headline is thought up by a sub editor: they may
not even have a science “O” level between them. The original
source of the ssory is often not sciemists themselves, buta person
ar group with an opposing vested interess, perhaps a disaffecied
employee Or @ pressure group.

The result, it seems, is a backlash agamst science. Abandon
science and retum 1o nature, these stories tell us, and the world
will be a healthier place. After all, was it not chemists who gave
us pollution, physicists who produced the nuclear bomb, don’t
biologists wrture animals, and why haven’t the medics found a
cure for cancer? This anti-science feeling has recently been
raised to a slightly more intellectual level with the publication of
a couple of books which claim that science somehow damages
our spirituality and humanity. Thisis the “‘science versusreligion”
debale in a pew virulent form.

So how can scientists or, more pariicularly, physiologists work
with the media 10 improve the public undersianding of science?
How can we slow the “science as scapegoat” bandwagon and
increase the good, informed reporiing of scicniific issues?
Journalists are not anti-scicnce or scientisis, they just know what
makes a good story: usually bad news. But surveys show that the
public is interesied in science, 5o it should be possible, through
the media, 10 excite people about a new advance in physiology
or medicine, a line of research related 10 atopical issue, even the
opening of a new research laboratory.

Of coarse there are many different types of media, from The Swa
1o New Scientist, from The Big Breakfast to Horizon or Science
Now. It helps if you know how they approach their subject
mauer - by reading the newspapers, lisiening 1o news and
currentallaars programmes, walching Equinoxand Tomorrow’ s
World. You have to put yourself in their shoes and ask why their
readers, listencrs or viewers would be interested, why your
subject is important, whether it is topical, whether you are
prepared to be challenged if it is controversial,

Let’s take a hypotheiical case. Your paper on the action of
specific monocional antibodics against T-lymphocyies inchronic
relapsing experimental allergic encephalomyelitis is 1o be pub-
lished in a fortnight in The Journa! of Physiology. You believe
that joumalists will find ihis work is newsworthy: it holds
promise for an effective reatment for multiple sclerosis before
the cad of the ceniury. What can you do o achieve wider

publicity? You could of course sit back in the belwef that a
perceptive newspaper journalist will pick up The Journal of
Physiology intwo weeks' time, read your paper and realise how
significant your work could be for sufferers of muluple sclerosis.

You would be disappointed. Journalists, cven science and
medical correspondents, work Lo tight deadlines (they are forever
lecturing PR executives about how busy they are). They do not
have time o read the scientific literature and, being generalists,
they are unlikely to pick out significant rescarch papers by
scanning their titkes. Your work will not get publicity just
because it deserves it. You have 1o heip.

Whether you are communicating with The Sun or with New
Scienuist, there arc a few basic factors 10 bear in mind. With very
rare exceptions, news items are written by journalists on the
magazine, paper of programme. Longer features are ofien by
freelance contributorsand most publications have their favoariie
freelancers - you will see their byline perhaps once a month. 50
you will have 10 rely on a journalist W write abowt your The
Jowrnal of Physiology paper and to get the facts and implications
night. It will help if you start by writing a short, simple summary
of your work and its significance for MS patients. This needs 1o
be about 400-500 words, written in the style of & news item. it
should begin by ¢ncapsulating the mam features, in other words
it should begin with the conclusion. Tell the story using simple
words {no jargon, bat try mot to patronise) and short sentences.
‘When you think vou have succeeded, testiton a 14 year old and
then start again,

‘This short, simple summary is the basis of the press release, but
it is also useful because you have now clarified the most
effective way, in your view, of presenting this slory in a “user
friendly” way o the general public.

S0 you now have ea days before your paper is duc out in The
Journal of Physiology. What is your nextsiep? You arc bascd at
Hasch End University, your work is funded by ARMS (Action
for Research for Multiple Sclerosis) and SMERC (Science,
Medical and Engincening Research Council). You are a Member
of The Physiclogical Society and the Research Defence Society.
Al fcast onc of dhese organisations will have a publicity
department and you should now contact them. Your PR or
information expert will have the benefit of your summary
written in jargon-free language and will be able to assess its
news potential. Take their advice. If they think your siory looks
promising you will be able 10 work together to try 10 get news
coverage.

Vanous questions arise ai this stage. Timing is importani.
Ideally, you should rekease the news o coincide with the
publication of your rescarch paper in The Jowrnai of Physiology.
This means informing the newspapers one or two days in
advance of the Jownal' s publication date, but placing an embargo
on the story so it does not appear hefore the Journal. Apart from
The Journal of Physiclogy’s publication date, have you
coasidered other events? There is little point in releasing your
slory o the press if there are other events of scieniific or medical
importance which will lake precedence. You may not have
much conirol here: if a major icaching hospital announces its
closure on the same day, then say goodbye lo any news coverage
of your research. But some evenis are known about well in
advance. If your research paper is published during ihe week of
the British Association Science Festival, all the journalists you
wani 10 contact will be busy covering ihe BA. You will have ic
think again about timing.
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What is the best way of releasing the news? A press release can
work well if it is shart, well writien, has an informative title (no
need to atlempe headline siyle - the newspaper sub editoes
always write their own headlines) and a name and telephonc
number to coatact for further information. Yoa could invike
Journalists 1o a press conference, bat remember how busy the
Journalists are - they need to believe this is a story of some
significance if they are goilg 1o attend.

Have you thought about pictures? Can you find an MS paticat
who would be willing 10 be photographed by newspaper

All these questions should be settled by about a week before the
publication of yoar paper in The Jowrnal of Physiology. In
another coupleof days, your pressrelease or press invitation will
have been polished, you will have alistof journalists’ names and
addresses. The journalists will want all the information the day
before The Journal of Physiology’s publication date, so that
their news item can be published on the same day.

There is no guaraniee that your story will appear in the
newspapers. Space is light and there are competing staries. If it
does appear, do not expect it 1o be in exactly the same form as

PRESS RELEASE
EMBARGO UNTIL 00.01 HRS 7 DECEMBER 1992

“EPIC” WINS TOP BIOLOGY TEACHING AWARD

The 1992 Glaxo Prize for Biology for Pharmacology and
Mecdicine isawarded to DrR H S Carpenter for development
of EPIC Experimental Physiology Instrumentation Computer.
The Glaxo Prize is one of the fourth annual Partnership
Awards, aprestigious national cvent designed to promote and
rewird mnovation and creativity among teachers of Higher
Education (HE). The awards are organised by the educational
charity The Partnership Trust, and are all by major
companics. Speaker at the winners’ reception will be Sir Ron
Dearing, Chairman of the HE Council for England.

In awarding the Glaxo Prize, the assessors loaked for innovative
teaching methods which meet the nead for more efficient and
effective learning in the biological sciences, and for well organised
interaction with industry which helps woreflect the rapxdly changmg
body of content &nd lechsigue.

EPIC has been developed by Dr Carpenter of the Physiologicsl Laboratory Cambridge University in close conjumction with Cambridge
Research Systems Ltd, a company specialising in high-techmology computerised solutions for the biosciences.

EPIC provides not oniy datla scquisition and stimulation but also versatle daw display, analysis and sicrage, and performs & wide range of
experiments in human physiology. pharmacology, 20ology and related subjects. On-screen laboratlory notes guide the stadent, and software
options which are not relevant © the currest experiment are hidden, snsuring that the techrology enhasces rather than disracs from
undersianding of biological principies.

Commenting onthe awasd, the assessors said: "EPIC”... replaces the wradstional labour-intenai ve macthods of recording information from physiological
preparations... It allows e student lo carry oul physiological experiments and develop manipulative and anal yaical skills... [t allows & greases degree
af independence and thus reduces the supesvizion required during practical classes.”

EPIC is now in iis second year of use with undergraduates at the Physiological Laboratory, where it has been received with acclaim by both teaching
staff and studesis. Several other UK wmiversites have already installed EPIC, and Dr Carpesner and Cambeidge Reacusch Systams are commiiied ©
contizued development of the sysiem in line with the noedds of the academec communaty.

For further information, please contact: Carel Luscombe, Mamsger, Baoscionce Division, Cambridge Rescarch Sysems Lid, 80 Riverside Esisie, Sir Thomas
Loagley Road, Rochestor, Keat M2 48U, tel: (0632) 720707, 1ax (0634) 720719.

Note to Editors:

The unnual Partnership Awards identifly examples of innovation and development throughout higher education. They cover a wide range of
scademic disciplines and each is sponsored by a major UK company. In 1992, twenty-two separaic swards will be made. The reception for
the wirmers will be held at the Institute of Directors on 7 December 1992 and will be atiended by company heads and leading figures from

education and ndustry. The speaker will be Sir Roa Dearing, Chairmman of the HE Council for England.

photographers? A good picture will add human interest and may
cven help 1o get the story ino the newspaper. Piciorial inicrest
is essential for television coverage.

Last but not least is the question of targeting. Many people arc
surprised o discover that journalists working for the same paper
do not talk to each other. Do not address your press release or
press conference invitation to the editor hoping that it will be
passed around unl it reaches the appropriate journalist. Your
research is of interest o science and/or medical correspondents.
Send them each a copy and address it w0 them by name. Don't
forget the Press Association, a particularly valueble source of
copy for the regional dailies.

written in the press release. [t will certainly be edited in some
way: itmay be compleicly rewritien, it can be shortened or itcan
be commented on by other experts in your ficld. Many journalists
have favoured experts whom they contact © find owt if a
poiential story is as significant as the source claims: this is onc
reason why you should not use hype. The journalist may contact
you for further information, to check a particular fact or for a
direct quotation. You should be prepared and availabie.

Sothe Queen abdicated and there was no coverage of your story.
All is not Jost. There are other routes which you can follow up
with your PR adviscr. What about the next New Scientist, the
next Science Now or Tomarrow’s World programma? Perhaps
you can interest a freclance jounalist in a feature anicle for a
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newspaper or magazine. Perhaps you can {ind a topical angle
during a slack period for news, such as Chrisunas or the summer
parliamentary recess.

Successful or not on this occasion, your effort to communicate
your research 10 8 wider public has probably been a stimulating
experience. You may want to do more, and there are a vaniety of
options open o you. As reportesd in the July 92 issue of the
Physiological Society Newsletter, the Committee on the Public
Understanding of Science (COPUS) is considering seiting up a
media resource service, comprising a database of scientists in all
dizciplines willing 1o talk to journalists. You could perhaps join
a school speakers’ scheme such as Talking Point, or volunieer

your services (o Lalk 1o other groups such as Women’s Institutes,
Rotary Clubs etc. COPUS also invites applications for Media
Fellowships which allow scientists to take up secondments in
the prini or broadcast media.

A Royal Society report in 1985 saad, “It is clearly pant of each
scientist’s professional responsibility o promote the public
understanding of science”. This responsibility must include
bringing the same professional attitudes 0 communicating
science as the scientist brings 1o science iself.

(Research Defence Society)

The Tyranny of the Scientific Paper

Some thoughts on science broadcasting. 5o, how should
[begin,..?

“A request was received asking for a coniribution to The
Physiclogical Society Magazine. It was considered, and a
positive conclusion was reached. The Editor was phored and
advised of this decision.”

In truth, if | were to begin like this, and then contine in the same
vein, I doubi that anyone would read far beyond those ihree
seniences. So, an alicrmative: “The Editor asked me io coniribuie
to The Physioiogical Society Magazine. | thought abow it,
decided I woudd, and phkoned 10 say so.” Much better. But what
pointam I trying to make? Afterali, you may say, nobody woulkd
aciuaily writc in the way I phrased that first versicn; and
certainly nobody would speak like that...

Ne? Well, perhaps this will seem more familiar: “The cellswere
placed in the 1esi tube. Three mls of the first solution were placed
in the test tube. Three mis of the first solwion were added, and
the tube was shaken briskly. A distinct colour ckange was then
obseryved.”

But people - scientists - don’t speak like that, you may insisL
‘Well, after some 15 years spent listening 10 them through the
microphone, I'm here 10 assure you that they de. Not when
talking about the weather, or last weekend’s golf, or the price of
womaioes; just when they're talking abowt science. This bizame
syntax, this sicrile, mind-numbing use of the passive voice is the
bane of my life as a broadcasier.

It was Peter Miedawar who pointed out that the scientific paper,
with its neatly compartmentalised sections on “method”,
“results”, “‘discussion” and the rest of them, is a fraud. The
pructice of science, he argued, is allogether less udy, less
systematic that the published paper would suggest. The
conventions by which scientists report their work 10 2ach other
may or may not be sensible; that is not my concem. What upsets
me is the tyrannical graspir which the scientific paper coatinues
to hold so many scientists when they are trying (o communicase
not with their peers, but with an audience unaccusiomed to the
ways of academics. Such stilted expeession renders even simple
procedures or ideas hasder 1o follow or, worse, incomprehensible.

‘This may be the most irying fauit of scientists as broadcasiers
but it is not, I fear, their oniy onc. Another is their 100 froguent
failure to consder the nature of the audicnce, and the purpose for
which they are talking or being intcrviewed. They are not

supposed to be speaking to their fellow scientists; the undotied
scientific “i” and the uncrossed techmical “t” are of no
consequence provided the central ideas and essential caveals are
put across. What Dr Snooks in the next lab would like to hear
doesn’t matter; other channels of communication exist to keep
Dr Snooks informed.

Nordoes simplification spell automatic wrivialisation. To ssmplify
is to isolatc and express the essence of an idea or a new
development. In writing a report for Natwre or The Lancer, you
are writing for a readership who noed enough detail w be able 10
replicate the work for themselves. Radio 4 Nsteners have no
wish totest your methods; excessive detail ismerelyadistraction
from the main thrust of what is being said.

Science is always cautious, provisional, reluctant to ¢laim more
than can be demonstrated. Good science broadcasting can and
should reflect these virtues. But there is no need to make a meal
of it. Small but useful words suchas“might”, “maybe”,“ perhaps”,
and “could” serve quite well to indicate that what is being talked
of shouldn’t (yet) be tken as ultimate truth.

And then - the biggest problem because it's an unavoidable one
- there’s terminology. There is no need 19 say “thorax” when
“chest” would do; or “femur” when you could say “thigh bone™.
A mitochondrion, on the other hand, is a mitochondnon; there
is no everyday term for il So if you really need 10 refer o this
organelle, do so. But then add a quick explanation; something
simpiec and memorsbie - powerhouse of the cell, source of
energy for the cell, or whatever.

Finally, don’t 2o 10 the other extreme and start displaying what
Icall the “germs and tummy” syndrome. If youmean bacteria or
viruses, say so. These words are not unfamiliar, and towalk all the
ume of “germs” is to patronise the audience. This is among the
worstof all crimes. The BBC Radio Science Unithas occasionally
received leters from Rudio 3 lisieners who feel cheated if they
can understand every portion of the programmes they hear,
They reason, so far as 1 can tell, that if as lay people they can
grasp everything said by the scientists they’re listening to, then
they can’t be hearing about work at the cutting edge of science.
Such work, almost by definition, wouldn’t be comprebensible -
or so they believe.

Obviously, nobody wants to be utterly at sea; but for some
iisteners, apparently, to feel that the discussion is sometimes
drifting a little beyond their grasp is somehow flatering! No-
one ever, on the other hand, finds it fatering 10 be pavonised.

Geoff Waits
{Presenter of “Medicine Now”, BBC Radio 4)




Iincreasing the accessibility of an abstract - the first steps in an experiment

1) The abstract of this year’s Wellcome Prize Lecture
written for an audience of physiologists

Rods and cones, the light sensitive photoreceptors of the
veriebrate retina, are well known to adjust their sensitivity in
respoase tochanges in steady light intensity, a process known as
light adaptation. As the steady light intensily increases, the
response (o u dim fash of light becomes both smaller and faster
as the cell adapts. Such light adaptation is important in ensuring
that pholoreceplors can operate over a wide range of light
intensities. In addition, exposure of a photoreceptor to very
bright light results in a profound decrease in sensitivity and
speeding of the response which persists thereafter in darkness,
an effect known as bleaching adaptation.

In recent years several lines of evidence from a number of
laboratories have shown that the conceatration of calcium ions
within the photarecepior cytoplasm plays a crucial role in light
adaplation. Cytoplasmic calcium concentration is known to be
controlled by a halance between the rates at which calcium ons
enter and leave the photorecepior. In darkness, a steady ionic
current, partly carried by calcium ions, flows inio the
photorecepior across the membrane of the owler segment, the
region of the cell specialised to respond 10 light. These calcium
ions which enter the cell are pumped out agan, resulting in a
stable concentration of calcium within the cell in darkness.
Photoreceptors respond 1o light with a decrease in this inward-
flowing current, thereby reducing the rate at which calcium ioas
enter. But calcium continues for atime to be pumped out, and so
the cytoplasmic calcium concentration falls during illumination.

The role of this light-induced fall in caicium concentration has
been studied by attempting 10 slop it from wking piace and
examining the effect on the elecirical response of the
photoreceptor to light. If changes in calcium concentration are
oppesed by incorporaling inlo the photoreceptor cytoplasm a
subsiance which binds calcium, and thus acts as a caiciam
“buffer”, then the onsel of light adapiation is siowed also. If the
lightinduced fall in calcium concentration is prevented aliogeiher
by using external sclution changes to abolish simultancously
both calcium influx and efflux, thereby disabling themechanism
which normally controls cytoplasmic calcium concentration,
then all the manifestations of light adaptation are abolished, and
the photorecepror responds over oaly a very narrow range of
light intensities. Such changes in cytoplasmic calcium con-
centration therefore appear 10 be necessary for light adaptation
to take place. Furthcrmare, if the cytoplasmic calcium
concentration is antifically reduced in darkness then at least
some of the manifestations of fight adapiation resuli. These
adapiational effects are quantitatively very simiiar ¢ those that
would be produced by light iself, suggestng thal changes in
calcium concentration arc suificient to cause light adaptation in
the absence of light. In addition, recent evidence shows that
changes in calcium concentration are important in regulating the
iigrht response during the bicaching adaptation which follows
exposure o very iniense light. Calciam is believed 10 cause
these effects by modulating the biochemical processes which
lead 1o 1he electrical response to light, Calcium therefore appears
1o function as the messenger of light adaplation in verichbrate
photoreceplors.

Hughk Matthews

2) Initiai translation for a wider andience
Calcium sheds new light on adaptation.

