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President’s Opening Remarks

Fellows and Members of the College: PFirst of all let me n{
what a great pleasure it is to me to welcome you again to the College
to this which is our Fourth Scientific Conference and particularly to
welcome one or two of 6ur most distinguished fellows from overseas.

Now I have not really anything to say in introduction except perhaps
Just two or three minor things. In the first place you ike to
know that the subject was not of my choosing, though I shall be very
interested to hear both the speakers and the discussion. Now we have

heard a number of stions about subjects for further conferences
and I am of course still open to receive those stions. We have
had a number of suggestions as to how we can most fairly arr these

conferences when they are over-subscribed but we have not really had
any stions as to how the conference should be run and therefore

I take it that the general lines on which they have been run in the
past have been satisfactory to the audience and you will see that this
particular conference is designed on what is now becoming the usual
pattern. It is divided into a number of sections, which those of you
who can read do not need me to tell you about, and the speakers have
been chosen of course with the usual great care which will be obvious
to you, I am sure, during the course of the conference. =Success of
conferences depend as much upon those who come to hear, and particul-
arly to discuss, as they do upon the chosen speakers and I do hope that
you will not hesitate to get ur in the discussions. Because the
publication of these conferences has been really a popular feature of
them. We have to record the discussions, and I hope that this will
not put you off fott:l.ng up and whatever you wish to say and I
hope that you will move towards centre to the microphone when you
enter in the discussion and that you will give your name before speak-
ing. If you do not I am sure that our first Chairman, upon whom I am
now i:ug to call, will keep you in order. 80 I have great pleasure
now 'y asking Dr. R.A. McCance if he will take over for this first
session.

m%% 50‘!0!: Well, one of the great J » Of course, in being
chair at a conference of 8 kind is the grivnogox
gutm:mrilmomrmcit:&umtoh?,m .zobo
ooking forward very much indee: 8 BO. . am

rather strict about ¢t and names mm:‘mnk 1taﬁ?€oﬂn
oniomt of the people have to speak last if they are not worried
R A e T o PR

0 now my o . 8
A. E. Black and he is going to'talk about Normal Function. And this
morning the whole subject will be Renal Funotion and Structure.
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Normal Function
D. A. K. BLACK

This is an exciting, and in some ways a difficult time to
present an outline of renal physiology to a conference of physicians.
Exciting, because the past decade has seen the gradual piling up of
evidence which favours a radically new concept of urine-formation
put forward by Wirsz and his colleagues in 1951. Difficult,
because the new ideas are still mainly worked out in the normal
animal, and their application to man and to clinical problems has
scarcely begun. I shall try to maintain a balance between our
knowledge of what the kidney does, knowledge which has already msade
substantial contributions to the management of patients; and the
fascinating ideas on how it does it, whose clinical application lies
all in the future.

The kidney has functions other than the formation of urine, to
which the terms ‘metabolic’ and ‘endocrine’ have been applied.

These are important in relation to hypertension, as will be discuss-
ed later in this Conference; and also in relation to erythropoiesis
(Onsnes, 1959). The main job of the kidney is still the making of
urine. In doing this, it is supplied with about a litre of blood
each minute, a fifth of the cardiac output; of the plasma contained
in this large amount of blood, again about a fifth is filtered off
in the glomerular tufts, so that the raw material for urine-
formation is some 120 ml./min. of a fluid containing only traces of
protein and 1lipoid, but otherwise resembling plasma in its composi-
tion. The renal tubules must then concentrate this fluid by a
factor at least five, and more commonly 100; and at the gsme time
effect striking changes in its composition, by the selective re-

absorption, and in some cases the actual secretion, of solutes.
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llany years ago now, Cushny appreciated that the tubules handled
solutes in two distinct ways: some substances, such as urea and

eatinine, went on being excreted when their plasma concentration
was low (the 'no-threshold' substances); while others, such as

glucose, sodium and chloride, were excreted at higher plasma levels
end retained at lower plasma levels (the 'threshold' substances).
While the explanations proposed by Cushny have not stood the test of
time, the phenomenon itself is of importance in clarifying the role
of the kidney in homcsostasis, and is indeed the basis of Cannon's
later distinction between the ‘'excretory' and the 'homoeostatic’

(or regulatory) functions of the kidney.

Of those substances which are truly excreted by the kidney, urea
is quantitatively by far the most important. The essential features
of urea excretion were established by Van Slyke and his colleagues.
About half of the filtered urea appears in the urine, the remainder
diffusing back through the tubule walls. At higher urine-flows,
more urea escapes re-absorption, a relationship which was put on a
quantitative basis by the measurement of 'urea clearance' at varying
urine flow-rates. Since water is reabsorbed by the tubules to a
much greater extent than is urea, the concentration of urea increases
to many times that in the original filtrate. Urea is a substance
of low molecular weight, and in the concentrations found in urine
its osmotic activity is considerable; this effect tends to restrain
the reabsorption of water and of electrolytes, so that by giving
urea a diuresis can be induced. Similar effects are seen with
other osmotically active substances, the phenomenon being described
as 'osmotic diuresis'. The urine in this type of diuresis contains
substantial amounts both of the sgbstance given - 'the loading
solute', and of other solutes; in contrast to 'water diuresis', in
which solute output is almost negligible. The excretory function
of the kidney is of course important in the elimination of foreign
substances also, and Dr. Milne has recently dra-n_attont.l.on to an
important mechanism of ‘non-ionic diffusion' whereby the excretion
of weak acids and bases may be enhanced (Milne et al., 1958). The

tubule wall allows the passage of a number of such substances ia the
4



undiuociaﬁd form, but restricts the passage of the ionic form; a
substance may thus diffuse from blood into the tubule lumen, and
there become ‘trapped' when it dissociates at the much lower pH of
tubule-fluid.

