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it could be shown that amounts of potassium far in excess of that
filtered could be excreted in the urine 3° 4,

- With the demonstration of the existence of a tubule mechanism
for potassium sccrction, the carlier filtration-reabsorption view of po-
tassium excretion had become inadequate and the potassium excretion
mcchanism became the most complicated which had been encoun-
tered, since it must be considered, at least potentially, as the resultant
of three scparate processes. However, as I shall show, the actual
mechanism which need be considered is considerably simpler than
would appcar at first sight because it is possible to climinate two of
these three processes from consideration.

When the potassium secretion mechanism was first demonstrated
there was a gencral tendency to consider it a reserve capacity to be
turned on only when the complete cessation of reabsorption was
insufficient to maintain an adequate excretion rate. However, Mudge
and Gilman concluded that secretion contributed to the potassium
appcaring in the urine under normal conditions even though the total
rate of potassium excretion is well below the rate of potassium filtra-
tion 5, This conclusion was based on the observation that mercurial
diuretics, which inhibit potassium transport, frequently dcpress
potassium excretion even though potassium excretion is well below
the rate at which potassium is filtered before the mercurial diuretic
is administered. '

Since that time evidence has accumulated that a major part of
the potassium excreted in the urine is normally derived from the sec-
retory process. Several years ago we proposed that it was convenient
to consider all of the filtered potassium to be reabsorbed and all of
the excreted potassium to be derived from secretion by the tubules ©.

- This was done for two reasons: first, this view was compatible with all
we knew about potassium excretion and seccond, and most important,
it greatly simplificd consideration ofthe mechanism by eliminating
reabsorption and, for most purposcs, glomecrular filtration from
considcration.

We believe that recent experiments strongly support this view which
was originally adopted largely as a matter of convenience. I should
like to describe briefly the experiments on which these conclusions are
based. They were done by Drs. Norman Levinsky, Douglas Davidson
and me? in dogs utilizing a preparation which makes it possible to
usc one kidney as a control for the other in the trained unanesthetized
animal. The bladderis divided into two pouches, cach containing one
urcteral orifice and cach pouch is connected permanently to the outside
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potassium excretion we interpret as due, not to a decrease in the amount
of potassium filtered, but to a decrease in the amount of sodium
available, at the proper place in the distal tubule, for exchange with
potassium.

The only rcasonable interpretation for these experiments is: 1)
the filtered potassium makes no appreciable contribution to the potas-
siumin the urine; 2) the reabsorption occurs higher up in the tubule
than the secrction and g) the maintenance of potassium secretion is
dependent upon the availability of adequate amounts of sodium.

Onc of the interesting and striking characteristics of the potassium
secretion mechanism is its relationship to the hydrogen ion sccrction
mechanism described by Dr. Pitts . Circumstances which depress
the capacity to secrete hydrogen ion increase the secretion of potassium,
-those which enhance the secretion of hydrogen ion depress the sccretion
of potassium. Conversely, conditions which enhance potassium sccre-
tion depress hydrogen ion secretion and thosc associated with low
potassium yicld high rates of hydrogen ion sccretion. These facts
led us to propose that potassium and hydrogen ion are sccreted, at lcast
in part, by the same mechanism and are in a form of competiton in
the process 0. I would like to show two experiments which, I belicve,
demonstrate rather nicely some of the aspects of potassium secrection
and its relationship to hydrogen ion. Although they do not show any
new phenomena they demonstrate established phenomena a little
more directly and elegantly than before. These experiments were
done by Drs. Orloff and Davidson ! in our laboratory and utilize
the chicken as an experimental animal according to a techiquc de-
vised by Sperber in Upsala, Sweden. The chicken possesses a renal
portal system as do all the vertebrates except the mammals. The renal
portal vein is to the kidney what the hepatic portal vein is to the
liver. Blood draining the somatic portions of the rcar half of the body
enters the renal portal vein which enters the kidney, breaks up into
a peritubular capillary circulation, joining the postglomerular blood
derived from the renal artery, and is then collected into the renal
vein which empties into the inferior vena cava. For this reason ma-
terial infused into a vein of the leg is delivered first to the peritubu-
lar capillaries of the kidney on the same side without access to the
glomeruli which it reaches only from the gencral circulation and
then equally on the two sides. Thus the glomerular filtrate is identi-
cal on the two sides, but the peritubular environment can be made
to differ. The effect of such differences can then be evaluated be-
cause cach urcter empties separately and directly into the cloaca where
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blood raiscs the carbon dioxide tension of the tubule cells, lowering
their pH and yielding what might be considered to be unilateral renal
respiratory acidosis. Note that despite the persistence of a higher
potassium concentration the rate of potassium excrction immediately
drops well below that of the control kidney and the urine pH falls to
the level of the control which is about as acid a urine as can be produced
by the chicken under these circumstances. This is, I believe, a rather nice:
demonstration of the inverse relation between potassium and hydro-
gen ion secretion.

I should like to mention two scts of conditions in which potassium
and hydrogen ion secretion may change in the same rather than op-
posite directions. These are: 1) when there are changes in the amount
of adrenal steroids available and 2) when there are changes in the
amount of sodium available to the common mechanism for exchange.
The effect of adrenal steroids is presumably an increase in the total
capacity of the mechanism which the two types of ion share so that there
is simultancously more room for both. However, there is no obligatory
effect of the salt-active adrenal steroids on potassium excretion since
no deficit of potassium is produced no matter how large a dose of
steroid is administercd if the sodium available for exchange is kept
low by rigid restriction of the salt intake 12,

The other factor which may change the secrction of both acid and
potassium in the same dircction is a change in the amount of sodium
delivered to the exchange mechanism. If these two ions can be secreted
only in exchange for sodium, as appears to be the case, then it does not
matter how great the capacity for secreting each if the amount of
sodium dclivered to the mechanism is insufficient to utilize this capacity..
Thus a change in sodium cxcrction from low . to high levels will
usually be accompained by an increase in potassium excretion.

Considering now those factors which determince the rate of potas-
sium cxcretion, we have already mentioned several including 1) the
rate of sodium excretion, 2) the availability of adrenal steroids with
aldosteronc-like activity, and 3) the state of acid-base balance. The
rate of glomerular filtration we have mentioned as relatively unim-
portant except to the extent that: 1) changes in glomerular filtration
may change the amount of sodium available to the exchange mecha-
nism, and 2) that changes in glomerular filtration may, under some
conditions, represent complete loss of the contribution of some of the
ncphrons.

The rate of potassium excretion is also poorly related to the plasma
potassium concentration except to the extent that the plasma potas—
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potassium and both are continuous processes, 2) there is evidence to
support the simpler view that all of the filtered potassium is reabsorbed
and that excrcted potassium is derived from the secrctory process
located in the distal tubule, 3) the mechanism operates by exchanging
potassium ions for sodium ions, and 4) the rate of secretion depends
on the capacity of the exchange mechanism, the rclative availability
of potassium and hydrogen ions within the cells, and the amount of
sodium available to the mechanism for exchange.
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