Go from a dark dungeon into bright sunlight and there is a
temporary loss of vision, The same happens when one goes into
the dark room. Bui soon the eye adapis and we are not blinded
by bright sunlight and can see even at very low light inlensities.

The ability of the vertchrate retina 10 operate Over a very wide
range of light intensities resulls in part because the light sensitive
photoreceptors - the rods and cones - undergo a process known
as light adaptation. In other words, they can adjust their sensitivity,
or the gain of the transduction process, in respoase 1o changesin
steady light intensity. Without this adapeation the rods and cones
can only respond within a relatively small range of light
intensities.

But whai is the mechanism that enables this process to occur
within the rods and cones? Research from several laboratories
over the lust few years has begun o shed light o this question
and it looks as though calcium plays a critical role.

In the darkness there is a steady inward ionic current, partly
carried by caicium ions, which flows across the membrane of the
ouler (photosensitive) segment of the recepior. As calcium
enters it is pumped back out again and in this way the levels of
cytoplasmic calcium remain stable. However, when the
photoreceptors are stmulated by light, the kevels of calcium in
the receptor begin to fall, This is because the light has reduced
the inward calcium current but the pump continues for a while
to push out the intracciluiar caicium.

Now the link between calcium and light adaptation has been
made by investigating the electrical responses of photoreceplors
which have been treated with drugs to reduce or block changes
in the cywplasmic calcium concentration.

When a substance which binds calcium, and thus acts as a
caicium buffer, is incorporated inio photoreceptors, the onset of
light adaptation is slowed. More dramatic is the complete
aboiition of the light adaptation response when both calcium
influx and efilux are blocked - the two mechanisms which
together cause the fall in calcium cancentration in response to
light. Under these circumstances photorecepiors are still
responsive butonly ina narrow range of lightintensitics. For the
final twist in the story, adaplation-1ike responses can be induced
in photoreceptors simply by artificially reducing the cytoplasmic
calcium concentration - no light stimulation is required.

More recently bleaching adaptation has also been shown to
involve calcium. This effect occurs after exposure to very bright
light, and causes a profound drop in the seasitivity of the
photoreceptors and & speeding of their responses to light,
However, when changes in calcm concentration are prevented,
this effect of bleaching on the response is abolished,

Thus changes in cyloplasmic calcium concentration in the
photoreceptor are an esseatial part of light adaplation. Calcium
is believed wo cause thess effects by influencing the biochemical
mechanisms which lead o the electrical response to light. It
thereby appears to function as the messenger of light adapeation
in vertebrate photoreceptors.

Hugh Mathews and Saffron Whitehead
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The Wellcome Centre for Medical Science

“Medical research is going through its most exciting time right
now” said Sir David 'Weatherall' opening the new Wellcome
Centre for Medicai Science on 25 Novemiber 1992. “And in the
next 10-20 years there will be some of the most important
developments in the medical sciences that have ever happened.
But those developments are complex and some of them have
quite serious ethical issues that we have all goi io face and what
we have got to do is open up a debate with society about how far
we want to go. If you want toencapsulate in a simple phrase whai
the Wellcome Cenire is all aboui it is simply to form links
between whai is going on in medicine, basic medical research,
the press and the public. What are the dociors doing? Where is
basic medical research taking us? There are such enormous
possibilities in the medical sciences now that we would dearly
love to show the excitement of this field o young people. Not
necessarily peopls who are going 10 be dociors, as biomedical
research now covers every aspect of human biology. There is
even more to it than that. As well as trying 1o build up this link
with the public we want 1o teach ourselves, the scientists, how
to communicate”.

These comments nicely emphasise two of the main aims of the
Wellcome Trust’s mew initiative. The Trust’s increased
importance on the national scene has led it to recogrise a
responsibility beyond funding research - a need to alter public
opinion towards @ more positive attitude to biomedical science
and 1o encourage bright youngsters to think about the possibility
of studying science, especially biological science a bis longer.
To university perhaps? Or even to undertake research?

An increasingly negative image for science, and national tends
in university entrance away from science in general, led the
Trust to establish the Centre to help counter these threats to
science and indeed in the long run to the well-being of society
itself.

The Welicome Centre comprises several components, the main
ones of which are: Scieace for Life, a permanent exhibition
explaining the nature of biomedical research; a Sciemtific
Meetings Programme; an Information Service, a Medical
Photographic Library; and a Science Policy Research Unit
(PRISM, Policy Rescarch in Science and Medicine). I will deal
briefly with the first three of these. Future asticles will cover
other aspects of the Wellcome Centre.

The Science for Life Exhibition

Science for Life is both an explanation and a cele-bration of
biomedical science: an exploration of the process as well as the
product of research., Designed for educated adulis without
knowledge of biology and for senior schooi pupils, it equaily
seems to entrance Lthose in preceding and succeeding decades (8
to 80 seems to have become the slogan).

Science for Life occupies the east half of the upper ground floor
of the

Wellcome Buikling, some 770 square metres in all (about five
times the surface area of the alveoli of the lungs for those of you
who have difficulty with these things).

! President of the British Association for the Advancement of Science,
Regius Professor of Medicine in Oxford and Governor of the Wellcome
Trust

A highly interactive area
first introduces ihe visitor
to study the structure and
functionof the human body
leading to a section on
microscopy using real
specimens of normal and
diseased tissues. This
serves as an introduction
to the cenlre-piece of the
exhibition - a giant walk- :
through cell magnified [T/ | ‘

'

abouta million times. Have
you ever wondered whai
endocytosis and lysosomal
digestion scund like? Jim
‘Waison loved it. Lewis
‘Wolperni hated it. Come and
find out what you think!

Interactive exhibit from the “Science
. Jor Life” exhibition. Phatographs
The stereotype of the ‘.ourresy of The Wellcome Trust

scientist is challenged in a
section on the nature of
scientific  discovery.
Visitor becomes scientist
using a computer to in-
vestigate the cause of a
mysterious new disease
“green-spot disease”.
Major achievements in
medical science form the
scientific meat of the ex-
hibition and repay careful
scrutiny. And finally there
is a section on funding.

The importance of basic
research is emphasised
throughout the exhibition
and we have auempied 1o
use simple, unpatronising language. The cxhibition was designed
for educated adulls without knowledge of biology and for senior
school pupils. Ar education section coordinates school visits
and is anempting to develop an unusual feature - a smalil
laboratory where booked groups can undertake experiments.
DNA fingerprinting is aiready in place and we are in discussion
with the Society’s Education and Information Sub-Committce
with the aim of incorporating a suite of physiological experiments.

Reviews by the press and public have been very positive; to
quote Jon Tumey in the THES, the exhibition “offes[s] a rare
combination of intellecwsal and aesthetic satisfactions, in a
“hands on” sciting with a more scrious flavour than many of the
less ambitious science centres which have sprung up around the
country in the last few years”.

Scientific Meetings Programme

Facilitaling communication between scientists themselves and
witl the public is one of the aims of Lhe scientific meetings
programme.

The Frontiers of Sciencé meetings are intemational in flavour
and small (a maximum of about 20 speakers and 10 - 20 further
discussantsy lasting an inlense three days. This formatencourages
movement in & subject - for example, by agreeing suraegies for
future development or by secking 1o resolve existing conflicts.




Meetings held to date include modem approaches to “Meta-
morphosis”, “Hypoxia: functional consequences of reduced
oxygensupply” and “Cholers”. Future titles include “Moleculas
Mowors” and “Antibody Engineering”.

Suggestions for suitable subjects are aiways welcome.

Trust funded scientists meetings include interdisciplinary
meetings for groups working on different aspects of the same
topic; diabetes and red blood cells are examples of recent
meetings. In addition, we have held 3 workshop for our Prize
Students in order to help them to communicate their work ©
other scicntists and w the public. This was well received and we
plan to extend these courses.

Special interest group meetings for icachers and school pupils,
medical charity workers, lawyers, journalists and the gencral
public are planned in order &0 develop awareness of particular
issues and to foster the public underssanding of science.

Facilities have been designed for groups from hailf a dozen or so
in seminar reoms 1© up 10 170 in the auditorium,

Information Service

In additicn io supporting the Science for Life exhibition with a
teachers’ centre, there is also a collection of non-technical
background maierial on human biology, including videos for the
general public.

For the professional user, the Information Service has
concentrated its attention on everything o do with biomedical
researchexcept the rescarch itself: there is no point in competing
with University College Library rext door. The Information
Service now has some 250 joumals and 2,000 books on
organisation, management, funding, ethics, biomedical science
policy research and the public understanding of science. It is
well provided with computers and has access 10 most standard
data bases soch as Medline Express, Current Contants
{+ abstracts), Health Services Research Daabase, Current
Research in Britan Database, World Research Database, UKOP
(Official publications, ¢g HMSO eic), NERIS (Educational
Resources), ECTIS (Higher Education Research) and British
Books in Print.

In addition, we are developing two datahases of our own, oneon
sources of Grants funding and another on Rescarch Assistant
Vacancies. Once complete, it will be possible 10 dial up via
JANET and usc key words to find out the funding agencies most
appropriate for your particular needs. Details of the Funding
Body can be sought if required and contact names are provided.
Secondly, anyone with a grant which includes a research assistant
position can enter details onto the Rescarch Assistant Vacancics
database and potential candidates can then scarch it using key

words or just by browsing through iL. Free 1o the user, it will be
a minimal cost to grant holders - £15 or so per month. These
services should be available in the Wellcome Centre in a month
or 50 and on JANET later this year.

Ancther contribution for those who need to know what is
happening in the science policy world is a2 weekly news round-
up - SPIN (Science Policy Information News) which is produced
jeintly with our Science Policy Research Group PRISM (Policy
Research in Science and Medicine).

Neat time you are in the Wellcome Building, drop in and sce
what’s in the Information Centre. There are comfortable seats,

general journals and newspapers toread as well as the collections
mentioned above.

Finally, for those who cannot visit the Centre, an enquiry service
isavailable. The Information service is there 10 satisfy the needs
of the research community and you are encouraged W contact
them about any mauer related o rescarch other than the science
iself,

Laurence H Smaje
Director
Wellcome Centre for Medical Sclence
Further Information
Science for Life Exhibition
Cpening howrs:
0945-1700 Mon- Fri
0945-1230 Sar
Contact:
Nan Davies Tel: (071) 611 8413
Education Officer Fax: (071) 611 8526
Scientific Meetings Programme
Contact:
Paul Wymer Tel: (071) 611 8426
Scientific Development Manager Fax: (071) 611 8526
Information Service
Contact:
Peter Blundred Tel: (071) 611 8505
Head of Information Service Fax: (071) 611 8726
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Articles

Physiological basis of seasonal mortality

Summary of a special lecture delivered ai the Queen
Mary & Westfield Coliege Mecting (December 1992)

Seasonal monality may scem an unusual research topic fora
department of physiology but, like somany of the major calegorics
of discase, scasonal deaths are tuming out 10 be multifactorial,
and with physiology holding the key to much of the causation.

The history is a remarkable one. Excess winter deaths have run
al between 50,000 and 150,000 per year ever since British
morrtality siatistics were first collected in the middie of the last
century. However, itwasonly in the 1970s tha, for the first time,
this huge death raic started to attract cither scientific or public
and media atiention on any major scaie. Unfortanately, when it
did, there was initiaily a widespread misconception that these
deaths were due 10 hypothermia. Death certificale siatstics
show ihai aricrial thrombosis, mainly coronary and cerebral
thrombosis, causes over haif of the excess deaths in winler in ihe
UK (Buli & Morton, 1978). Respiratory diseases cause about
half of the rest, and the rernainder are due to a large number of
minor causes. Despite the statistics showing at most a few
hundred deaths from hypothermia, repeated siatiements and
advertisements assured us that 100,000 eideriy British people
died of hypoihermia every year in their own homes. They were
ofteneven said 1o have frozen to death. Asaresult, hypothermia
became fixed in the public mind, and very widely in ihe
scientific mind, as the cause of our annual winter holocaust.

At the time, the main research interest of our group was in
electrophysiology of vascular smocth muscle, but we had been
intermitiently involved in a number of applied problems of
human environmental physiology, including an interesting type
of marginal hypothermia that had been causing confusion and
memory deficits in North Sea divers. This led 1o us being asked
to look into winter deaths that were widely thought to be due to
hypothermia.

The first step was to see whether hypothermia was in fact
commor, but was simply being missed because people were not
taking temperatures, at the right time, with low-reading
thermometers. We therefore arranged for every patsent coming
into The Royal London Hospetal in Januzary and February to
have mouth temperature measured; if it was below 36 °C, rectal
temperature was measured as well. Only three patients out of
982 admiued to hospitalin these winter months had temperatires
below 35 °C, the official definition of hypothermia. All of these
three were very ill for ather reasons and all had been recognised
alrcady as being hypothesmic. A wmore detailed mvesiigation
(Woodhouse et al, 1989) of all patienis admitted with hypothermin
over one yedar in the eniire Royal London group of hospiials,
covering most of the East End of London, showed that all of the
fourteen patients who had became hypothermic in iheir own
homes had done so after becoming sericusly ill from other
causes and usually afeer collapsing on the {loor. Another eight
patients had become hypothermic outdoars, almost all afier
alcohol or after a variety of illnesses. Most of Britain’s 50,000
excess winter deaths therefore reaily do seem iobe due io arierial
thrombosis and not to kypothermia.
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In trying w0 explain why arterial thrombosis should increase
dramatically in winter, we made a series of experimental cold
exposures on volunteers (Keatinge et ai, 1984). These involved
oaly mild surface cooling, just enough Lo cause shivering, and no
substantial fall in core wemperature. Within 30-60 minules these
produced a series of changes in blood composition which were
cach of moderale size and which would all have the eifect of
increasing the likelihood of a thrombesis forming. Red blood
cell count (RBC) increased about 10 %; platclet count also
increased, though proportionately less. Plasma cholesterol, which
rapidly increases platelet stickiness as well as increasing atheromas
in arteries in the long term, increased in line with the increase in
RBC. These changes were accompanied by amarked increase in
hiood viscosity, that varied from 20 o 30 % depending on the
shear rade used. This increase in viscosity will facilitate the
second phase of arterial thrombosis, afier a plateiet thrombosis
has formed, when secondary thrombus is spreading from it. We
are now investigating changes in a vancty of clotting and
thromboiytic factors in the coid, (Symdercombe-Court ef al,
1993)

So the hypothesis now is that these changes all increase the
statistical probability of an arterial thrombus forming; this does
not matter much in healthy young adults with artenes that arc in
good condition, but in elderly people with atheromatous arteries
they cause a large number of excess thromboses in winter. In
general terms, the changes can be explained by haemo-
concentration, associated with 2 reducsion in blood volume
needed 1o match thereduced volume of the circulation following
vasoconstriction in the cold. They are therelore pant of the
normal physiological response to cold. Curment studies are
largely designed to assess the mechanism of the koss of fluid, as
well as to explain the discrepancies betwsen the percenlage
incr2ases in different blood constituents im the cold.

Since these changes happened in quite short exposures o cold,
outdoor excursions could clearly be important in causing them
in everyday life. Statistics from Anchor Housing, where homes
were well heated throughout the winier, showed thai residenis of
these showed much the same increases in moriality as other
elderly people did in winier (Keatinge, 1986). Anotherindication
came from analysis of overall moriality in England and Wales
(Keatinge et al, 1989) during the 20 vears from 1964 to 1984.
During this period there was a dramatic increase in ceniral
heating, which rose from 13 % of homes to over 66 % of homes.
Although excess morialily in winicr from respiraiocy disease
fell az central heating increased, excess winier mortakity from
arierial thrombosis didnoi, afier aliowing foreffecis of influenza
epidemics. So the indication was thal central heaiing probably
had reduced respiraiory deaihs in winier but had little effecion
the thrombotic deaths that cause most of the moriality.

Outdoor excursions in winter were therefore likely to be the
main cause ol the persistert high winter mortality from throm-
bosis. If this was right, it should be possibie to produce a fall in
the moetality simply by advising elderly people 1o forget the
traditional Britich belief that plenty of fresh air is healthy in
winer, and 1o take common sense measures to minimise cold
exposare ouldoors. Five years ago we were able o get a lot of
low-key publicily on these lines among elderly people, first
through Oliver Gillie in The [ndependent, and then through a




series of radio and television programmes for elderly people at
non-peak times. This was later reinforced by advice from the
Departmentof Health carried on main izlevision news broadeasts.
Office of Populaiion Censuses and Surveys daia for that winter,
comparing actual moriality with the moriality predicted from
the previous ten years, showed an unprecedented fail in actual
as compared to predicied mortality, with deaihs 30,000 below
predicted level. This happened despiie the winter being colder
than average and no serious distortion by influenza throughout
the 10 year prediciive period. This does not, of course, prove that
the advice caused the fall but it is at least consistent with it. We
neeq! more information about the nature and time course of the
changes responsibie for thrombotic deaths in winter before a
mare active and more targeted preveniive programme can be
advised, but we at least have an indication that current pro-
grammes of advice seen w be belping.

A surprising finding (Keatinge et al, 1986) was that brief heat
siress, with sweating, causes haemoconcentration of a similar
kind 10 cold stress, in this case mainly due to failure to replenish
fully the salt and water that is lost in sweat. This i tum can
explain marked increases in deaths from arterial thrombosis in
heat waves in the USA and other warm countries. Such heat-
induced increases are infrequent and moderate, and therefore a
minor cause of mortality in Britain, compared to that seen in
winter, butthey do occur in heat waves every two or three years
(MacFariane & Waller, 1976) in Southern England. The changes
in blood composition that occurred duning experimental exposure
of volunteers to heatdiffered iiie from the changes produced by
cold, apart from a tendency for platelet count to increase
relatively more in the heat than the cold. Statistics for mortality
on holidays abroad are not readily oblainable, but we suspect
that heat stress is a major cause of arterial thrombosis among
elderly British people holidaying in hot countries.

Considerably more information is needed about the everyday
activities that carry particular risk of individual cold- and heat-
related thrombosis, as well as about the details of the haema-
tological changes and ways in which they can be modified. Until
we have this, it is probably unwise to embark on more detailed
preventivg¢ advice, and almost certainly unwise to embark on
preventive mass medication, but itis likely that useful additional
measures can be taken on these lines as more information
becomes available.