The regulatory functions of the kidneys are concerned to main-
tain the constancy of the internal environment, so that they operate
mainly on the extracellular fluid, and particularly on that large
sample of it which is always being brought to them in the plasma.
This regulation is obvious to us when it affects urine volume; but
simple analysis shows the same type of activity in respect of osmol-
arity, of pH, and of individual solutes such as sodium and potassium
which are important in the control of body-fluid volume. The
purely descriptive literature of renal behaviour under a variety of
stresses is now enormous; but it can be summarised in the general
statement that the healthy kidney always tries to do the right thing,
i.e. change urine composition so as to compensate for the stress.

In this attempt, however, it may well be misled by partial informat-
ion, derived from plasma co-posit{on; this may not characterise
properly the state of arfairs within the cells, as when cellular
depletion of potassium is associated with a raised plasma-potassium
level, e.g. in diabetic coma. In these circumstances, the kidneys
may go on excreting potassium, although conservation irould be a
better long-term response. There are also -j:tuationa in which the
kidney has to compromise between multiple stresses, as :I.n respirat-
ory aeido-in', where the elevated bicarbonate concentration of plasma
calls for bicarbonate excretion and an alkaline urine, whereas the
acidosis calls for increased urinary acidity. The renal response
1s also of course influenced by the action of hormones, of which
A.D.H. and aldosterone are the most important; the balance between
these hormones can also lead to apparently anomalous behaviour, as
when hypertonic saline causes at one time & saline diuresis from
inhibition of aldosterone production, and at another a profound
antidiuresis from stimulation of A.D.H. Leaving aside these spec-
ial cases, the general operation of renal regulatory function is the
expected one of d.lsposling of excesses by increased excretion, and

5



correcting deficits by retention. Examples could easily be multi-
plied, but it may be more rewarding to look at present ideas on how
this is done.

It has been realised for a long time that the ability to con-
centrate the urine to osmolarities well above that of plasma is
associated with the possession of that rather odd structure, the
loop of Henle, which in mammals, but not in amphibians, is inter-
calated between the proximal and distal convoluted tubules. Why
this should be so was inapparent, because the simple epithelium of
Henle's loop did not look like a powerful osmotic engine. The
revolutionary explanation suggested by Wirz, Hargitay and Euhn
(1951) was thatv the loop of Henle functioned, by virtue of its
‘hairpin' arrangement, as a ‘'countercurrent exchanger'. The
principle of this arrangement is indicated in PFigure 1. In this,

\\~ ® @ ® ©
T o e
e B B0

Figure 1. Diagram of a counter-current system (for explanation, see
text).

© =0

the numerals indicate units of concentration, and an active transfer
of water is postulated from the upper to the lower limb of the loop.
Going along the upper limb, this will increase the concentration
progressively from ‘2' to '6', while the arrival of this water in the
lower limh will decrease concentration from °'6' to ‘1°'. The import-
ant point to notice is that throughout the loop the comcentration
difference 2cross the dividing membrane is only unity, although the
concentration difference between the open and closed ends of the
lovp is 5 units. This is, of course, only a model, and in the
actual kidney we have vascular as well as tubular loops, and there
is also some evidence that the concentration gradient is established
by the active transport of sodium and not of water. It has now
been established by several groups that when a concentrated urine

6



is being formed, the osmotic concentration in the medulla is sub-
stantially above that in the cortex; this has been shown to apply
to whole medullary tissme (Gowenlock et al., 1959), to blood
obtained from the papillary vessels (Wirz, 1954), and to tubule-
fluid from the tip of Henle's loop (Gottschalk and Mylle, 1959).
When a dilute urine is being formed, medullary hyperosmolarity is
not found, and the active transport which primes the countercurrent
mechanism is presumably in abeyance. The relative importance of
sodium and urea as osmotically active solutes is still in some
dispute, but the importance of medullary hyperosmolarity is now
established. A mechanism of this type could obviously be upset in
disease either by distortion of the medullary architecture, or by
deficiency of protein (urea) or of sodium. It accounts for the
ability to form a concentrated urine, but not for the substitution
of one ion for amother 'h.tch. is just as striking a feature of urine
formation. This phonog!non of 'ion-exchange' has been established
by the work of Pitts and Berliner, snd has been reviewed by Pitts
(1959).

