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Recently a number of original studies and review articles (28, 31, 39, 50, 76, 77,

168) have Served to focus the attention of the investigator and the clinician on

the element potassium which, as a cellular and extracellular cation, accounts for

about one half of the extra-skeletal fixed base within the body. In view of the

diversity of the physiological processes and disease states encompassed in these

various reports, it has seemed advisable to us to try presenting these data as

they apply to various organs and systems. It is hoped that this will point out

both knowledge and ignorance. Emphasis will be placed upon exchanges of

potassium which occur between a) the organism and its external environment

and b) the extracellular fluid and the cells. In view of the limited number and

the accessibility of routes ordinarily involved in the external exchanges (gastro-

intestinal tract, kidney, and to a much lesser degree, the skin), these balance

sheets can be drawn with fair assurance. Much less certainty is present, however,

in discussing changes which take place between cells, such as those of liver,

muscle and nervous system, and the pericellular fluid since many of the estimates

of transfers are indirect or inferred.

A. GASTRO-INTESTINAL TRACT

1. Exogenous potassium. Under ordinary circumstances potassium enters the

body only through this route. It is present in practically all foods, being par-

ticularly high in animal and plant cells, including extracts of these such as

bouillon, coffee and cocoa (15). Public water supplies usually contain only a

fraction of a milliequivalent per liter. The daily intake of potassium may be zero

in patients who are starving and in those given only selected clear liquids, or 100

milliequivalents or more in an adult laborer on a substantial diet. Analyses

of animal and vegetable foodstuffs cited above indicate moreover that the amount

of potassium ingested may vary considerably, depending on the soil in which

vegetables were grown, the cut of meat, mode of preparation or preservation,

etc. The oral intake may also be augmented by the use of “salt substitutes”

which usually contain potassium. In animals, an excessive administration of this

cation as an inorganic salt produces pylorospasm (215). In humans, anorexia,

vomiting, diarrhea, abdominal discomfort as well as paraesthesias have been at

times observed with the ingestion of KC1 in multi-gram dosage (45, 212).

About four fifths of the ingested potassium is absorbed under ordinary circum-

stances at levels proximal to the large bowel. This is reflected in the relatively

low potassium content of formed stools (61, 62, 77, 167).

1 Established Investigator of the American Heart Association.
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�. Endogenous potassium. Several lines of evidence indicate that body potas-

sium may be lost via the gastro-intestinal tract. The invariable presence of this

electrolyte in saliva and gastric juice, in duodenal and small bowel secretions,

in pancreatic juice and in bile has been demonstrated (3, 94, 127, 145, 175, 176).

It is of particular importance to note that these fluids frequently contain potas-

sium in concentrations in excess of those which prevail in extracellular fluid,

though lower than those present in the water of cells. This characteristic suggests

that cells contribute potassium to these secretions.

It is obvious that the actual potassium concentrations encountered at any

particular level in the gastro-intestinal tract will be influenced by the intake, if

any, by the volume and composition of secretions, by the rate at which the

contents move, and finally by the degree to which water and solutes are re-

absorbed. It is not surprising to learn, therefore, that during periods of even

moderate losses of such fluids to the exterior, as in diarrhea or vomiting, con-

siderable deficits of body potassium can be incurred (39). Obviously the net

losses will be all the greater in disease states which interfere with the ingestion

and absorption of the usual potassium intake. This combination of potassium

inanition and negative balances of body potassium has been studied in consider-

able detail in infants with diarrhea (48, 49, 97, 123, 200), in pyloric stenosis of

newborns (41, 150), in adult patients representing a variety of gastro-intestinal

disorders (8, 9, 108, 135, 192), as well as in diabetic subjects in acidosis or coma

(25, 47, 92, 102, 103, 121, 148, 161, 163, 164, 177, 179, 185, 198, 201, 202, 206).

The bulk of potassium lost comes from cells, either directly, as in gastro-intestinal

tract secretions, or indirectly in replenishing extracellular supplies. Deficits may

involve as much as one filth of the potassium in the body. Evidence has been

brought forth indicating that these losses may be of sufficient magnitude to

jeopardize survival (86, 92, 100, 144).