William Keatinge
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How quantitative studies on single
capillaries help us to understand the
circulation

Summary of a lecture delivered at the Society's
Symposium jfor final year undergraduates (Leeds,
December 1992)

When asked to think about the biood flow through a particular
organ or tissue, I conjure up a mental picture of the micro-
circulation in that organ for it is here in the anerioles that blood
flow is regulated and distributed and in the capillaries and
venules where blood-tissue exchange occurs. Until recently,
most of these mental pictures were based on qualitative
descriptions of microvascular flow and much of our quantitative
understanding of microvascular exchange was derived from
indirect measurements (such as the disappearance of tracers
from blood). In the past 15 years, however, there has baen great
interest in making quantitative measurements of flow and
exchange in single capillaries. The results of some of these
investigations have certainly clarified my own thinking and in
this brief review I shall give a small number of examples.

Although it only hecame fashionabie to make quantitative
measurements on the microcirculation 10 w15 years ago, two
classical series of measurements of this kind were described
between 1918 and 1930. The fwrst was carried cut by August
Krogh in Copenhagen. Using direct microscopic observation of
the living microcirculation, quantitaiive histology, in vitro
determinations of oxygen diffusion coefficients in tissues and
mathematical modelling techniques, he established that O,
could be supplied from the capillary biood 1o resting and
exercising muscle tissue by diffusion alone. Krogh drew attention
to the great increase in the number of capillaries thatare perfused
whenamuscle exercisesand how thisensures the oxygen supply
to the tissue can meet the increased requirement. Itis only within
recent years that Krogh’s in vivo observations have been
rigorously repeated and extended. It has been found that the
simple interpretation of capillaries being either open or closed
had to be revised and that the non-uniform distribution of
microvascular perfusion could be considered to result from a
distribution of capillary transit tissues.

The second classical series of experiments was carried out by
Eugene Landis and he started them when he was a medical
student at the University of Pennsylvania. Landis developed a
micropuncture technique for measuring capillary pressure, P,
insingle vessels in the frog mesentery. He also devised a method
for measuring fluid filtzation and reabsception across the walls
of these vesselsand, by combining this with measurements of P,
he was able to provide the first direct proof of Starling’s
hypothesis of capillary fluid balance. After qualifying in
medicine, Landis came to London for a year to woik with Sir
Thomas Lewis at University College Hospital and, during the
winter of 1928/29, he used his micropuncture technigue to
measure P_of skin microvessels in normal human subjects.
Although Landis himself drew attention to the wide vanations
inP_thathe recorded, tw mean values fitted Starling’shypothesis
so well that they immediately became incorporated into the
texthooks. With P = 35 mmHg at the arterial end of the
capillary, 25 mmHg at the mid-capillary level and 15 mmHg at
the venous end, the pacture of fluid fikering from blood to tissue
at the arterial end and being reabsorbed into the blood at the
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venous end seemed secure since the proteins of normal plasma
exerted an osmotic pressure of 25 mmHg.

What is not emphasised clearly enough in the textbooks is that
Lanclis’s figures refer to capillaries in the skin of the hand at
heart level. An outsianding question was what happens 0P _in
capillaries below the heart. Although Landis had carried out
some preliminary experiments on this, surprisingly no-one
atrempted 1o follow them up until almost 50 years later when
Rodney Levick and I used each other as subjects. We measured
P_in the skin of our toes while lying supine or a laboratoey
bench, while sitting and during quiet standing. Our datais shown
inFig 1. Iis seen that while P_rises as the foot is lowered below
the heart, itdoes not rise as guickly as the local venous pressure.
While the difference between the mean anerial pressure and the
local venous pressure in the fool remains fairly constant with
changes in position, the differerce between P, and the local
venous pressure may be 20-30 cm,0 in the supine subject but
only 2-3 cmH,0 during quict standing. This shift of P_towards
the local venous pressure is @ result of constriction of the
anterioles. This is triggered by a local mechanism (which is still
not clearly undersiood) but has two important consequences
which minimise Muid loss into the dependent Lissues. First is by
reducing the rise of P_(as we have seen) and second by slowing
plasma flow ihrough the microcirculation, the transit times
become sufficient for plasma proteins to concentrate as fluid is
lost in the early part of the capillaries so that the subsequent rise
in oncotic pressure acts as a brake on filtration during the later
part. As in the giomerulus of the kidney, filtration becomes
limited by the rate of piasma flow byt while this is high in the
glomeruli it is very low in the feet of standing subjects.
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Fig 1 Changes in arterial, venous and capillary pressures in the feet
of two normal subjects at different levels below the heart (Levick &
Michel, 1978).

The adjustment of the “Starling forces” to minimise fluid
filtration when P_is high is mirrored by changes which limit
reabsorption of tissue flzids when P_is low. This phenomenon
became clear to me when my colleagues and [ were measuring
fluid filtration rates over a range of P_in single perfused frog
mesenteric capillaries. While reabsorption of fluid from the
tissues could be demonstrated in these vessels when P_was less
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thar the oncotic pressure of the perfusate, perfusion for several
minuies ai ihe same P_ led reabscaption to diminish untii it was
undeieciabie. By vigorously washing the surrcunding tissue
with protein free fluid and raising the P toestablish net fiiration
for a briel period, reabsorption rates at the initial P_ could be
restored. It became obvious that during reabsocption protein
accumulated in the fluid immediately surrounding the capillary
raising the local oncotic pressure and reducing the oncotic
pressure differemce across the microvessel walls which was
responsible for reabsorption. Since capillary walls are finitely
permeable 10 plasma protins, their concentration difference in
the pericapillary Muil is determined by the rite at which they
cross the vessel wall and the degree 10 which they are diluted by
the fileration of protein-free fluid. [t was possible to write down
an equation which described the steady-state relations of fluid
balance & any value of P and perfusate oacotic pressure
depending upon the permeability of the microvascular wall 1o
fluid and protein. The theory was examined in single perfused
capillaries by Mary Phillips and mysclf and we were able to
show that the permeability 1o perfusaie macromolecules (as well
as their reflection coefficients) could be deduced from
measurements of fluid filtration raes at known values of P,

The theary gives insight into fluid balance in tissues of intact
organs (such as the lung), it negates the classical picture of
steady reabsorption at the venous end of capiiianes and it raises
inderesting questions about sustained fluid uplake in tissues such
as Ihe kidney and small iniestine. When there is adequate
lymphatic drainage (eg in the renal coriex and inéedluminal
mucosa), sustained reabsorption can be accounted for, but in the
renal medulla{where the presence of iymphatics is disputed) the
mechanism of fluid uptake is uncicar. For that reason, Dr Peggy
MacPhee and | are currently investigating fluid balance insingle
perfused ascending vasa recta,

Most of the work of my laboratory over the past 20 years has
been directed at the question of identifying the permeability
pathways through capillary walls and understanding the processes
of diffusion and ultrafiltration within them, This has led us to
combine techaigues for measuring the permeability of single
vessels with an examination of the ultrastructure of the same
vessels. This work has been reviewed elsewhere (eg Michel,
1988) and | am beginning 0 hope that the “normal” picture of
fluid and salute permeation through vessels with continuous
emlothelium has been clarified. There are siill some major
problems to be sclved, in particular the passage of
macromolecules and the mechanisms whereby permeability
increases under putho-physiological (and possibly physiological)
circumstances. Like all research, by answerning one question we
gain sufficient insight to ask several more and I have a fecling
that a small number of physiologists will be kept busy making
quantitalive measurements on single capillaries for a long time
1o come.

Charles Michel
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Cationic amino acid transport: molecular,
cellular and physiological studies

Swmmary of a lecture delivered at the Society’s
Symposium for final year undergraduaies (Leeds,
December 1992)

Where does cell physiology stop and molecular biology stan?
The borderling is in some sense bound to be arbitrary. Perhaps
the attitude and hopes of the scientist who is doing the experi-
mental work tell us most about which side of the border he (or
she) considers himself to reside. Is he interested in taking the
component picces apart o understand at an atomic level their
structure and function; or, alicmaiively, is the investigalor
inicresied in sceing how the compoacent paris of the mechanism
interact at a molecular and supramolecular level, 10 see how
funciion aiacell and tissue fevel emerges? Recent studicson the
mechanism and regulation of transporier proéeins in membranes
have raised these issues and here 1 will discuss the specific
processes which are invoived in movemeni of cationic amino
acids across the cell membrane, particularly in epithelial cells.

Molecular basis

In 1991 two independent studics were published on adjacent
pagesof Narure; they both showed that the transporter responsible
for the transport of the amino acids lysine, arginine and histidine
was a protein whose gene had already been isolated and
sequenced. Thus, the full amino acid sequence of this protcin
had alrcady boen known for several years. This was a surprise
because the gene for this membeane protein had been isolated
previously on the basis of a quite different biokogical function,
namely that ® acted as a receplor for a mouse retrovirus. (ILisin
science policy 1o realise that although a great deal of funding had
beea invested in the search for protein molecules which acied as
amino acil wansporters in animal cells, this work established
this 1o be a function of a protein whose sequence had already
been published; if only those hard-working scientists interesied
in membrane transport had known what it was! | am sure that

there is a more general message here.) The papers by Wang et
al (1991) and by Kim et al (1991) showed, using clectrophysiol-
ogical techniques and flux measurements, that this virus receptor
(called EcoR), when expressed in Xenopws oocytes, produced
transport of this specific group of basic amino acids. The
sequence of the protein showed it to have multiple transmembeane
domains (probably 12) and it has been suggested (Kavanaugh et
al, 1993) that the molecule shows internal duplication. There is
also homology between this transporter and onc other membranc
protemn of previously unidentified function; this other molecule
which had been isolated from activated lymphocytes by MacLeod
el al (1993) showed striking sequence homology 10 EcoR. We
thought, therefore, that it might be interesting to look at cation
ammo acid transport in sctivated lymphocytes.

T cell activation causes rapid expression of the T cell
early activation antigen gene and simuitaneous
expression of lysine transport

Together with Dorothy Crawford (a virologist with an inierest
in the cell biology of human lymphocyies) we stucbed the rans-
pori propertics of aciivated human peripheral blood monccyics.
Using specific lectinmitogens (phywhacmaglutinin (PHA)) for
T cells and Staphylococcus awreus cowan A (SAC) for B cells,
we looked at lysine influx. Fig 1 shows our findings. Inactivated
T eells, the catonic amino acid ransport system y* was strongly
activated within 24 hours and, as shown in Fig 2, when the time
course was extended in greater detail obvious stimulation of this
system was observed by 12 hours. This time course matches
precisely the expression of the T cell gene TEA described by
MacLeod er al (1990). As discussed below there is also an
additional amino acid transport system (given the name y*L),
which is expressed in several cell types and we found also 1o be
present in the T cells. Unlike system y*, however, system y'L
was activated only slowly and 10 a much smaller extent than
system y*. When we looked at the actuvated B cells (which we
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showed 1o be appropriately stimulated by
monitonng expression of a specific B cell
surface molecule, CD23), lysine influx was
not altered. We concloded from our work
an the lymphocytes that the T cell carly
activation antigen described by MacLeod
and colleagues (1990), was indead a system
y* transporter specific to activated T cells.
This has now been confirmed by the studies
of Kavanaugh ¢! al (1993) in which
increased amino acid transport was
observed following expression of the TEA
gene; italso fits with studies by Sarah Chen
in my laboratory who has blocked
expression of the human HI3 gene (the
human version of the mouse EcoR) using
antisense oligonuclcotides and found
specific inhibition of lysine transport
n through system y* m activaled human T
lymphocytes.

(no mitogen)

Fig I The activation of Iysine trarsport into lymphocyies (T and B cells) from human peripheral bicod, ike figure on the left shows transport
iirough system y* and that o the right ihrough system y*L_ It is clear that in T cells there is very subsiantial activalion of sysiem y' which is

nof seenin B cells.
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Fig 2 The time course of activation of lysine influx following T cell
activation. This precisely matches the expression of the TEA gene.

Lysine fiux into Peripheral Blood Monocytes
following T cell activation
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A novel system for cationic amino acid transport

The system y*L mentioned above was originally described by
Devésand hercolleagues in human erythrocytes. It was identified
on the basis of its extraordinarily high-affinity inhibition by
neutral amino acids such as leucine. Thus, as shown in Fig 3,
leucine inhibits lysine influx in abiphasic fashion; inerythrocytes
atlow substrate concentrations approximately half of the flux of
lysine can be inhibited by low concentrations of leucine. Using
this observation, Devés et al (1992) showed that there are two

ANALYSIS OF LEUCINE INHIBITION
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Fig 3 Inhibition by the neutral amino acid leucine of the rate of
lysine entry into haman red blood cells (expressed as a ratio of the
inhibited rate, v, to the uninhibited rate, v ). Note the biphasic
inhibition with one comporem of lysine influx which is very sensitive
1o inhibition by leucine. The dotted line extrapolates the predicted
inhibition if there were only one transport system; the solid line
shows the fit to the data by the two transport system model (with
both systems y* and y*L).

pathways for lysine transport which differ in their kinetic
properties and in Lheir substrate specificity. The novel system
transports both neutral and cationic amino acids with high
affinity, which means that its contribution to tolal cationic
amino acid transport decreases as the cancentration of substraie
(lysine) increases. Subseguent work by Devés has shown that
these two systems can also be separaied functionally on the basis
of differential sensilivity to inhibition by N-ethyl maleimide.

The systems y* and y*L differ in their response to
membrane potential

In our laboratory Dr Neli Eleno has used isolated membrane
vesicles 10 study the effect of membrane potential on the two
cationic transport systems. With these biochemically purified
plasma membranes it is possible 1o induce a diffusion potential
of known polarity and magnitude and io Jook at the effect of this
potential on transport through the two systems. The trick is
either o use ion gradients in which a very permeant ion is chosen
(such as the anion SCNY) or o use ionophores which specifically
increase the permeability of the membrane 1o one particular ion
(eg valinomycin which increases K* permeability about 10® -
fold). As shown in Fig 4, in epithelial cell membrane vesicles,
as iin the red blood cell, two systems for lysine transport are seen,
one sensitive to inhibition by neutral amino acids {system y*L),
and the other relatively msensitive to neutral amino acids
(systemn y*). Addivonally, as shown in the figure, when the
membrane potential is altered by addition of valinomycin the
contribution of system y* is altered, whereas transport through
system y*L scarcely changes. These different effectsof membrane
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Fig 4 Inhibition of lysine influx into membrare vesicles by the
neutral amino acid glutamine. In the presence of valinomycin (upper
line) there is a diffusion potential (inside negative). Note ihat the
fractional inhibition of lysine transport is recduced under these
conditions, so that, as shown in the insert, the valinomycin-induced
membrane potential has little effect on the neutral amino acid
sensitive transport system (y*L). In contrast, system y* (neuiral
amino acid insensitive) is substantially reduced by the imposed
potential.
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potential oa the two transporters are of interest both at a mol-
ecular level and with respect 10 function. The most probable
explanaton for the srong effect of potential oo ranspor through
system y* is that the lysine binding site for this transporier lies
within the membrane proper and thus senses the effect of the
membrane potential which therefore alters substrate binding; in
contrast, it scems probable that for system y'L the substrate
binding site is nearer the surface of the membrane, Functionally
these observations suggest a ready and interesting explanation
for findings published more than ten years ago by physiologists
interested in transepithelial amino acid transport. Thus
Cheeseman (1983) had shown (confirming carlicr studics) that
neulral amino acids have an uncxpected ability to stimulae
lysine transport across the small inestine. Fig 5 suggests why
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Fig 5 Model of epithelial cell indicating the distribution of mem-
brane transporiers responsible for transepithelial transport of
cationic amino acids (eg lysine, Lys*). NEB refers to the newtral
brush-border amino acid sodium-dependent transporter. Na*-K*

. ATPase is the basally located classical sodiusm potassivm pump.
Note that the asymmetric distribution of system y* (predominau in
the brush-border apical membrane) and of system y*L (predomirant
in the basal membrane) allows active tramsepithelial movesnent of
these essential aming acids despite their cationic charge.

thas may occur. System y*, found predominantly in the brush
border, enables positively charged amino acids such as lysine 1o
readily enter the epithelial cell down & prevailing clectrical
gradhient (the inside of the cell is typically 40-50 mV negative o
the lumen); system ¥*L which is insensitive 10 membrane
potential permits efflux of the cationic amino acid in exchange
for movement of newtral amino ackds. To account for the
minimal effect of polemial on this sysiem, we have also to
postulate that an inceganic 10n moves; it seems very likely (see
Devés et al 1992) that this ion is sodium.

Richard Boyd
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Editor’s note: a summary of anosher lecture delivered
at Leeds, Physiology of the airway mucosa and iis
relevance to asthma, wiil appear in the next issue.
Multiple nucleoside transporters in animal
cells

Nucleosides perform amullitude of biological functions. Adeno-
sine, for example, acts as a ncuromodulator and is involved in
the regulation of platelei and newiraphil funciicn, of blood flow
in heart and kidney and of lipil biosynthesis in adipocytes.
Inosine is an in vivo energy source for pig erythrocyies, cells thai
are unable o metabolise plasma glucose. Other cells require
intracellular transport of nucleosides to support anabolic
processes, eg intestinal mucosa, bone marrow and cenain cells
of the central nervous system. In addition, nucleoside transport
into target cells is a key determinant of their susceptibility 1o
cytotoxic nucleosides. Such analogues are widely usedincancsr
chemotherapy, eg cytosine arabinoside, and as antiviral agenis,
eg acyclovir and azidothymidine. Thus, a Cicar understanding of
nucleoside transport systems is imperiant in gnravelling the
physiological functions of nucleoside salvage und release from
cells, and in the rational design and use of nucieoside drugs in

chemotherapy.

The classification of transport systems has been according to
their physiological, pharmacologicaland bioche mical properties.
More recently, with the increasing appiication of malecular
biology techniques to transporters, carriers have been defined
by their amino acid sequence. In this short report, I will highiighi
the ever increasing hewerogeneity that is becoming apparent
regarding nuclecside transporiers. In addition, 1 will draw
mteation to how such diversity could be eaploiied in the ireatment
of cancer and viral and parasitic infections.