The ltnrt:l.?s-point here ‘n the demonstration by Pitts and
Alexander (19}5) that acidotic dogs excreted far more acid than could
be accounted for by the glomerular filtrate, so that hydrogen ions
must be added to the tubular fluid. It was later suggested that
this addition of hydrion took place in exchange for sodium ions which
were being reabsorbed; the hydrions for this process were
derived from the dissociation of intracellular carbonic acid, whose
availability was in turn dependent on the activity of carbonic anhy-
drase. The hydrion entering the tubule fluid was in part 'buffered’
by phosphate and other urine buffers; in part combined with bicar-
bonate to form carbonic acid and ultimately 002 + 320; and in part
combined with ammonia to form ammonium ion. Interference with
carbonic anhydrase activity, or with any of the later processes of
disposal of hydrion in tubular fluid, cean lead to anomalies in the
acidification of the urine. The process of urine acidification has
zenerally been located in the distal convoluted tubule, but Ullrich
@nd his colleagues have now been able to show by direct sampling that
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ion-exchange continues in the collecting-duct system of hamsters
(Hilger et al., 1958).

It has become apparent that sodium and hydrion are not the only
participants in ion-exchange processes in the remal tubules. It is
even possible that the great bulk of cations and anions are reab-
sorbed in exchange respectively for hydrion and hydroxyl ion, which
then form water. The position has been most clearly established
in respect of potassium by Berliner and his colleagues ( 1951 ).

By a most ingenious analysis of the effects of a carbonic-anhydrase
inhibitor and a mercurial diuretic on the excretion of hydrior and
potassium, they were able to conclude that hydrion and potassium
were each added to the tubule fluid in exchange for sodium, and that
their excretion by this mechanism was sometimes reciprocal. In this
way, urinary acidification could be influenced by the level of pot-
assium excretion, and conversely. There is a good deal of evidence
to suggest that filtered potassium is reabsorbed in the proximal
part of the tubule, and that the potassium appearing in the final
urine repre.ients the product nf ion-exchange for sodium in the distal
tubule. ' a

All this is somewhat remote from the teleological concepts of
an earlier day, such as the selection by the' tubules of an ‘ideal
reabsorbate’. We are indeed a long way from understanding how the
kidneys work, but we are beginning to see some kind of patterm which
has at least the merit of taking account both of anatomical arrange-
ments, and of cellular activities such as ion exchange which must
be general in the body, and uot limited to the kidney. The revival
of micro-puncture studies, and the use of histochemical techni-
ques, have begun to tell us with more precision where things happen.
An approximate 'lay-out' of some of the processes which go to form
urine is given in Pigure 2. This diagram is of course concerned
only with the main stream of urine formation, and omits many subst-
ances of whose handling a good deal is k;xown, substances important
in themselves, but making only a negligible contribution to total
urinary output, such as glucose or uric acid. @ Still less have I
tried to include substances such as inulin or giodone. which have

8
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Figure 2, Diagram to indicate the spatial arrangement of some of the
processes concerned in urine-formation. In the proximal tubule,
the greater part of filtered Na, and probably all the K, are reabsorbed;
there may be some entry of H (and OH) into the tubule at this level,
and neither aldosterone nor ADH is known to be involved. The thick
part of Henle's loop is a likely site of active Na reabsorption in exchange
for H; this process is in part or whole responsible for 'medullary
hyperosmolarity', and it may be influenced by aldosterone. In the
distal tubule, and probably also in the collecting tubules, exchange of
Na for both K and H goes on probably under aldosterone control, and
the K content and acidity of the urine are determined here. In the
production of a concentrated urine, medullary hypersmolarity is set
up, and the ADH allows the diffusion of water from the distal tubular
system, including the collecting ducts. ( The diagram is that of Morel,
1957).

taught us a great deal about the operations of the kidney, but which
it normally never encounters.
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Tests of Renal Function
O. M. WRONG

Medical and physiological literature abounds with tests of renal
function. As physicans we are mainly concerned with tests that tell
us something about prognosis - not 80 much the length of survival
alone, but the hasards attendant on that survival and how they may be
prevented and life prolonged by knowledge of the state of renal func-
tion. Many »f the measurements described in physiological text-
books have little place here. What value is it, for instance, to .
know the maximum tubular reabsorption of glucose? But some other
tests which might seem equally abstruse to the uninitiated are of
help. I have chosen to aescribe a few tests of fairly general
application, with particular emphasis on some I use myself.
Glomerular filtration rate Convention demands that I start with the
glomerulus. It is certainly.very helpful to have some idea of the
glomerular filtration rate, both in making a diagnosis of the type
of renal lesion preseni and in forecasting prognosis. At present
the inulin clearance is the most accurate measure of glomerular
filtration and it is the standard against which other methods should
ideally be assessed. However, on this side of the Atlantic we '
seldom measure inulin clearance. The technique is tedious, but a
more imporvant drawback arises from the fact that inulin is a foreign
substance which has to be given parenterally. It is difficult to
maintain a zonstant blood level however carefully it is administered,
yet the blood level must be constant for each clearance period if the
result is to mean anything. Consequently most authorities shortea
the periods of urine collection to 10 - 20 minutes and catheterize
their subjects to ensure thn\f; these small collections are complete
(Smith, Goldring and Chasis, 1938). Many of us believe that cathet-
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