Recognition of these exchanges of potassium between the body, the gastro-

intestinal lumen, and the external environment has logically led to their use in

removing excessive accumulations of body potassium such as those which occur

in renal failure. The older approach of purging has not been revived, however,

since it results in undesired losses of other body constituents such as sodium,

chloride, water, etc. The same criticism applies as well to the use of small b�el

lavage, though it is obvious that in both instances any inadvertent loss of extra-

cellular or cellular constituents can be replaced by parenteral routes. With the

latter technic such losses can also be avoided by the use of solutions of appropriate

composition. A newer approach involves the use of cation exchange substances
which can be administered orally. These include zeolites as well as sulfonic and

carboxylic resins (27, 35, 36, 60, 158). The last of these has undergone the most

extensive trials in human subjects (38, 44, 128). The H� or NH4� cycle carboxylic

cation exchange resin removes both exogenous and endogenous potassium with

subsequent loss in stools. Since these exchanges need not involve specific cations,

care must be taken to avoid depletion of sodium, either by replacement or by the

use of a Na+ cycle resin, alone or in combination with NH4+ or H+ charged resin.

Dramatic removal of accumulations of extracellular or cellular potassium by resin

I
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enema may also be achieved, although the effectiveness of this procedure varies

considerably (64).

B. LIVER

The cells and the surrounding fluid of the liver represent a store of body

potassium second in magnitude only to that in muscle. In several ways this

organ can be looked upon as a way-station in the travels of both exogenous and

endogenous potassium. Ingested potassium entering the portal system accumu-

lates in the liver in increments which are higher than those recorded in other sites

(129, 165). This appears to be related in part to the preferential position of this

organ, anatomically speaking. This interpretation is bolstered by the demon-

stration that, with intra-arterial injections into one of the limbs, the greatest

increases are those observed in the muscles supplied by the subdivisions of such

a vessel (217). Further support for this point of view is available in the finding

that injections of isotopic potassium into the antecubital veins produce maximal

rises in cardiac muscle (37).

Evidence is available, on the other hand, that the liver participates in a more

specific manner in the metabolism of this electrolyte. Thus, it should be noted

that this tendency for potassium accumulation in the liver occurs even when

this electrolyte is injected intravenously (63). Furthermore, potassium which is

released during muscular contraction is in part taken up by the liver (75).

Whether or not these are purposeful processes, it is clear that they do serve to

temper any sudden influx of potassium into the extracellular fluid. If this is kept

in mind, it is not unreasonable to suggest that the heretofore described congre-

gation of orally given exogenous potassium in the liver may be more than

fortuitous.

Published data indicate that deposition of glycogen in the liver is associated

with a proportionate retention of potassium and other cations (74, 79). Further-

more, unavailability of these electrolytes in optimal proportions under in-vitro

conditions results in less than maximal glycogen formation (109). Preliminary

studies have indicated, however, that a complete absence of these electrolytes

by no means abolishes the glycogenetic process in isolated rat diaphragm (183).

Nonetheless it is obvious that the formation or the breakdown of glycogen is in

general associated with increases and decreases, respectively, in liver potassium.

Finally, though specific evidence is lacking, it is probable that, as in the case of

muscle (v. infra), a protein-potassium ratio is present with gains or losses of

potassium as the liver nitrogen content varies.

Certain studies do suggest, however, that this tissue does not always follow

the pattern of potassium exchange characteristic of other tissues. Thus, desoxy-

corticosterone acetate (DOCA) administration does not produce depletion of

liver potassium nor does adrenalectomy raise the liver content of this electrolyte

(29, 52, 106). Also, the liver of potassium-depleted animals does not show the

large electrolyte and potassium changes evident in muscles (113). With extensive

hemorrhage, however, liver potassium is lost, presumably as a result of inter-

ruption of processes which maintain cell potassium levels intact (51).



EXCHANGES OF POTASSIUM 45

C. MUSCLE

The bulk of body potassium is located within the voluntary muscles. This

prepondernant distribution is related primarily to the mass of this tissue rather

than to any unusual concentration of potassium in these cells. Actually, in view

of the predominantly intracellular position of this ion, the cells of many other

tissues and organs, including bone, contain potassium in levels much higher

than those in extracellular fluid and as high as those in muscle (1 10, 146).