Facilitated-diffusion nuclecside transporiters

Up to about eight years ago, all mammalhian cells, with a few
special exceptions such as erythrocytes from certain species,
were believed 10 possess a single mediam affinity facilitated-
diffusion system thatexhibited abroad specificity for nucleosides.
This system was inhibited by nanomolar concentrations of
nitrobenzyithicinosine (NBMPR) resulting from the binding of
NBMPR to high-affinity sites on the plasma membrane (X, ~
1 nM) (see Jarvis 1991, for review). This NBMPR-scnsitive
nucleoside transporter from pig and human enythrocyles has
been partially or completely purified, and shown 10 be a helero-
geneously glycosylated proein of apparent average M, 64,000
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and 55,000, respectively. Although photoafTinity labelling with
[PHINBMPR has identificd the NBMPR-sensitive nucleoside
transporters of many other tissues as proteins of similar M, itis
not known whether such proteins share sequence similanity or
merely the ability to bind NBMPR.

Recenly, specific polyclonal antibodies have been raised against
the NBMPR-sensitive human erythrocy (e nucleosade transporter
(Kwong et al, 1992). Using these antibodies, il has now been
possible o examine the relatonships between the erythrocyte
transporter and those present in other issues, such s the human
placenta (Barros et al, 1992), Isolated syncytotrophoblast brash-
border and basal membranes possess similar levels of NBMPR
binding sites. However, the anti-erythrocyte nucleossde ranspan
antibodies only recognised brush-border membrane proicins of
apparent M 55,000 on Western blots with no kabelling of basal
membrane proteins. The absence of immunoreactive protein
from the basal membranes was confirmed by confocal
immunofluorescent microscopy, which showed that the brush-
border membrane, but not the basal membrane, was labelled in
placental sections. These results suggest thatat least two isoforms
of the NBMPR-sensitive nucleoside transporier are present in
human placenta, only one of which is recognised by the anti-
erythrocyte nucleoside wransporter antibodies. Cloning studies
of the kinetically similar passive cytochalasin B-sensitive glucose
transporters of mammalian tissues have revealed the exisience
of a family of glucose transport proteins. Such mvestigations for
passive nucleoside transport systems are still in their infancy but
will be required o confirm the possibility of isoforms of the
NBMPR-sensitive nucleoside carriers.

Further heterogeneity of equilibrative nucleoside transporters
came apparent in the mid-1980s with the recognition of the
existence of nucleoside iramsporters that were resisiant (o
inhibition by nanomolar concentrations of NBMPR. In some
cell types, this is the sole nucleoside carrier and such cells lack
high-affinity NBMFR binding sites. However, many cell lines
possess both passive nucleoside carricrs. Detailed swdies with
raterythrocytes and Enslich ascites tumour cells thai express the
Lwo transport components have revealed that the affinity of the
two systems for certain nucleosides may differ by up 1o three-
fold (Jarvis & Young, 1986; Hammond, 1991). Moreover, the
NBMPR-resistant nuclcoside transporter in rat erythrocyies is
inhibited by external concentrations of the orgasomercurial,
p-chloromercuriphenyl sulphonate. In coatras, the NBMPR-
sensitive nucleoside transport system in mammalian erythrocyies
has beensuggestedio have ap-chloromescuripheny! sulphonaic-
sensitive thiol group located within the inward facing confor-
mation of the nucleoside permeation site.

The susceptibility of the NBMPR-sensitive and NBMPR-
insensitive nucleoside transporiess (o inhibition by 4 variety of
other compounds, inciuding the clinically available vasoactive
drugs dipyridamole and dilazep has been investigated. The
general conclusion is that these compounds, together with other
recognisesl nucleoside transport inhibitors, are more potent
inhibitors of NBMPR-sensitive nucleoside influx compared 10
their capacities 10 inhibit NBMPR -resistant influx (see eg Griffith
et al, 1990; Hammond, 1991; Lee & Jarvis, 1988). However,
there are Lwo notable exceptions. First, soluflazine, an analogue
of iniofiazine, is up 1 100-fold more effective as an inhibitor of
the NBMFR-insensitive component compared 10 the NBMPR-
sensitive transport sysiem (IC, values of 0.08 and 10 uM,
respectively in rat erythrocytes) (Gnffith e al, 1990). Sccoad,
dipyridamole fails 1o differentiate between the two equilibrative

wansporters in rat tissues (see Plagemann er al, 1988, for
review). One explanation of these latter findings is that the
NBMPR-sensitive nucleoside transporter in rat tissues has
undergone a small stroctural or conformational change that
selectively decreases the wransporter’s affinity for dipyridamole
while leaving its affinily for NBMPR unaliered. As such,
dipyridamole is no longer capable of differentiating between the
LWO LranspoOLerss in ral tissues.

Nothing is known about the molecular propertics of the NBMPR-
insensitive passive nucleoside transporter. We must await the
cloning of this carrier and also nucleoside transporters from rat
tissues before we can further determine the exiant of the
similarities and differences In faciliaed-diffusion nucleoside
transporiers. It seems likely that the NBMPR-inseasitive and
NBMPR-sensitive nucleoside transporters are the products of
distinct genes as cell ines with specilic nuclecside transport
deficiencies have been generaled by mutation technigues
(Vijayalakshami et al, 1992).

Active nucleoside transporters

Further diversity in nuckeoside transport mechanisms has become
apparent with the increasing number of reports of Na*-dependet
concentrative nucieoside transporters in both epithelial and
non-cpitheiial cells. Kinetic and substrate specificity studies
have revealed the existence of at icast three active nucleoside
transporters (see Jarvis, 1991 and Tabie 1). One system,
designated N1 or cif, accepts mainly purine nuclensides, uridine
and deoxyuriding, and nucleosides such as formycin B and
guanosine have been used as model permeands. Theco-transporter
is widespread and has been shown to be present inkidney brush-
border vesicles from a variety of species, rat and mouwse macro-
phages, mouse spicenocyies, mouse iniesiinai emerocytes and
i liver canalicular membrane vesicles. The second systen,
designaicd N2 or cit, has a subsiraie specificity for pyrimidine
nucleosides, adenosine and analogues of adenosine, and
thymidine has often been used as a specific permeant, The N2
nucleoside cotransporier appears to have a narrower tissue
distributionand has only beenclearly showntoexist in epithelial
prepasations from Kidney and intestine. Human renal brush-
border membrane vesicles appear 1o possess a variant of the N2
system which also accepts guanosine as asubstrate (Gutierrez et
ai, 1992). Finally, a broad specificity Na*-dependent system has
recently been reported 10 be present in cheroid piexus from
rabbit witich I have designaled as N3 (Wu ¢t ai, 1992). This
system also differs from N1 and N2 in that the stoichiometric
coupling ratio between Na* and nucleosides is 2 and not 1 as
determined for N1 and N2. The affinity of these co-transporers
for permeants is high (generally K_ values of | to 20 pM at
20°C), vadues one-tenth wone-fiftieth of that of the equilibrative
nucleoside transponiers. The active nuckeoside transpociess are
also resistant to inhibitors of equilibrative nucleoside transport.

Stadies from this laboratory have demonstrated the expression
of Na*-dependent thymidine transport in Xenapus oocytes with
kinetic properties ientical 10 the N2 wransporier following
injection of rabbit small intestinal poly(A)* mRNA (Jarvis &
Griffith, 1991). More recently, acompicmentary DNA encoding
a rabbit kidney Na'- aucleoside co-transporter, SNST1, was
isolated by high stringency hybridisation with the rabbit renal
Na*-dependent glicose transporter, SGLT1 cDNA (Pajor &
Wright, 1992}, The amino acid sequence similarity between the
Iwo proteing 1s high - 61 % identity amd B0 % chemical similarity.
Expression of SNSTI in Xenopus oocytes resulted in Nat-




Table 1 Properties of nucleoside transporters in animal cells

Equilibrative Active
NBMPR- NBMPR- N1 N2 N3
sensitive insensitive
Na*-dependent - - + + +
Inhibitors:
100 nM NBMPR + - - - -
PCMBS (externally located) - + ND ND ND
Substrate specificity
Uridine + + + + +
Adenosine + + + + +
Thymidine + + - + +
Formycin B + + + - +
Guanosine + + + -a +
Inosine + + + - +
Na*: nucleoside stoichiometry - - 1 1 2
Tissue distribution Most Most Kidney Kidney Rabbit
Intestine Intestine Choroid
Liver Plexus
Spleen
Leukaemia
cells

ND, Not determined; a, exception human kidney where guanosine is a substrate.

stimulated uridine uplake and nucleoside-stimulated ZNauplake.
Uridine, 2-deoxyuridine, cytidine, adenosine znd guanosine
appear 1o be apparent substrates for the expressed transporter.
This specificity is consistent with either the modified N2 carrier
characierised in human renal brush-border membrane vesicles
or the bread specificity N3 Na*-nucicoside transporier (see
earlier discussion). Northern blcts revealed no mRNA in rabbil
inestinal mucosa, suggesting that inestingl active nucleoside
transport is catalysed by a different gene product(s). Surprisingly,
mRNA for SNST1 was abundantly expressed in the hear,
although preliminary studies from this Izboratory inconjunction
with Professor S Nees, University of Munich, have failed to
detect Na*-dependent nucleoside transport activity in guinca-
pig cardiomyocyles and coronary endothelial cells. It is
anticipated that further genes coding for Na*-dependent nucleo-
side iransporters wiil be cloned in ihe near fuiure.

Nucleoside transport and chemotherapy

‘The observation of multiple nucleoside transporter systems thi
differ in their substrate specificities, reguirement for Na* and
sensitivily to transport inhibitors, has potential practical
significance for cytotoxic nucleoside chemotherapy. First,
NBMPR or altemative nucleoside transport inhibitors could be
used to potentiate the accumuiation of cytotoxic nuclkeosides in
cells thai possess boih equilibradive and active nucleoside
transporiers by blocking effiux of the ioxic nucicoside via the

former system. Certain tumours have both carrier types. Second,
many infections occur intracelluiariy such as leishmaniasis
within macrophages and HIV involving lymphocytes. Thus,
faciliaed-diffusion nucleoside transport inhibitors could be
adminisiered to provide general host protection but would not
prevent access of a suitable cytotexic nuclcoside io the cell
1ocaled organism via the Na*-dependent nucleoside transporters.
Many immune-type cells possess Na'-dependent nucizoside
ransport systems. Conversely, the concentrative nucleoside
transporiers could provide a mears by which, for exampie,
marrow bone stem cells can salvage nucieosides while the pas-
sive nucleoside ransport inhibitors are used 10 potentiate the
acliviiy of de novo pyrimidine or purine synthesis inhibitors,
such as methotrexate, by blocking the salvage of exogenous
nucleosides by a tumour. The ideal nucleoside transport pheno-
type of such a umour o be subjecied 1o this treatment would be
cne in which the NBMPR-sensitive nucleoside carrier
predominated.

Inconclusion, the findingsoutlined in this article have illustrated
the diversity in the number and types of aucleoside transporter-
mediated processes inanimal cells. Such heterogeneity has been
revealed by a number of approaches, including, (i) kinetic and
substrate specificity studies, (i) the use of inhibitor probes, {11i)
replacement of Na* in the incubation media to impair Na*-
coupled nucleoside transport, (iv) labelling of carriers with
antibodies, and (v) the use of mutation/selection techniques o
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generate cell lines with specific transport deficiencies. Further
diversity is likely to bacome apparent with the application of
molecular biology iechnigues. Although considerable progress
has been made in describing the types of nucicoside ransporters,
we are still a long way from understanding the mechanisms of
transport and whether the observed diversity in nuclegside
transport can be utilised to devise effective therapeutic regimes.

Simon M Jarvis
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Analysis of synaptic kinetics with fast
cyclic voltammetry

Knowledge of neurotransmiiier receptors has grown explosively
in the last two decades. Each known neurotransmitter is now
known 10 act & ai least three different recepiors; and in the case
of serotonin, for example, ai leasi scven recepior sublypes are
known o exist. Along with this recepior information explesion,
there have been major developments in microanatomical tech-
niques which have challenged our orthodox ideas ahom axons
and dendntes, and have shown that multiple wansmiiicrs may
reside in & single presynaptic varicosity. However, while these
pharmacologcal and anatomical studies of synagiic transmission
have made many advances, physiological analysis has lagged
behind. Patch clamp sidics have of course greatly increased our
knowledge of son channels in membranes and how iransmitiers
trigger intracellular second messenger sysiems, but what is
missing isprecise information about the time course of transmitter
release and the ways in which aptake and autoreceplors can
control and regulate the ransmission process. These processes
of “synaptic kinctics” are of fundamenial imporiance in synapiic
transmission processes and an undersianding of them is essential
if we wish 10 unravel the ways in which muliiple transmitiers
and receplors may inieract at a complex synaplic site.

Animportant question relating o synaptic kinets concerns the
role of uptake processes. Uptake, rather than enzymic
inactivation, seems to be the main means of transmitter inacti-
vation in the CNS, and so the kinetics of this uptake may be an
importam determinant of transmitter action. We can imagine
two limiting cases. One is that the uptake process is extremely
effective and normally acts within the synaptic cleft o prevent
any leakage whatsoever of transmitter out from the clef. In this
model, ransmitter would be released and taken back up into the
presynaptic endings without any significant diffusion into the
extracellular space. Just as the fast-acting acetylcholinesterase
althe skeletal neuromusc ular junction destroys some synaptically
reicased ACh before it has had a chance 10 combine with the
postsynaptic cholinergic recepeors, so mightintrasynaptic uptake
processes control the acoess of ransmitters (o yeceptors in the
CNS. Extrasynaptic receptors would only be activated if the

normal balance between uptake and release processes was
dissurbed in some way and the release processes overwhelmed
the uptake. The extrasynaptic (aatoreceptors) could then act o
downregulate the release process (or upregulate the uptake
process) 10 restore aquilibrium. The other limiting case would
be when the uptake is slow relative (o the diffusion processes
around the synapse, and so the concentration of transmitter
insxie and outside thecleft iscontrolled mainly by these dif fusson
processes and not uptake. in this case, wansmitier concentration
outside the cleft would be monotonically related 1o that inside,
and antoreceptor actions would play an integral part in the
normal mechanisms terminating transmitier release. It is
obviously important 0 know which, if exther, model best applies
al a particular synapse before one can sensibly analyse data
involving blockade or enhancement of uptake processes.
Furthermore, application of exogenous agonists, whether hy
iontophoresis or otherwise, is of course initally inw the exua-
synaptic space. Exogenous agents, therefore, will always activale
extrasynaptic receptors before and ot a grealer intensity than the
intrasynaptic ones. This reversal of the normal time course and
gradient of receptor activation might have profound effects on
the post-synaptic response of the cells. (The above arguments
are predicated on the idea that “orthodox" synapses with a close
apposition of presynaplic and postsynaptic membeanes do indeed
exist in the CNS; this idea, however, has been questioned. Some
authors belicve that some transmitters, in particular amine trans-
mitters like dopamine or serotonin, may be released in a diffuse
way into the extracel lular space, o act like a“neurobormone” in
a restrictedd region of the CNS.)

These problems of the relative efficacy of endogenous and
exogenous transmitter and of the significance of uptake processes
can be atacked only if we have a means of measuring the release
of endogenous transmitter rapidly and in a spatally specific
way. The development of the carbon fibee microclecrode
(Armstrong-James & Millar, 1979) and fast cyclic voltammetry
(FCV) (Millar er al, 1981) has hrought us slightly nearer to this
goal. FCV is anciccurochemical wechnigue that involves oxidation
or reduction of a substrate material in an electrolyte solution.
Such a material is called “electroactive”. Oxidation is loss of
electrons, and when an electroactive material is oxidised at an
anodic (electron-deficient) clectrode in solution the lost electrons

38




are taken up by the electrode and produce an increase in the
anodic current. The eleciron flow will be proportioral o the
amount of material oxidised, which in turm will be related to the
concentration in the solution. Dopamine is electroactive, and
most of the FCV research so far has involved studies on the
release of dopamine in anaesthetised animals or in brain slices.
Other electroactive materials include noradrenaling, adrenaline,
serolonin, certain peptides (for example ADH and the enke-
phalins) and a few other matenals found in the extracellular
space of the CNS§, forexample ascorbic acid and uric acid. Nitric
oxide has recently been found 10 be electroactive and it 100 can
be detected using FCV.

The speed at which the measurement can be made will ultimately
depend on the kineiics of the elecirochemical oxidaiion process
itseif. Fortunately, such electron-transfer reactions (formaterials
of physiological imerest) usually have time constanis in the
millisecond or sub-millisecond range and so deiection on &
millisecond time scale is in theory possible. However, 1o make
a new measurement it is necessary to remove the oxidised
material deft afier a preceding measurement, and this is wherc a
major problem lies. Having been driven through one oxidation
step, many eleciroactive materials will then widergo further
reactions and adsorb onto the clectrode surface. This will poison
the surface and prevent further analyses. FCV solves this by
driving the voltage at the detecting (working) electrode back to
ancgative potential immediately after the oxidation has occurred.
This nommally re-reduces the oxidised material back w its
original state, in which form it can diffuse away from the elec-
trode. The electrode therefore does not posson and can be used
for another assay immediately. One might think that the casiest
way 10 produce this oxidation/reduction cycle would be 1o have
abipolarsquare wave applied 10 the working electrode. However,
there is a problem here of arefactual stmulation. It would
obvicusly be undesirable if 2 waveform that was designed 10
analyse the electrochemical environment of the clectrode were
also to act as an clectrical stimulation for the nearones. Square-
waves will inject an unacceptably high current into the tissue
through a capacitative like that of a mngsten or carbon fibee
electrode. The drive waveform nomally used in FCV |, a tri-
angular “W” shape lasting 15 ms is a compromise between
speed of analysis and the need 0 avoid stimulation of the
surrounding cells. But how doesone know if the drive waveform
has sumulated the cells or not? One answer is to record their
clectrical acuvity. The carbon fibre microekectrodes used for
FCV have tip diameters of 7-8 um and can also be used for
extracellular mult or single-unit spike recording. Because it is
impossible for an amplifier 10 be smultaneously a vollage
amplificr (for spikes) and a current amplificr (for FCV), the
clectrode must be switched between the two modes of operation.
In some commercial FCV amphifiers (eg Millar Voltammeters)
this is done automatically. The current amplifier is switched on
for 40 ms during cach FCV scan. So if, for example, the scans
were wriggered at two per second, there would be 460 ms in
between scans where the electrode would be swilched 1o vollage
follower mode for spike recording. Of course, this facility for
unit recording i5 useful in its own right, enabling the researcher
10 mvestigate, for cxample, the response of newurones toa known
dose of enddogenous or exogenous dopamine (Williams & Millar,
1990).

The carbon fibre microelectrodes cannol be inserted into synaptic
clefis, so they can only detect transmitter when it “overflows”
from synapses. The fact that the electrodes actually can detect

endogenous transmitter in the brain argues that the first model
of uptake discussed above (where the transmitter is taken up
wholly within the synaptic cleft) must be strictly incosrect.
Transmiter must spill out o some exient from clefts after
activity, at least when this activity is produced by electrical
stumulation of the presynaptic axons. However, although FCV
has been highly succcssful st detecting transmitier release
following electrical stimulation of brain ussue, it has so far been
unsuccessful (unpublished data) in detecting transmitier overflow
following adequate stmulation in anaesthetised animals of in
detecting spontancous transmitter release in freely moving
animals. This might mean that the exceptional circumstances of
electrical stimulation, involving the synchronous activation of
large numbers of presynaptic axons, may ptoduce conditions of
transmitter overspill which are not found in normally working
synapses. Apart from this restriction o ananalysisof electrically
stimulated synapses, there are several other problems with FCV.
ltcanbcaneuspcratmgwchnmwwc,sclewochwmal
sigrals can almost always be obtamed from a given experiment;
but discovering what they mean in terms of transmitter release
is another problem entirely! The speed of the analysis, while it
givesthe technique avery good time resolution of electrochemical
events, often makes it difficalt to distinguish between different
clectrochemical materisls. Changes in the tissue unrelated 10
electroactive wransmiters, for example changes in pH of fssue
impedance, can mimic or mask the signals from transmitier
release. Despite these caveats, however, it is difficult not to be
opumistic about the future of FCV research. It appears (o offer
atool, albeit an imperfect one, to pierce the shroud of ignorance
that covers our knowledge of synaptic kinetics in the CNS,

Julian Millar
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Volume transmission in the spinal dorsal
horn: role of neuropeptides in spinal
nociceptive

Swmmary of a iecture given at the Designated Session
of the Somatosensory & Motor Physiology Group at the
Oxford Meeting (July 1992)

Itwasiong believed thatinformation exchange between neurones
would take place at synapses only, where the presynaptic nerve
terminal stores transmitter substances in vesicles and comes into
close contact {within a fow nanometres) with the postsynaptic
membrane of the effector cell where there is a high density of
specific membrane receplors for the particular neurotrans-
mitter(s). The exocyiosisof the neurotransmitier into the synaptic
cleftis followed by a rapid inactivation of the transmitter mole-
cules which is a prerequisite for relatively high rates of signal
transmission between nerve cells (fast synaptic transmission).

39



7

space (Duggan ef al, 1990) and
even in the cercbrospinal fluid
after strong and long-lasting
excitation of primary afferent
nocicepiors, eg following trauma
or inflammation of peripheral
ussues such as skin. This suggests
that under cenain patho-physio-
logical conditions volume Lrans-
mission may also play a role in
the spinal cord.

To susdy the effects of volume
trunsmission in the spinal cord,

Fig 1 Schemavic diagram illusiraiing some aspects of the concepl of
“volume transmission” . The open arrow ai A indicales
nesroiransmitler release at a specialised synaptic junction. If
inactivation mechanisms are salurated, eg by excessive release of
transmatier due 0 iong-iatting high freguency discharges of the
presynGplic merve terminal {grey), newromediator molecules, such
as peptides or monoamines, may diffuse via the extraceliular fluid
to distamt target sites indicated by filied arroms al B. Possibly,
neuromediators could also be réleased from mon-synaplic sites
(arrows ai C). Long-lasting high-frequency discharges of a
newronal popuiaiion may change the conceniraion of ions in the
extracellular fluid {arrows at D). Jons could then also diffuse to
distand targes ceils.

Recent evidence suggests thal neuromediiors (neurotransmitter
and ncuromodulators) which may be released from synagtic and
from non-syraptic sites (bowons en passant) may diffuse viathe
extracellular fuid o target cells distant (in the micromelre o
millimetre range) from the release sites, This mode of inter-
cellukar communication has been termed “volume transmission”
{Agnati ¢r al, 1986), because here the chemical signals are
conveyed via the volume of the extracellular fluii (see Fig 1).
Thus, volume transmission summarises all exirasynaptic modes
of chemical transmission in the nervous system, including the
concepts of paracrine secretion in the beaun and local humoral
communication (Agnati efaf, 1986). Chemical signals involved
in volume transmission arc neuropeplides, trophic factors,
inoeganic ions, biogenic amines and even classical ncuro-
transmitters if they are diffusely distributed in the extraceliular
fluxd of a particukar arcaof neuronal tissue. For neurotransmitters
this may be the case if, afier excessive release, inactivation
mechanisms are saluraled,

Obviously, the concentrution achicved several hundred micro-
metres distant from the release sites will be considerably lower
than those concentrations which may be gained within the
synaplic cleft. Thus, high-affinity binding sites for neuro-
mediaors are the most likely candidates 1o mediate the cffects
of volume transmission. Despile the diffuse presence of the
chemical signal, binding to high-affinity receptors - which may
have a very distinct histological distribution - will resuil in a
high spatial order of action. Yoleme transmission may be
suspected if a ligand/receptor mismatch exists, ie if the histo-
logical distribution of storage siics for a neuromediator does not
malch the distribution of any of its known binding sites and if the
chemical signal is present exirasynaptically at biologically
effective concentrations.

In the spinal cord a ligand/receptor mismaich exists to some
degree for ncuropeptides such as the tacchykinins (Helke et al,
1990) and some neuropeptides can be desected in the interstitial

the effects of strong excitation of
primary aiferent nociceptors may be assessed and compared
with the effects of the controlled superfusion of the coed dorsum
wiih the appropriate neuromediator candidades (see Fig 2). For
the relatively large cord dorsum of the cat we have construcied
a perspex chamber which fits over the dorsal surface of the
lumbar spinal cord (Sandkilhler & Zimmermann, 1988).
Complete scaling is achicved if the chamber is placed on top of
a ring of silicone grease. The contents of this chamber can be
exchanged completely within seconds through polyethylene
tubings without interfering with the quality of the single cell
recording undemneath the pool. For the relatively small ral spinal
cord we have synthesised a special silicon rubber which remains
viscous for approximately 20 minutes after all componcats have
been mixed wgether (Sandkhler et af, 1991). During this time,
he paste can be applied to the cord dorsum to form a well of any
size and shape and with complete sealing. No cffects on the
impulse conduction in fibres of passage nor on posisynaplic
potentials were detecied by applying this pool to the cord
(Sandkihier et al, 1991).

Following superfusion of the rat cord dorsum for 30 minutes
with a single dose of ™I-labclled Newrokinin A, significant
radioactivity was detecied up 10 a depth of 1S mm below the
dorsal surface of the cord. Tissue concentrations of [*1]-
Newrokinin A in the dorsal hom may be two to three ceders of
magnitude lower than those in the superfusase. Since significantly
Jess labelling was observed when the cord was superfused with
a single dose of 15 or 60 minutes, we always wsed 30 minuie
periods for superfusion. Considerable amounis of radioactivity
were detected in the urine, especially following the 30 and 60
minute superfusions (Beck et al, 1992). We therefore do not
recommend continwously exchanging the pool contents or
significantly enlarging the exposed cord surfsce, eg by
superfusing the dorsal and ventral cord if a local spinal effect is
10 be achieved.

The functional consequences of the relecase of numeroas
neuropeptides and other neuroactive substances into the
inierstitial space of the sprnal cord isnotknown. ‘The observation,
however, that a strong excilation of nociceplors is necessary,
both for the induction of some forms of long-lerm plastic
changes in the spinal dorsal hom (Wooll & King, 1990) and for
a detectabic release of ncuropeptides into the extracelular Duid,
suggesis that volume transmission may be involved in the
induction of newronal plasticity in the spinal dorsal hom. Possibly
the synaplic strength within some neuronal pathways is modified
as ncuropeplides which are endogenously relcased in the spinai
covd such as substance P and calcitonin gene-related pepiide are
capable of modulating the hasal efflux of endogenous aspariate
and glutamaie (Kangra & Randic, 1990). Further, substance P
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may enhance the excitatoey responses of spinothalamic tract
neurones mediated by NMDA -receptors (Doughenty & Willis,
1991). Volume transmission of ncuropeptides in the spinal
dorsal hoen should not affect single celis only, but should rather
influence the properties of a population of neurones and the
function of the neuronal network in the dorsal hom. Opening of
a positive feedback loop which involves nocicepiive neurones
could result in enhanced and prolonged responses (o noxious
stimulation. Opening of an excitatory connection between
multireceptive neuroncs would result in an additive cifect of
iheir recepiive fields (Eblen-Zajjur & Sandkilhler, 1991).

To test these hypothescs, we have made multiple single neurone
recordings in the spinal cord via a single, low impedance mung-
stenmicroelectrode in male adult rats under deep pentobarbitone
anacsthesia (Fig 2). The shape of cach action potential in the
mullineurone recording was delermined on-line by cluster
analysis and assigned to individual ncurones. The cross-
corrclograms of the background activity of simuluncously
recorded newranes were determined before and aller strong

input suprathreshold (Woolfl & King, 1990) but also results in
additive cffects on the receptive ficlds of neurones located in
close proximity o cachother (Elben-Zajjur & Sandkthler,1991).

An obvious next step is o superfuse the card dorsum at the
rocording sites with putative neuromediators of these plastic
changes. We have started this senes of expeniments with the
ncuropeptide somatostatin, as the role of somatostatin in spinal
nociception is highly controversial. Some authors believe it
mediates spinal nociception whereas others have reporied that it
inhibstsspinal nociception. Inourexperiments, spinal superfusion
with somatostatin (1 or 100 M) at the recording sites has todate
not produced an expansion of the cutancous mechanoreceptive
fields, nor has it generated bilateral peaks in the cross-
correlograms,

To wst whether somatostatin mediates the acute effects of
pociceptive stimulation we have used two approaches. First,
poxious but not innocuous stimulation, eg of the skin of a
frontpaw, always produces a strong heterosegmental inhibition

Fig 2 Experimental sel-up to study

Volume Transmission
in the Spinal Cord

the gffects of volwme transmission
in the spinal dorsal korn,
Endogenois release of a migwe of
newropeptides may be avoked by
siroag excilation of fine primary
afferent nerve fibres, eg by

Multiple single nouron
recordings, coherence of
discharges

inflammation of the skin. The
conirolied superfusion of the cord
dorsum is wsed Io study the effects
of selecied pepiides on ihe newonal
network underneath. Single and

multiple mewrone recordings and

immunocytochemical detection of
products of immediate-early-genes
(IEGs) are empicyed 1o dewrmine
shori and long term effects of
exdrasynaplic neuropéplides in the
spinal dorsal horn,

excitation of primary afferent nociceptors (heat-induced infla-
mmation of the skin close to the cutancous recepive fields of the
neurones under study). With the skin inflamed 8 out of 18 pairs
of neurones had cross-correlograms with bilateral peaks but
only 2 out of 62 pairs of ncurones when the skin was intact
(Eblen-Zajjur & Sandkiihler, 1991). Inacomputer simulation of
a simple neuronal network, bilateral peaks in the cross-
correlograms could casily be produced by opening a positive
feedback loop. Thus, these findings are consistent with the
hypothesis that reverberating circuits may be opened in the
spinal cord following peripheral trauma,

The cutancous mechanoreceptive fields of 62 pairs of neurones
recorded simultancously at the same site in the spinal dorsal
hom did natoverlapin 12.6% and partially overlapped in 26.7%
of all pairs of neurones tested. With the sk inflamed the
receptive fields of all pairs of neurones completely overiapped
{Elbea-Zagjur & Sandkithler, 1991). This finding is consisient
with the hypothesis that stimulation of fine primary afferent not
only enlarges cutancous receptive fields by making subliminal

of nociceptive responses, eg in the lumbar spinal dorsal hom. To
15t whether somatostatin may also trigger this heteroscgmental
inhibition, we superfused the cervical enlargement with soma-
tostatin (1 or 100 uM) while recording noxious radiant heat-
evoked responses in the lumbar cord of scven cats, decply
anacsthetised with pentobarbitone. Somatostatin failed w alfect
nociceptive responses in any of the experiments (Sandkihler e
ai, 1993). We then superfused the spinal cord directly at the
recording site. Al 61 pM, somatostatin sclectively depressed
noxious heat-¢voked responses (10 59.7 £ 5.1 % of control, n =
8) without changing innocuous hrush-evoked responses or
background activity (Sandkthier et al, 1990). The slope of the
stimulus-respoase functions for graded noxious skin stimuli
{42 ° 10 52 °C) was reduced 10 48 8 £ 9.3 % of control (n =4 ).
Similar results were obtained by superfusion with morphine &
0.3 or 3.0 mM. The eftects of morphine, but not of somatostatin,
were antagonised by sysiemic naloxone (2.7 nmol 1.V ). Further,
we determined the expression of the proto-oncogene c-fos with
immunocytochemistry (primary antibody at 1:40,000, DAP-
method, free floating sections, one hour survival time after a
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superfusion interval of 30 minules) in meurones of the rat spinal
cord after superfusion of the cord dorsum with artificial
cerebrospinal fluid or somatostatin at 10 or 100 uM (Fig 2). No
significant differences in the number of c-fos posilive cells were
found in the spinal dorsal born following artificiai cerebrospinal
fluid and somatostatin, whereas noxious radiant skin heating or
superfusion of the cord dorsum with substance P (100 M)
produced a strong increase in c-fos labelling in the superficial
and deep dorsal hom (Beck & Sandkithler, 1991). This suggests
thal somatostatin does not mediate the excitatory effects of
noxious skin stimulation. Somatostatin could rather be an
inhibitory neuromodulator in the spinal cord, probably released
not oniy from spinal neurones but aiso from fine primary
afferents.

Jirgen Sandkithler
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Are the mechanisms of long-term
potentiation involved in learning?

Swummary of a lecture delivered at the Society's
symposium for final year undergraduates (Leeds,
Decéember 1992)

The long-lasting nature of the synaptic change induced in Jong-
term potentiation (L'TP) has, ever since its discovery 20 years
ago, Tuelled speculation that its underlying neural mechanisms
might occur during and be mecessary for certain kinds of
leaming (Bliss & Collingridge, 1993). LTP has other properties
analogous to memory in addition o its persisicnce - noably
associativity and input-specificity - these being relevant to the
conditions under which behavioural learning takes place and 1o
information storage-capacity, respectively. An additional reason
for interest is because the idea that changes in synaptic efficacy
could be the basis of memory has a loag history, having first
been mooted in a Croonian Lecture to the Royal Society in 1894
by Ramon y Cajal,

‘The phenomenon of LTP is well known 10 physiologists. First
reporied in detail by Bliss & Lomo in The Jowrnai of Physiology
in 1973, LTP refers w the long-lasiing, synapse-specific
enhancement of synaptic efficacy that can be induced by pairing
presynaptic activity with postsynaptic depolarisation. A typical
LTP experiment consists of three phases: (1) a baseline period
of low-frequency stimulation during which the early rising
slope of postsynaptic potentials are measured over a delined
period {eg 10 minuies); (2) a brief period of high-frequency,
high-inensity tetanic stimulation (somctimes as shori as
100 mg); and (3) a longer period of low-frequency stimulation
during which the consequences of the brief telanic stimulation
are measured (gencrally for 1-2 hours or, in chronic recording
preparations, over days). While first studied in vivo, L'TP is now
commonly studied in viiro using slices of hippocampal or
corucal tissue. Numerous siudics have explored the phenomenon

and we now have a reasonably good understanding of the mech-
anisms of its induction. Several of the physiological ¢harac-
teristics of LTP, such as associativity and input specificity, can
be understond in weoms of the duai voliage- and Tigand-gated
propertiesof the N-methyi- D-aspartate receptor. Our knowledge
of how L'TP is expressed continues, however, to be a focus of
dispute and uncerwinty.

But does LTP play any role in lcaming? Or, 10 puat the 15suc more
exactly, are the neural mechanisms underlying the physiological
phenomencan of LTP activaled during leaming and necessary for
formation storage in the brain? The gist of the idea is as
follows. Suppose a rodent wanted to remember where its burrow
was located. Different viewsof and smells from the surrounding
enviroament would, presumably, be represented incenan regions
of the brun as distinct patierns of neural activity as the animal
explored the scene. Sensory stimulation in the immediate
neighbourhood of the burow would occur at closely relaed
points in time and, through the property of associativity, resull
in strengthened synapses between co-active neurons. While the
functional effectofl these changes would, of course, depend very
muxch on the exact ncural circuitry in which they occurred, it is
reasonable 10 suppose that one consequence would be that the
animal could retrieve a memory of the sensory cues around his
burrow from those available some distance away. This capacity
to remember what something looks or smells like in the absence
of many of the sumuli of which that scene is composed,
reminiscent of Hebb’s cell-assembly concept (see Milner, 1993),
isa crucial constituent of memory and partof any sysiom that the
animal might use to navigate accurately hack home.

Three main experimental predictions have been examined 1o
test the possible role of LTP in leamning: (1) there should be some
overlap between the behavioral charactenistics of learning and
the known physiciogical properties of L'TP; (2) certain types of
icarning should be impaired when LTP is blocked sciectively;
(3)LTP-like synaptic changes should occur when animals learn,
We shali consider these in tum.
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Is there any overlap between the characteristics of
learning and the physiological properties of LTP?

One imporant characieristic of memory is forgetting, LTP aiso
decays 1o its nominal haseline over time. If LTP is the basis of
memory, does its decay underiic the forgetting of information?
Bames (1979) carried owt 3 laboratory study analogous @ the
problem faced by the animal trying to remember its burrow. Rats
were placed once a day on a large circular tabie illuminated by
fairly brigiv lights and given an opportunity to find a burrow
hidden just underncath the cdge of the tabie from where they
couldescape into ihe darkness. Initially, the rats would search all
over the table untii they eveatuaily found 2w got into the correct
burrow but, after a few days, would run straight 1o it from wherc
they had been released ai thecenire. All of the rats had previously
been implanied with indwelling electrodes in order 10 induce
and record LTP in the dentaie gyrus of the hippocampus. Bames
found thai rats which showed slowly decaying LTP learned the
task faster and beiter than rats whose LTP was less persistent.

Another important characteristic of leaming is that we can only
leam $0 much al one silling - after a whike we saturate and can
take in no more. McNaughton et al (1986) have described
experiments suggesting that this phenomenon might also be
explained in terms of L'TP. They induced LTP physiologically
te s asymptote (ie 10 the point where ne more synaplic increase
couid be oblained) and then trained their ras to leam a new
burrow location in the circle maze task. A control group was
subject to similar stimulation of the denue gyrus except that it
consisted of low frequency pattems which did not induce L'TP.
The resuits showed that the rats which had their hippocampal
synapses saturated had great difficulty in Jecaming the mew
location of the burrow - prior sawration of LTP had occluded
leaming. In an ingenious follow-up, Castro ¢t al (1989) have
reported ihat if a two-week waiting pericd intervenes between
ihe saturation of LTP and the subsequent retraining phase of a
spatial task, learning then proceeds normally. They argue that
the crucial variabie is allowing sufficicnt time for the saturated
synapses o decay gradually back w0 baseline. Unfortunately,
work inother iaboratories, including my own (Jefiery & Morris,
1983), has had difficulty replicating these occlusion findings. In
our hands, repeated episodes of high-frequency stimulation
suificient 10 produce as much cumulative LTP as that in
McNaughten's experiments fail to affect spatial leaming. There
are several possible reasons for this discrepancy. One is that the
difficulty of finding the place in the angular bundic of the
periorant path where a large proportion of the afferent fibres can
be activated. This is vital because, if only a subset of alferent
terminals are saturated. it would not be surprising that learming
fails to be occluded by prior sawration of only part of the
hippocampus. However, an altermative possibility is that
saturating LTP really does have no effect on spatial kearning - an
implication which would be potentially damaging for the
hypothesis. Further research on this conundrum is underway.

Are certain kinds of learning impaired when LTP is
biocked selectively?

“The fact that most forms of L'TP require the activation of NMDA
recepiors suggests a second avenue for investigation. Morris e¢
al (1986) examined this issue wsing Z-amino-5-phospho-
novalerate (APS), which isa potentand highly selective amagonist
of NMDA receplors. Unfortunately, APS does not crass the
biocod-brain barrier very effectively. However, by implanting
small osmotic minipumps containing APS under the dorsal skin

surface and leading a small catheter w the lateral ventricle of the
brain, we were able w0 infuse APS direclly into the brain over
14 days - hopefully creating a situation where fast neural
transmission in regions such as the hippocampus was normal
excepting that patterns of activity which would normally induce
synaptic changes are unable 1o do so. During the drug infusion
period, we attempied to train these rals in a spalial Jearming task
in which the animals have to swim through cold waier in scarch
of a hidden escape platform located at one spot jusi under the
water surface. Normal and control rats learn this water maze task
very rapidly, swimming from any starting position directly o
the location of the platform. Rats treated with APS were impaired.
Ina series of experiments(see Momis et al, 1990), my collcagucs
and 1 have investigaled the physiological @and behavioural
selectivity of this APS-induced learning impairment in various
ways. For example, the leaming deficit has a similar dose-
response peofile o that of L'TPin vive and occurs at approximately
the same extracellalar concentration of APS in vivo as that which
blocks LTP in the in vitro hippocampal slice, In addition, we
have found that APS does mot impair all leaming lasks and,
specifically, fals w aflect visual discrimination keaming. This
laer finding has two implications: first, thatat the concentrations
we are using, (he drug cannot be impairing the animals” ability
10 see or 10 move around properly and thus the spatial leaming
deficit cannot be secondary 10 such changes; second, that LTP
might only be involved in selecied Lypes of leaming - such as
those mediated by the hippocampus.

Noi ail experiments have Jooked at spatial keaming. Rawlinsand
his colleagues (persenal communication) have recenily made a
direct comparison of APS with hippocampal lesions on a range
of non-spatial tasks which are differentially affecied by hippo-
campal lesions. Strikingly, they find that tasks impaired by
hippocampal lesions are also impaired by intraventricular
infusions of APS, while tasks spared by such lesions are also
unaffected by the drug. Inanother setof experimenis, Miserindine
et ai (1990) have examined a phenomenon called “fear-potent-
iated startle” which is known to depend on circuitry through the
amygdala and brainstem. Rais show a pronounced siartle reaction
tolowd sounds; this reaction is amplified if the sound is presented
ata tme when the ral has otherwise been made fearful, such as
by the immediately prior presentation of a second stimulus such
as a light previously paired with weak eleciric shock. These
experimenicrs wondered if the NMD A recepiors found in ceriain
regions of the amygdala were responsible for leaming this fear-
polentiating effect. Ina series of studies, they firsi demonsimaied
that local infusion of an NMDA antagonist into the amygdala
impaired the task and then examined whether this was dueto a
direct effect upon the learning process of due to various non-
associative processes. The results were clear cut: the drug had no
effect on sensitivity 1o light, sound or shock, but did sclectively
impair leaming,.

Pharmacological studies have several drawbacks. Despite
everyone’s best efforts 10 control for them, there are always
sidc-cffects that could be contributing 10 the behavioural changes
observed. This is particularly problematic with NMDA
antagonists because of the presence of NMDA recepiors in
many circuits throughout the brain where they are involved ina
myriad of different functions in addition to any role they might
have in leaming.

Aradically different experimental strategy is to make transgenic
animals in which proteins which are putatively involved in some
critical aspect of L'TP have been deleted. Silva et al (1992a,6)




have recently used this gene “kneck-oui” technique and
discovered that mice muiant for the o sub-umit of calcium-
calmodulin dependent protein kinase type 11 (cCAMKII) are
deficient in LTP and also display what appears to be & selective
learning impairment. Pharmacological techniques are, however,
much simpier (and faster) than this molecular engineering
approach and the use of other drugs 1o control LTP than NMDA
aniagonists (g glycine agonists and antagonists, inhibition of
selected proicin kinases, calpain inhibitors, ¢wc) is clearly
desirable. If drugs could be found to improve L'TP and if these
also improved memory, it might even he possible 10 use these
clinically to alleviate at Jeast some of the progressive memory
loss seen in such crippling conditions as Alzheimer’s disease.
There are now some hints that a class of compounds called
POOLropics may have such properties.

Do LTP-like syraptic changes occur whern animals
learn?

If learning depends upon synaplic plasticity, L'TP-like changes
should occur in brain areas such as the hippocampus and the
cortex and it should be possibie w0 see and measure them,
Unfortunately, matters are not quile so straightforward. One
problem is that if the storage capacity of these arcas is anything
appreciable, which weknow itmust be tohold alifetime’s worth
of information, searching for the synaptic changes caused by a
limited set of training expericnces inan individual animal isa bt
like searching for ancedle ina haystack. McNaoghton & Morrs
(1987) have dubbed this puzzle the “Catch-22 problem of
Ieaming” - the catch being that if a change is found in the adult
brainof venebeates following aleaming expenience, itcannot be
memory! There are other difficulties with the approach aiso.
One is that there have been recent reports that, in axkiition to the
increases in synaplic strength chamcteristic of LTP, synaptic
weakening may occur with certain pasterns of stimulation (Bear
& Dudck, 1992). If this is tree, finding specific changes in
selecied synapses using such gross indicasors as extraceilularly
recorded field-potentials looks remote.

‘The use of anextracel lular recording electrode o record selecsed
synaptic changes is a bit like placing a microphone at the centre
of the pitch of a football game 1o record conversatons in the
crowd. It won’t work. But what it will do, and do very well, is
give an overmall impression of the level of excilement in the
crowd - such as after a goal. The hife of a laboratory ral is not,
shall we say, very exciting, but it does have its moments. And
such a moment might be the opportunity 1o explore an arena
stocked full of interesting oys, smells, and things o clamber
over. Sharp et al (1989) examined what happened o ficld-
potentials during such exploration and found a gradual short-
term increase in the size of the synaptic component of field-
potentials in the dentate gyrus which then declined to baseline
over the next 30 minutes or so. Inlerestingly, they also found a
decrease in the size and latency of cell firing, indicating that the
apparent synaptic change was not secondary to some alteration
in neural excitability. They suggested that both changes may
represent alierations in synaptic efficacy of exciumory al
inhibatory feedforward connections associated with leaming
during exploration. Unforwmately, work by Moser ef al (1993)
has shown thit essentially identical field-poweniial changes
occur when the beain is warmed by radiant heat and that
behavioural exploration is, swrprisingly, associaied with an
increase in brain temperature of upto 2 °C. Exploration-indduced
synaptic plasticity appears to be & wmperature “artefact”. The
resulis of Moser er al serve as a salutary reminder that the brain

does not exist in isoiation from the rest of the body and that
neuroscientists mustconsidier the many aspects of the pivysiology
of the body and brain in experiments conducted in vivo.

Single-unit recording studics offer another, albeit indirect, way
of addressing the question of whether lcaming is associated with
alierations in synaptic efficacy. Do pattemns of neural activity
which arc known to be capable of inducing L'TP actaally occur?
Although it is not possible to examine the specific synaptic
consequences of these patterns, their existence would imply that
sufficient conditions for LTP 10 be induced have been met. Otto
et al (1991) have reported that single units in the CAl region of
the hippocampus display short pattemns of burst firing during
leaming, spaced at what we know W be exactly opimum
intcevals for inducing LTP. Pavlides & Winson (1989) also saw
similar patterns in animals exposed for long penods 1o areas of
a familiar environment where place-cells, which are cells
responsive 1o feaures of the eaviconment (O'Keefe, 1976),
fires frequently. Interestingly, they also found that, during kiter
periods of REM (rapid-eye movement) sleep, these same place
cells fired more ofien than place-cells responsive in other non-
visited areas of the environment. This extraordinary finding
hints at the possibility thal the burst firing is consolidating
information in fong-term memocy and that even rals “dream”
about the places they have recently visited! Finally, Cahusac
et al (1992) have shown that the firing of hippocampal cells to
a visual stimulus (as againstelectrical stimulation of the perforant
path) is enhanced following pairings of this stimulus with
iontophoretically applied gluamate.

Conclusion

Is LTP involved in kcaming? The truth is that we siill do not
know. It docs scem that activation of iis underlying neural
mechanisms is required for ceriain forms of leaming, but such
evidence willultimaicly only be persuasive when complemented
by evidence that synapiic changes accompany such learning.
One obstacie to current rescasch is that we are still very ignorant
abouthow information is represenicd as spatiotemporal patierns
of neural activity in the vericbeaie beain, and how synaptic plast-
icity inicracts with activity in different neural circuits to realise
ithe pariicular types of information processing that then oceur.
Computational models of how the activity of neuronsembedded
in particular types of ncural architecture mieract with specific
mechanisms of synaplic plasticity will be an important comple-
ment io cxperimenial work of te kind summarised above.
Richard GG Morris
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MICROELECTRODE TECHNIQUES FOR CELL PHYSIOLOGY
10TH WORKSHOP 8-22 SEPTEMBER 1993

Information for applicants

The workshop provides intensive practical experience of a number of microelectrode, patch clamp and optical technigues applied to single
cells. It is intended for posigraduale students, postdoctoral workers or established scientists wishing to apply these techniques in their
research, The following techmiques are offered: two elecirede voltage clamp; paich clamp; single electrode voltage-clamp; dye
Injection; lon-sensitive microelecirodes; and Muorescent indlcaiors.

There are 16 places, Participants work inpairs and havethe opportunity to do three 3-day expenimentsin the iwo weeks, In addition, lectures
and practical sessions of electrosics, data acquisition and computer analysis, and microscopy will be given, Daily lectures from teachers
on the course and visiting lecturers cover the basic iechniques taught and cerain specialised togics. A copy of the Plymouath Microclectrode
Handbook will be provided,

Accommodation (for 14 nights - arrive and depart on Wednesday) is close to the laboratory and inciudes breakfast; lunch is provided in
the Iab each day and an allowance is given for an evening meal.

The course fee of £975 includes accommodation, meals and wition. Participarts are responsible for their own travel arrangements.
The closing date for applications is 20 April 1993,

Applications will be acknowiedged on receipt. Please provide two self-adkdressed envelopes. Applicants will be notified of the outcome
in May.

How to apply

1 There is no form. Give 2 concise description of your research, your reasons for wishing to aitend and your experience of technigues
taughi on the workshop. List in order of preference four technigues you would like 1o leam.

2 Provide a brief CV, including list of publications {two sides maximam, no reprints please).

3 The application must be sccompanied by a Jetter of recommendation from an academic referes, preferably PhD supervisor or Head
of Laboeatory. This letser should indicate how yosr career, the laborgtory in which you work and the arca of research that you intend
o pursue will benefit from your participation in the workshaop.

4 What is your likely source of funding?

Funding

MRC,SERC ard NERC Siudentships - applicanis with Research Council studeniships are funded once accepted for the workshop - simply
state you have a studeniship in your appiication. Do not apply to the Rescarch Council directly.

Dale and Ruston Funds of The Physiological Soctery - help with funding (up 1o £500) is usually available for young physiologists working
inthe UK. If you wish 1o apply, please simply indicate in your application to the workshop. There is no need to apply directly - application
will be made on behall of candidaes accepied for the workshop,

Bursaries - The workshop can provide some nalf bursaries. If you think you will have difficulty finding the full fee, please indicute in your
application,

Please enclose two small addressed envelopes with your application. Applications should be sent to:-
Dr D Ogéden, Neurophysiology, NIMR, The Ridgeway, London NW7 1AA, UK, fax: (081) 906 4477
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Events Organised or Sponsored by the Society

IUPS Congress, Glasgow 1993 - Pubs and
Clubs in Glasgow

For those long summer evenings after a “surfeit of science” you
may wani to wind up/down or even continue your discussions al
one of Glasgow's pubs or nighickibs. There are ceriainly plenty
to choose from bui some have pariiculars feaiures which meril
a special visil

The City Centre, unsurprisingly the shopping and business
heardand of Glasgow, has many upmarket watering holes
frequented by the discemning businesscommunity. The Horseshoe
Bar and Restaurant (Drury Street) has the distinction of having
the longest island bar in Europe and its decor includes beautiful
etched glass. Appropriately for a bar in the business community,
the Drum and Monkey (St Vincent Street) used to be a bank. The
bevelled counter still stands, now used o draw beer rather than
money - giving @ new meaning 10 “the wages of sin”? Remaining
with unusual foemer lives, De Quinceys (Renfield Street) was
once the premises of the Prudential Insurance Company. When
the building was renovaled, beautiful Viclorian tiles were
uncovered and were retained as an unusual decorative feature of
the new business.

If you prefer a more antistic environment, take a trip east o
Glasgow’s Merchant City. Babbity Bowster’s (Black friars Street)
has regular poctry readings and performances of folk music. It
has pleasant latice windows and serves huge measures of
Spirus.

The Rogano (Exchange Place) is special for its 1930s art decor
interiar, identical 1o that which graced the Cunard liner, the
Queen Mary. This ship is connecied with Glasgow because it
was built on the Clyde.

For those with a taste for strong ale, the Bom Accord (North
Street) & Charing Cross sells many speciality beers. With names
like Oldd Peculiar and Green Man on draft - how can you 2o
wrong?

Near the SECC, and therefore bui a sione’s throw from the
Posier Session, the North Torunda (Tunncll Sirect) is aresiaurani/
bar complex built in the converied elevator shaft for the old
Clyde Tunnel.

Moving west to the Glasgow University area there are many
pubs that service the student population. For a tasie of the Gaelic
way of life wry the Ulisge Beatha (Woodlands Road). Uisge
Beatha (pronounced ushcabe) is Gaelic for “water of life” which
of course means whisky. All the barmen wear kilts and a novel
decorative feature is the manielpiece piled with conply shoatbread
Lins.

Byres Road has many pubs up and down its length. Whistler’s
Mother serves huge cappuccinos. [ts walls are plasiered with
posiers and cuttings with a decidedly European theme. Iis name
may hoaour the celebrated American artist James McNeiil
Whistler who was of Scottish descent. Glasgow University was
bequeathed the coments of his studio at his death; these are now
displayed in the Hunierian Museum. Curlers is convenienily
siluated next to Hillhead Underground Station. Named after the

game (curiing), Curlers is a “Glasgow University institution”.
Its decor has changed several times in the last few years; it
currently favours marbled table tops with wrought iron legs. It
also has the distinction of being the oldest public house in Byres
Road.

The Ubiquitous Chip (Ashion Lane) is one of Glasgow’s maost
famous restaurants. Upstairs from the main restaurant is a wine
bar popular with the artistic and academic communities. Codtiers
wine bar (Hyndland Street) is a new establishment fast becoming
popular. Tt is part of a complex situated in converted Dowanhill
Parish Church.

Nightclubs are Jocaied for the moest part in the City Centre.
Yicioria’s (Sauchichall Street) is open 7 days a week until
3.30 am. Mardi Gras (Dunlop Street) has 8 moving dance floor
and is open from 10.30 pm to 3.00 am Friday and Saturday. The
Riverside Club (Clyde Street) is a departure from the normal
disco and hosts ceilidhs (a great Scottish social institution) froem
7.30 pm Friday and Saturday nights. Or if you want 10 gambie
there is a Princes Casino (Sauchichall Street) which opens its
doors at 2.00 pm until 4.00 am every day except Sunday when
they open at 7.30 pm.

The West End's most famous nightclub is Cleopata’s (Greal
Western Road) and is open from 11.00 pm to 3.00 am every day
cxcept Tuesday. The Volcano (Benaider Swreet) specialises in
Latin American, reggae and World music.

Many Glaswegians would argue with the choice of pubs and
clubs mentioned in this article because it may not include their
own particular favourites. You wo after visiting Glasgow may
also disagree. However, pubs and clubs abound and there is sure
ta be one somewhere 10 suit your personality and pocket.

Heather Gibson

Designated Sessions at the Leicester
Meeting

Epithelia and Membrane Transport Special Interest
Group

The Epithelia and Membrane Transport Group i5 a new Group
formed from the mesger of two other Groups in the Society. Both
the Epithelial Physiology and the Membrane Transport Groups
have had successful Designated Scssions at numerous Sociely
Meetings over the past few years. At the instigation of the
Commiliee, a review of all the Special Inierest Groups wok
place last year and it was decided opportune 1o merge these tlwo
Groups. The proposed merger of the two Groups met with
considerable enthusiasm from their respective members, much
due to members being comfortable in submitting abstracts 10
eitherof these Special Interest Groups, Inthe past, the Designated
Sessions have been considerably lively with a knowledgeable
audience willing to discuss the Communications. Therefore, the
merger appears an obvious step and it is hoped thas the merged
Group will build upon the success of the individual Groaps.
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During the Leicester Meeting, Professor Ron Borchasdt from
the University of Kansas will be delivenng a Plenary Lecture
eniitled “The use of cultured intestinal epithelial cells (Caco-2)
10 study the vectorial transport of bileacids”. Professor Borchardt
has gained immense respect in the field of rarsport, mainly in
anapplied area, by his use of cultured gastrointestinal and brain
endothelial celis to reconstitute intact epithelia and endotheliain
witre in order to uncover basic miechanisms of the barier
properticsof these two tissues. At the Leicester Meeting Professor
Borchardt’s Jeciure will concentrale on the transport of bile
acids across cultured epithelial layers of human intestinal Caco-
2 cells. An abstract of Professor Borchardt's kecture is presented
below.

Atthe Meeting there will also be a short business meeting where
the future events organised by the Group will be discussad. In
particular, it is hoped that members of the Group will provide
new ideas for activitics of the Group including suggestions for
picnary leciures. Also, it would be appropriaie 10 discuss the
ficeiing of the members for the frequency of the Meetings of this
Special [nicrest Group.

Barry Hirst

The use of cultured intestinal epithelial cells {Caco-2)
10 study the vectorial transport of bile acids

Bile acids are produced in the liver and secreted into the small
iniestine whereby virtue of their surfactant activity they play a
role in the intestinal absorption of lipids. After exerting their
action, bike aciis are passively or actively transported across the
intestinal mucosa and recycled back o the liver. This entero-
hepatic recirculation ensures minimal loss of bike acids into the
feces and maximal utilization along the entire length of the small
intestine. While some of the charactenstics of the intestinal bile
acid ransporter have been elucidased (g, structural specificity,
Na* dependency, etc), little information s available conceming
the molecular basis of the vectorial transport of this class of
molecules across the intestinal mucosa. Recently, a highly
polanised human colon carcinoma cell line (Caco-2), has been
developed as a cell culture model of the mtestinal mucosa and
ithas proven useful 10 study nutrsents and drugs of the inlestinal
mucosa and this in virro model has been shown to be useful 1o
elucidate pathways and mechanism of drag and nutrient (eg, bile
acids) transport. The transport of taurocholic acid (TA) across
Caco-2 cell monolayers was dependent on time in cultre and
reached a platean after 28 days, at which time the apical (AP)-
to-basolateral (BL) transport was ien times greater than BL-1o-
AP transport. AP-to-BL transport of TA was saturable and
temperature-dependent. ¥V and K for transport were
13.7 nmol/mg protein per min and 49.7 uM, respectively. The
transport of TA had an activation energy of 13.2 kcal-mol”,
required Na* and glucose. AP-10-BL transpoet of [“CJ-TA was
inhibited by the co-administration (on the AP side) of either
unlabelked TA or deoxycholate, but it was not reduced by ihe
presence of unlabelled TA on the side of the monolayers (30
min) were approximately equal 54,4 + 2.7 and 64.6 + 2.8 fmol/
mg protein, respectively). AP and BL uptake of ["“CJ-TA were
mfubited by unlabelled TA and by sodium axide, indicating thai
AP and BL upeake are carrier-mediated and encrgy- dependeni.
The fact thai the uplake (AT a! BL) of TA did noi change under
avalinomycin-induced K *-diffusion poicntial and thai the amount
of TA the remained cell-associated after hypotonic lysisof cells
preloaded with TA was 70-80%, rules out both membeane

voltage and osmotic gradient as driving forces for bile acid
uptake. The AP and the BL uptake scem o involve differcat
carrier sysiems: a) The BL uptakes was more sensitive o
inhibition by p-aminohippuric acid {pAH), than the UP upeake;
b) Deoxycholic acid inhibited the AP uptake of TA more
efficiently than the BL uptake; and c) The AP uptake was more
sensitive to inhibition by ouahain than the BL uptake. This study
hasalso shed some light on the properties of the efflux precess(es).
For instance, of that TA taken up afterincubation with 10aM for
30 minutes either on the AO or the BL. membrane, or both, about
80% underwent BL efflux in 30 min regardless of the route of
uptake. The BL efffux was energy-dependent and it was not
inhibited by excess unlabelled TA (on the AP or the BL side).
These data suggest that bile acid (AP and BL) uptake my be
medialed by carrier systems different from those involved inthe
cfflux.

Ronald T Borchardt

Smooth Muscle Special Interest Group

There will be a meeting of this Group at the Laicester
Physiological Society Meeting. Both oral and Poster presentations
will be given and there will also be a short business meeting of
the Growp to elect a new convenor.

Susan Wray

The Placental and Perinatal Special Interest Group

The Placental and Perinatal Special Interest Group will meet as
planned at the Leicester Meeting. At the last Meeting in
Cambridge, we had a two-day meeting over 23-24 September.
A Plenary Lecture was delivered by Professor Peter Nathanselsz
entitled "The fetal role in the initiation of parturition - neural and
molecular messages”. This was an excellent lecture in which
Professor Nathanielsz reviewed current ideas about the control
of uterine activity and the initiation of parwritioa. During the
lecture he spanned a wide range of approaches foe studying these
processes, ably demonstrating the potential {in the right hands!)
for integrating concepts from the cellular w the whole animal.
We continue our theme of putting things together at the Leicester
Mecting when we hold a joint session with members of the
Reproduction and Growth Group of the Nutrition Society. We
will have a Plenary Lecture from Dr Pascal Ferre, Director of
Rescarch at the Pathology, Metabolic andd Hormonal Unig,
Inserm Unit 342, Paris. His title will be “Metabolic adaptations
during suckling and weaning”.

Mark Hanson

lonic Channels Designated Session

In the forthcoming Leicester Mecting of the Society there will
be a Designated Session on Ton Channels in addition 10 a
teaching symposiumaon lon Channels. A plenary lecture affiliated
with the lon Channel Special Interest Group will be given by
Dr J Peter Ruppersberg. Although still a young scientisi,
Dr Ruppersberg has contribated much to the pioneering work on
the molecular biology of mammalian voltage-gated K* channels,
He recently moved 1o Heidelberg 10 collaborate with Ben
Sakmann on NMDA receprors, He will give atalk on“Molecular
aspects of voltage-dependent block of ion channels.”

Noel Davies




Sight, Sound and Soma: A Sensory
Symposium

Physiological Society Symposium at Bristol on Tuesday
4 May, 1993

This cne day symposium will bring together young physiologists
from the auditory, visual and somatosensory fickds. It is aimed
atproviding an excellent forum for young scientists 1o talk about
their work. Each of ten talks will last for 20 minutes with plenty
of ime for questions aficrwards. As well as providing an
opportuaity for PhD swdents and postdocs from related fiekdsof
study to meet their peers, we hope the relaxed atmosphere will
encourage lively discussion.

The symposium is funded by The Physiological Sociciy and the
Department of Physiology, Bristol. There will be a small
registration fee o cover lunch and teaicoffee. A meal is also
planncd for the evening. A similar symposium was organised in
this depariment last year and was a great success.

Anyose interested in aticading the symposium should contact
cither Jonathan Gale or Lesiey Anson, at the address below, for
more information and registration details.

Dept of Physiology, School of Medical Sciences, University
Walk, Bristol BS8 11D, tel (0272) 303030 Ext 455414859,
fax (0272) 303497

Renal Special Interest Group

The next meeting of the Renal Special Interest Group will be
held in conjunction with the Southampton Meeling of the
Sacicty en 27-29 Sepiember 1593, The opeaing daie forabsiracts
is 28 June, 1993 and the closing date 9 July 1993,

Members may wisk 0 know that the next meeting of the
European Kidney Research Forum has been arranged for
23-27 April 1994 at Erlangen Nomburg.

Dave Poiis

NEWS OF SPECIAL INTEREST GROUPS

New Special Interest Group in “Cellular
Neurophysiology: Synapses, Circuits and
Oscillations”

With the present trend towards specialised sessions at the
Society’s Meetings, it has become necessary for each field of
physiological research to be represented in a Special Inierest
Group. Sadly perhaps, the days arc loag gone when we could all
consider ourselves 0 be broad interest physiclogists. Cellular
neurophysiology, particularly those aspects that relate Lo synapscs
and circuitry, is a growing hicld, but one that is rapidly becoming
less well represented at Mectings of the Society, Those who

have presented recently have often found that their papers are
flanked by communications in widely varying fields or that 2
parallel session includes work of particular intercst. This
obviously decreases the enthusiasm in discussion and therefore
in submissionof abstracts. Thereare many venues for presentation
of work relating to synaptic circuitry and several of my colleagues
have indicated scant optimism that interest in the Society can be
resurrected now. However, other Groups have extremely
successiul sessions, with vibrant discussion, serving as auseful
forum for debate.

If your inieresis include, for example, control of presynapiic
release, posisynapiic response propertics, cablc properiics of
neurones, synaptic plasticity, ncuronal circuitry and the
mechanisms involved in the generation of ascillations, and you
would like to participate in such a Group, please let me, or the
Oxford office kmow of your interest so that you arc kept
informed of developments and please plan to submit abstracts
for the June/July Meeting at UCL (submit 22 March - 2
April) and/or the September Meeting in Southampton
{submit 28 June - 9 July),

Alex Thompsen

Dept of Physiology, Royal Free Hospital School of Medicine,
Rowland Hiil Street, London NW3 2PF,
16l (071) 431 5269, fax (071) 433 1921

New Special Interest Group in Higher
Sensory Functions

As part of the reorganisation of neuroscience Groaps within the
Society, anew Special Interest Group entitied Higher Sensory
Functions has been established. This will, in principle,
encompass any aspect of sensation and perception. However,
given the existing Somatosensory and Sensonmotor Groups, it
isanticipated that the new Group will concentrate on visson and
audition. As with all Special Interest Groups, one or more
Designated Sessions will be organised per year as part of the
Society’s Scientific Mectings, which [ hope will atract a lasge
number of contributions. Funds are also available to organise a
Plenary Lecture in association with these sessions.

In order o get the Higher Seasory Functions Group off the
ground, we need to establish a mailing list of people who would
be interested in hearing about and contributing Lo events organised
through the Group. If you wouid like 1o have your rame added
1o this mailing list, then please write to me. Any suggestions for
the names of possible Plenary Lectures would also be welcome.
If anyonc is planning to organisc a rescarch symposium in the
general area of sensory neuroscience at one of the Society’s
Meetings, then we should try and arrange this in conjunction
with a Designated Session of the Group.

Andrew King

University Laboratory of Physiology, Oxford OX1 3PE,
tel (0863) 272523 fax (0865) 272469,
email: KINGAJ@UK AC OXFORD VAX
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Notices

Editor’s Note

No notice is carried for more than three successive editions.
Notices are starred so that readers can see at a glance
whether this is the first (one star) or final {three stars)
appearance of the Notice. Notices for the Jure (UCL) edition
should reach the Editor or the Administration ()ffice by

16 April 1993,

British Opioid Colloquium & British Pharmacological
Soclety

OPIOID PEPTIDES AND THEIR RECEPTORS

A Symposium in Honour of Prof H W Kosterlitz

13 April 1993

University of Aberdeen, Scotland

Further information from: Prof A S Milton, Division of
Pharmacology, Dept of Biomedical Sciences, University of
Aberdeen, Marischal College, Aberdeen ARY 1AS, tel (0224)
273036, fax (0224) 273019 v ¥ %

Society for Endocrinology/Royal Society of Medicine
TECHNIQUES IN CELLULAR SIGNALLING

16 April 1893

Sheffield

Training course featuring lalks on recepior and bingding
studies, cyclases and cyclic nucieoiide assays and G-proteins
and many other topics. £25. Further informatioe from: Janet
Crompton, Society for Endocrinology, 17/18 North Court,
Ihe Courtyard, Woodlands, Almondsbury, Hrisiol, BS12
AN, 12l (0452) 619036, fax ((454) 616071 ¥

European Tissus Culture Society

UK Branch Workshop

VECTORIAL TRANSPORT IN CULTURED
EPITHELIAL & ENDOTHELIAL CELLS

19 April 1993 - Please note the change of date
Newcastle upon Tyne

Further information from: Ix B I Ilirst, Dept of
Physiological Sciences, Medical School, Newcistle upon
Tyne NE2 4HH, 1wl (091) 222 6993, fax (051) 222 6706
* ok

Committee for Symposia on Drug Action
MOLECULAR APPROACHES TO DRUG DISCOVERY
19-20 April 1983

The Sclentific Societies Lecture Theatre, London W1
Further details from:  Barhara Cavilla, Administrative
Secreiary, 20 Queensberry Place, London SW7 2DZ, tel
(O71) 381 8333, fax (071) 823 9409 &

Sandoz Institute for Medical Research

VIl ANNUAL SYMPOSIUM - MEDIATORS

OF INFLAMMATORY PAIN

21 May 1993

The Royal Society, 6 Carlton Terrace House, London
Deadline for registration: 23 April 1993. Registration forms
from: Mrs M-C Stwart, Sandoz Institute for Medical
Research, 5 Gower Place, London WCIE 68BN % [Full
details on page **]

international Society of Biomechanics

XIVth CONGRESS

4-8 July 19893

Paris, France

Furiier information from: [SD 93, Convergences, 120 avenue
Gambenta, 75020 Paris, France, fax (010 33) 1 40 31 01 65
ook ok

IUPS CONGRESS

1-8 AUGUST 1993

Further information and registration forms from: 1UJPS
Cangress Office, CEP Consultants Iid, 26-28 Albany Sureet,
EDINBURGH EHI 3011, 21 (031) 557 2478, fax (031) 557
5749.

Correspondence for the Organising Committee should be
sent to: 1UPS Congress Office, Room F43, Hicks Bullding,
University of Sheffield, Hounsfield Road, Sheffield 83 7TIH

Telephone calls to: (0742) 758688, fax (0742) 758688 &

IUPS Thermal Physiology Commission

SYMPOSIUM ON TEMPERATURE REGULATION

$-13 August 1993

University of Aberdeen, Scotland

This symposium immediately follows the IUPS Congress in
Glisgow. Further information and registration forms fronu: Prof
A S Milwa, Divisson of Pharmacology, Unlversity of
Aberdeen, Marischal College, Aberdeen, ABO 1AS, Scotlund,
tel: (0224) 274036, fax (0224) 273019. ek

International Society of Arterial Chemoreception
CHEMORECEPTORS AND CHEMOREFLEXES IN
HEALTH AND DISEASE

9-13 August 1993

University College Dublin

Fusther information from: Dublin Chemerecepior Meeting, ¢/o
Prof R G O'Regan, Dept of Human Anatomy anid Physiology,
University College, Earlsfort Terrace, Dublin 2, Ireland ¥

1993 COMPUTERS IN CARDIOLOGY MEETING

5-8 September 1993

Imperial College, London

Deadline for abstracts: | May 1993, Further information (rom:
1993 Computers in Cardiology Meeting, Centre for Biological
& Medical Systems, Mech Eng Building, Imperial College of
Science, Technology & Medicing, Exhibition Road, London
SW7 28X, tel (071) 225 8525, fax (071) 589 6897 ¥ ¥ ¥

European Placenta Group

Vth MEETING

8-11 September 1993

Manchester Business Schooi

Further information from: Dr C P Sibley, EPG Secretary, Dept
of Child Health, St Mary’s Hospital, Hathersage Road,
Manchester M13 331, el ((61) 276 6483/6484, fax (061) 224
1013 e s e
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Marine Biological Assoclation Workshop
MICROELECTRODE TECHNIQUES FOR CELL
PHYSIOLOGY

8-22 September 1993

P

Deadline for applicaiions: 20 Aprii 1993. Further information
from: David Ogden, National Institwte for Medical Research,
The Ridgeway, Mill Hill, London NW7 LAA, fax (181) 906
4477 Yoo [Fuli detaiis on page 45]

The Bayliss and Starling Society

ANNUAL MEETING

13-14 September 1993

Royal Postgraduate Medical School, London
International workshop on biological control sysiems: Genes,
mRNA, regulaiory peptides & growth facioes. Molecular
biology, physiology, phammacology & clinical applications.
Deadline for abstracts: 3 May 1993. Further details from:
Kim Cyrus, Endocrinology Unit, 20d floor, Francis Fraser
Building, Roval Postgraduate Medical School, London W12
ONN, tel (0R1) 740 3242, fax (081) 740 3142 %

European Working Group on Cardiac Cellular
Electrophysiology

17th MEETING

17-19 September 1993

Graz, Austria

Further details from:  Prof B Koidl, Karl-Franzens-
Universitit Graz, Institut fur Medizinische Physik u.
Biolphysik, Harrachgasse 21, A-8010) Graz, Austria, or from:
Dr H F Brown, University Laboratory of Physiology, Parks
Road, Oxford OX3 7TN, el (0865) 272454, fax (0863)
272469. (Those who have attended any of the 1ast 3 meetings
of the Working group will be sent information in Apeil)

APS Conference

PHYSIOLOGY AND PHARMACOLOGY OF MOTOR
CONTROL

2-5 October 1993

San Diego, California, USA

Furiher  information  from: Miss  Linda  Buckler,
Membership/Meetings  Office, American  Physiclogical
Society, 9650 Rockvilie Pike, Bethesda, MD 20814-399],
USA, wl (010 1) 301 33D 7171, fax (010 1) 301 571 1814,
E-mail: Linda® APS MHS.Compuserve Com e

INTERNATIONAL SYMPOSIUM ON ANAESTHESIA
20-22 October 1983

Beijing, China

Deadline for abstracis: 15 May 1993, Further information
frome  Mr Zhang Ming, PO Box 300, CICCST, Beijing
100086, China, tel (010 8§86 1) 8313335, fax (010 86 1)
8316091

INTERNATIONAL CONFERENCE ON
GASTROINTESTINAL HORMONES AND
GASTROINTESTINAL MOTILITY

25-28 October 1993

Beijing, China

Deadline for abstracts: 15 July 1993. Further details from:
Mr Ming Zhang, PO Box 300, CICCST, Beijing 100086,
China, ted (010 86 1) 8313335, fax (010 86 1) 8316091 ¥

INTERNATIONAL SYMPOSIUM ON QUALITY
ASSURANCE PROGRAM IN HOSPITAL

1-3 November 1963

Beljing, China

Deadline for abstracts: 31 May 1993, Further information
from: Mr Zhang Ming, PO Box 300, CICCST, Beijing 100086,
China, tel (010 86 1) 8313335, fax (010 85 1) 8316091 %

2ND INTERNATIONAL CONFERENCE ON SPORTS
MEDICINE

2-5 November 1993

Beijing, China

Deadline for abstracts: 3 July 1993. Further information from:
Dr Jhang Ming, Beijing International Hotel, No 9 Jian Nei
Dajie, Beijing, China, tel (010 86 1) 5126688 ext 1534, fax
010 86 1) 8316091 %

APS Conference

SIGNAL TRANSDUCTION AND GENE REGULATION
17-20 November 1993

San Francisco, California, USA

Further information from: Miss Linda Buckler,
MembershipMeetings Office, American Physiological Society,
5650 Rockville Pike, Bethesda, MD 20814.3001, USA, tel {010
1> 301 830 7171, fax (010 1) 301 571 1814, E-maii
Linda@ APS.MHS .Compuserve.Com ¥

2ND WORLD CONGRESS OF BIOMECHANICS

10-15 July 1994

Vrije Universiteit of Amsterdam, The Netherlands
Deailline for abstracts: 1 December 1993, Further information
from:  Biomechanics Section, Instiuie of Orthopaedics,
University of Nijmegen, PO Box 9101, 6500 HB Nijmegen,
The Netherlands, icl (010 31 80) 613366, fax (010 31 80)
540555 *

Wellcome Centre for Medical Science - one day
Open Meetings

The Wellcome Cenere for Medical Science, in collaboration
with the CIBA Foundation, is organising one day Open
Meetings to follow a sclection of CIBA Symposia. The
calendar for 1992 is as follows:

21 May - Neural Tube Defects: Embryology,
Epidemiology & Preventions

23 July - Germline Development

10 September - Biological Clocks and Their Adjusiment:
Molecular, Cellular ard Neural Aspects

29 October - Second-Stage, Filtering in Vision

The meetings will be held in the Auditorium of the Welicome
Trust Building at 183 Euston Road, London NWi 2BE. There
is a registration fee of £20 (£10 concessionary rate for graduate
students) fore each mectng, which includes refreshments, lunch
an documentation, Further information from: Jilly Steward
(0171) 611 8656
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The Krebs Memorial Scholarship

Scientific Apparatus Recycling Scheme

The appeal lannched lo commemaorate the life and work of
Sir Mans Krebs by insiituiing a posigraduate (PhD)
scholarship in biochemistry or allied biomedical science,
tepable at any Dritish university, has provided sufficient
fumds to allow a scholarship, equivalent to an MRC Research
Studentship, to be awarded in alternate years. The next
scholarship will be awarded for 1993/94.

The Scholarship is primarily iniended to help candidates who
wish (0 study for the degree of PID in biochemistry or in an
allied biomedical science, but whose carcers have been
inlerrupted  for non-academic reasons beyond their own
coatrol andior who are uniikely 1o gualify for an award from
public funds. It will cover a personal maintenance grant at an
appropriate level and all necessary fees. ‘The Scholarship will
be awarded for one ycar in the first instance but may be
renewed up 10 a maximum tenuse of dwee years.

Applicants will be expected 10 have made poor arrangements
with (he university ot which they imend 1o hold the award,
and the applicaton must be forwarded through the head of
depariment concerned. Application forms may be obtained
from the Admmistration Manager, The Biochemical Society,
59 Portland Place, Loadon WIN 3A).

Whilst the Scholarship is primanly amed at PhD siudents,
e award of a post-doctoral Fellowships might be considered
for a candidate whose circusnstances merit such
consideration.

The closing daie for the next award is 31 March 1993, %

William Harvey and the Circuiation of
the Blood

This film, made in 1578 by M de Burgh Daly, Douglas
Fisher, Leonard Goodwin and Gweneth Whiteridge, gives a
hriel account of Harvey’s education, ynd of the theories of
the movement of the blood in the iy belore Harvey's time,
before re-enacting Harvey’s expeniments, described in his De
Moiu Cordis {16238), that provided proof of kis ypothiesis of
the circulation of the blood. This 16mm film cost £80 plas
VAT plus postage.

Two versivns are now also available on video (VIS), a lopg
version (approximately 37 minutes; price £40.00 plus VAT
plus postage and a short version (approximuiely 27 minuics;
price £25.00 plus VAT plus postage).

Enquiries and orders should be made to:  Dr Michae! Clark,
Audio Visual Resources Manager, the Wellcome Trust, 183
Euston Road, London NW1 2HFE, tel ((117) 611 8596/7 ¥

The FEBS Council has agreed to support the above scheme
which aims to assist the biochemists of Eastern Europe by
recycling 10 them scientilic apparatus (hat is at present surplus
to (he needs of those In the: West. In 1993 a grant was received
from the TEMPUS programme of the European Commission
(EC) to support a visit to the UK by representuives ol the
biochemical socicties of Hungary and Poland. They visited
many laboratones and idenufied apparatus hoth small and large
that would be useful for the hicchemists in their countries. A
further grant was oblained fromy TEMPLUS 10 cover the cost of
transport within Europe. The Biochemical Society has kindly
made available some spare warehousing ut Colchester on a
temporary basis. This is being used to assemble and sort the
apparatus prior o despatch in bulk to the biochemical socictics
of many countries in Eastern Europe who are responsible for
the distribution within their countries. ltems are only sent afler
their idenufication as being usclul for the reciprents. I'EHS is
paying all e costs involved in 1he transport of the appuratus
to Colchester and wsually for transport across Lurope althongh
assistance is sometimes provided by the recipient country.

SARS has been warmly welcomed by many laboratories in the
UK i requests for apparatus are constantly being received
from the Fast. 1t is clear thue SARS will have 10 be a long tenn
measure. Attempis are now being made 1o extend SARS to
other poiential domor counirics. SARS is not lumited to
university deparnments and research institutes, for industry and
publishers of books and journals are also helping. SARS is also
co-uperading with the Association of Clinical Bluchemists with
a view 0 helping biochemists 1n the clinics.

Large loads have been sent to Poland, Tlungary, Romania and
Lithusania. Other loads are being assembled for Latvia and ihe
Cazeck Republic which wili include Stovakia. A reconditioned
elecuron microscope has also been sent 10 Romania. SARS has
now been extended o books and journals. We have in mind
that the most valuable are the last ten years of complete runs
of gond journals but there are requests for much longer runs.

SARS is also now extending to Africa thanks to a graal from
The Nuffield Foundation which will enable apparatis to be sent
o desperate laboratories.

As SARS Co-ordinator, [ woul! be pleased to hear from
anyone who his surplus apparaius, books or journals for
disposal. I sometimes have a cull for copies of the Jourral of
Physiology which 1 can send through the Ranfusly Library
Service.

Prof Peter N Campbell, Biochemistry and Molecular Biology,
University College London, Gower Swzet, London, WCLL
61T, el (071) 387 7050 ex 2166, rax (D71) 380 7193 *

52




-~~~ -

[P A

Muscles, Masses and Motion: The Physiology
of Normality, Hypotonicity, Spasticity and
Rigidity

This book by E Geolfrey Walsh deals extensively with the
topic of muscle tone in health and disease and provides both
a compendium of current knowledge and a  hisiorical
overview of the magor discoveries from the past. The book is
published by MacKeith Press but is being distributed by
Cambridge University Press. It runs o 220 pages and there
arc 196 figures. The curreni price of the book is £32. ISBN:
(UK) 0 901260 97 5; {USA) 0 521 43229 4 k&

Forty Years of Membrane Current in Nerve

This ¢o-ordinated set of modem reviews, edited by Daniel
Gardner, commemorates the 40th anniversary of the
publication of the Hodgkin, Huxley and Hedgkin, Huxley &
Kaz papers. ‘This special supplement 1o FPhysiological
Reviews is available w non-subscribers for 329 (or 514.50 for
APS members) from the Amencan Physiological Society,
G650 Rockvilic Pike, Bethesda, MD 20814-3%91, USA. %Wk

Relaunch of Physiologia Bohemoslovaca as
Physiological Research

The Joumal is published by the Institute of Physiology,
Czechoslovak Academy of Stiences and accepts Tull papers,
short and rapid communications, edilorials and mini-reviews.
Subjects coverad include physiology, pathophysiclogy,
biochemisiry, biophysics, pharmacology and allied fields.
Further informaiion can be obiined from the Ediorind
Office, Albertov 5, 128 00 Prague 2, Czechosiovakia. e v s

Animal Experimentation and the Future of
Medical Research

Edited by Dr Jack Botwting, Research Defence Society.
Proceedings of a Meeting held by the Research Defence
Sociely to examine, from a sciemiific and medical
perspective, the future role of animal experiments in medical
research without ignoring the ethical context and justification
for than research, Eminent scieniists and clinicians who spoke
about their fickds of work, consider the importance of animal
experiments in cach case, include:  Richard Adrian, D K
Peters, David Rees, Sydney Brenner, John Vane, David
Hubel, Walier Bodmer. [t runs to 96 pages and the current
price is £16.95. Published by Portland Press. ¥

The Journal of Physiology - Member's Copies

If any persom or institution (university or research institule)
is Imterested in acquiring, without cost except for transpoet,
a run of The Journal of Physiology from vol 432 (1991) 10
vol 458 (1992), please write to Dr G Gordon, University
Laboratory of Physiology, University of Oxford, Parks Road,
Oxford OX1 3PT %

PHYSIOLOGIST
Dominica, West Indies

Applications are invited for a Physiologist with established
teaching commiument and experience. Sulary negotiable.

Send CV or contaci: Dr Roberi Ross or Dr Nancy Pern, Ross
University Medical School, 460 West 3dth Street, 12th Floor,
New York, NY 10001, USA, tel: {010 1) 212 279 3500, fax
10 1) 212 629 3147 %

Contributors

Contributors 1o this issue of the Magazine, other than those
whose current addresses are inciuded in the Society's
membership hardbook known as the Grey Book (1991 ed), are
as follows:

Lesiey Anson, Dept of Phiysiology, School of Medical Sciences,
Umversity Walk, Bristol BSS 1'TD

Avijit Datia, Postgraduale Medical Cenire, West Middlesex
University Hosphiad, Twickenham Road, Iskewonh, Middlesex
TW7 6AF

Jonmban Gale, Depi of Physiology, School of Medical
Sciences, University 'Walk, Bristol BS8 1TD

Joel C Glover, Fysiologisk Insutuet, Universitetet 1 Osko, Box
1103, Blindern, 0317 Oslo, Norway

Jolm T Hubbard, Dept of Physiology, Medical School,
University of Oiago, Dunedin, New Zealund

Makolm Hunter, Department of Physwology, University of
Leeds, Worsley Medical & Dental Building, Leeds, LS2 ONG

Simon Jarvis, Biological Laboraory, University of Kent,
Canerbury, Kent, CT2 7NS

Ciwris Peers, Dept of Pharmacology, University of Leeds,
Wossley & Medical Building, 1eeds, 1.52 9T

Jirgen Sandkiibler, 11 Physiologisches Instituie, Universitit
Heidelberg, Im Neuenbeimer Feld 326, 6900 licidelberg,
Germany

Geoff Waits, BBC Radio Science Unit, Room 7079,
Broadcasting House, Loadon, WIA 1AA

Stn White, Depariment of Physiology, University of Leeds,
Wogsley Medical & Dental Building, Leeds, 1.82 ONQ
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135
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201
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327
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Ca” levels in myotubes grown from the skeletal muscle of
dystrophic {(mdr) and normal mice

Properties cf a transient K* current in chemoreceptor cells
of rabbit carctid body

Ca? regulation of the conractile apparatus in canine gastric
smooth muscle

Contractile propertics of skinned muscle fibres from young
and adult normal and dystrophic (mdx) mice

Invoivement of intrahepatic innervation in cacsium-induced
haemodynamic oscilliations in the rat liver

Substance P release in the spinal cord during the exercise
pressor reflex in anacsthetized cats

The whole-cell calcium current in acutely dissociated mag-
nocellular cholinesgic basal forebrain nesrones of the rat

Ca? and Ca¥»-activated CI currents in rabbit oesophageal
smooth muscle

Comparison of jonic currents from intersiitial cells and
smooth muscle cells of canine colon

Re-2valuation of calcium currents in pre- and posisynaptic
neurones of the chick ciliary ganglion

Calcium current inactivation in denervatad rat skeletal
muscle fibres

The cutaneous vascular axon reflex in humans characterized
by laser Doppler perfusion imaging

Magneiic coil stimulaiion of siraight 2nd beni amphibian and
mammalian peripheral nerve i vitro: locus of excitation

The central role of corticotrophin-releasing factor (CRF-41)
in psychological siress in rats

Effects of inorganic phosphate analogues on stiffness und
unicaded shortening of skinned muscle fibres from rabbit

The effecis of MgADP on cross-bridge kinctics: a lasor
flash photolysis study of guinea-pig smooth muscie

P nuclear magnetic resonance studies an the glyco-
genolysis regulation in resting and contracling frog
skeletal muscle

Optical monitoring of transmitier release and synaptic
vesicle recycling at the frog neuromuscular junciion

Effects of internal and external Na* ions on inwardly
rectifying K* channels in guinea-pig ventricular cells

Electrical and integrative properties of rabbit sympathetic
neurones re-evaiutacd by paich clamping non-dissociated
ceils

Correlations beiween myosin heavy chain isoforms and
mechanical parameters in ral myomelrium
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Effect of axternal cation concentration and metabolic
inhibitors on membrane potential of human giial cells

Exercise-induced diaphragmatic fatique in healthy

humans

Electrophysiology of guinea-pig supraoplic neurones: role
of a hyperpolanization-activated cation current in phasic firing
Mechanisms anderlying chemoreceptor inhibition induced
by atrial natriuretic peptide in rabbat carotxd body

Energy metabolism in single human muscle fibres during
intermillent contraction with oceleded circulation
Effects of amiloride and ouzbain on short-chain farty acid
transport in guinea-pig large ntestine

Human circulatory and thermoregulatory adapiations with
heat acclimation and exercise in & hot, dry environment
Within-breath modulation of left ventricular function during
normal breathing and positive-pressure ventilation in man
Properties of GAB A-medicated synaptic poentials induced
by zinc in adult rat hippocampal pyramidai neurones
Evidence from fluorescence microscopy and comparative
studies that rat, ovine and bovine colonic crypts are absorptive
Impairment of nesromusculsr propagation during human
fatiguing contractions at submaximal forces

Asynchronous increases in oxidative capacity and resistance
to fatigue of electrostimulaied muscles of rat and rabbis
Teirodotoxin-sensitive dendritic spiking and coatrol of
axomal firing in a lobster mechanorecepior neurone

Ca* ¢ycling between sarcoplasauic reticulum and
milochondria in rabbit cardiac myocytes

Effects of specific carotid body and brain hypoxia on
respiratory muscle control in the awake goat

Fluctuations in blood flow to acral skin in humans:
connection with heart rate and blood pressure variability
Incidence of moa-driving excilation of Ia afferents during
ramp frequency siimuiaiion of siatic raxons in cal hindlimbs

Single voliage-dependent potassium channels in rat
peripheral nerve membrane

The time course of phosphate metabolites and intracellular
pH using P NMR compared 1o recovery heat in rat soleus
muscle

Mcmbrane properties and synaptic potentiais of three types
of neurone in rat lateral amygdaia

Relaxant imervation of the guinca-pig trachealis:
demonstration of capsaicin-sensitive and -insensitive
vagal pathways

The permeability of the cGMP-activated channel 10
organic cations in retinal rods of the tiger salamander

Author(s)
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The role of the metor cortex in the control of accuracy of
locometor movements in the cat

The role of the motor cortex in the control of vigour of
locomator movements in the cat

Metabolic aciiosis and breathlessness during exercise and
hypercapnia in man

Inhibition of the calcium pump by high cyteslic Ca?* in
intact human red bleod cells

The elfect of endotoxin-induced fever on thermoeregulation
in the newboen rabhit

Regional cerebral blood flow during volitional expiration in
man: a comparison with volitional inspiraiion

The acton of amyowrophic laeral sclercais immunoglobulins
on mammalian single skeletal muscle Ca? chanmnels

Spanal facilitsion and depression within one motor nerve
terminal of frogs

Confocal microfluorimetry of Ca? signals evoiced in
Xenopus oocyies by photerelcased inositol risphwsphate

Alerations in comractiie propenies and Ca® transients by
B- and muscarinic receptor stimulation in ferret myocardium

Mechanisem of the effects of acetylcholine on the contractile
properties and Ca> wansients in ferret venuricular muscles

Small-conductance Cl channels in rabbit parietal cells
activated by prostaglandin E, and inhibited by GTPS

Modulation of respirasory activity of neonaral ral phrenic
moloneurones by serotonin

Spatial integration and sensitivity changes in the human rod
visual system

Long-term changes in synaptic strength along specific
intrinsic pathways in the cat visua! cortex

Activation of muscarinic K* current in guinea-pig atrial
myocyles by a senum factor

State-dependent radial elasiicity of aitached cross-bridges
in single skinned fibres of rablbit psoas muscle

Inter-individual vanability in the dynamics of maral
accommodation in humans: relation to age and refractive
errors

Phase-dependent dynamic responses off respiratory motor
activities following perturbation of the cycle in the cat

M, stalistical analysis of acelylcholine receplor activation

in Xenopus myocytes: slepwise versus concened models

of gating
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Temperature Regulation 28  Renal

13 Environmental 29  Reproduction

14 Enzymes 30  Respiration

15 Gastrointestinal

You may specify up to three fields of interest.

Special Interest Groups

Current Codes
AF  Autonomic Function HS  Higher Sensory Functions
BB Blood-Brain Barrier IC  lonic Channels
CC Cardiovascular Control ME  Microvascular & Endothelial Physiology
Cl  Comparative & invertebrate Neuroscience MC  Muscle Contraction
CN  Cellular Neur}:ﬁhysiology NB  Neurobiology
CP  Comparative Physiology NE  Neuroendocrinology
CP Developmental Physiology PP Placental & Perinatal Physiology
EM Fc.githeha & Membrane Transport RP  Renal Physiology
G strointestinal Tract RE  Respiraiory Physiology
HC Heart Muscle SC  Sensorimotor onlrgP
HI  History of Physiology SM  Smooth Muscle
HP  Human Physiology SP  Somatosensory I"hysiology
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