The mechanisms responsible for this disparate distribution remain as obscure

as they were at the time the difference was first established. They are maintained

by energy-linked processes, since with anoxia or death potassium pours out of

cells (26, 56, 80, 81, 91, 21 1 , 220). Thisfact, however, serves merely to confirm the

reality of the difference rather than to trace its origins. The advent of isotopic

potassium has served to establish that the potassium in cells is not absolutely

segregated since it exchanges in a matter of hours with administered K42 (24,

104, 114, 129, 143, 165).

There are other observations which point to the transferability of potassium

through membranes into or out of cells, including those in muscles. The occur-

rence of such migrations has been established in several ways for blood cells

(40, 46, 57, 105, 137, 141). Similarly in muscle it has been shown, as cited earlier

(75), that during contraction potassium is released from the cells and enters the

extracellular fluid. The relative constancy of muscle potassium concentrations in

itself is sufficient proof that a replacement of this lost fraction must subsequently

occur. Losses of tissue potassium following operations (14, 16, 166, 172), during

dehydration and starvation (10, 67, 69, 205, 210), diarrhea (86), vomiting (150),

Cushing’s syndrome (136, 208), or DOCA (53, 83, 140) or other steroid therapy

(65, 88, 149, 182) result in reversible deficits of muscle potassium. It has been

shown too that the entry of potassium into muscle cells may occur even when the

stores of this cation are not depleted (78, 204, 218). Moreover, the lowered

volumes of distribution of injected potassium salts in adrenalectomized animals

or in humans or dogs with far advanced renal failure suggest that intracellular

potassium concentrations are increased under these conditions (133, 216). This

has been confirmed by muscle analyses (22, 29, 33, 52, 106, 156). Finally, the

movement of potassium from extracellular fluids into cells in association with

an attack of periodic paralysis provides another example of such transfers (42, 82,

99, 170, 187, 189). In this last entity it is not certain whether the muscle potas-

sium stores are normal.

From the above observations it is clear that extensive transfers of potassium

take place into and out of living tissue cells under a wide variety of physiological

and pathological conditions, but the mechanisms by which these transfers are

effected are not completely delineated. Experimental evidence has been adduced

(19, 34) to support the theory that in skeletal muscle potassium passively diffuses

into the cell to neutralize the nondiffusible intracellular anions, sodium being

excluded. Since it was found that the extrusion of sodium is independent with

respect to the time of entry of potassium and must perforce be an active transport
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against a high concentration gradient, even this theory makes the transfer of

potassium dependent on energy-producing processes within the cell. From ad-

ditional data (29, 33) it has been calculated that in the adrenalectomized animal

potassium accumulates within the muscle cell as a result of the breakdown of

anionic complexes which produce an increase in their electrostatic force. This

change in the state of intracellular organic anions is associated with an increase

in glucose-i-phosphate and a decrease in glucose-6-phosphate and fructose-6-

phosphate, and is further evidence of the dependence of potassium exchanges on

metabolic processes, especially the carbohydrate phosphorylation cycle.

Other experiments confirm this interdependence. It has been shown in the

isolated living rat diaphragm that both glucose utilization and potassium uptake

are increased by the addition of insulin (130, 207). It is not a reciprocal obligatory

relationship, however, since, as mentioned previously, the absence ofpotassium in

the external medium does not prevent glycogenesis in such a preparation (183).

In intact rats, however, potassium depletion retards glycogenesis (98). Similarly

in the cells of E. coli in which the major portion of potassium appears to exist

as salts of hexose phosphate (17) potassium deficiency diminishes the incorpora-

tion of radioactive phosphate into phospholipids and nucleic acids in the presence

of glucose, hexose phosphates,. and other substrates (173). In-vitro studies (188)

have shown that potassium conditions the reaction of actomyosin with adenosine

triphosphate, but the exact mechanism by which this occurs is unknown.

It is customary to differentiate between movements of cell potassium occurring

in conjunction with the anabolism or catabolism of protein and those in excess

of such processes (1, 67, 69, 71). These subdivisions of the external and internal

balances of this electrolyte are justified in view of the characteristic proportions

in which K and N are lost from tissues during starvation (95). They point to the

existence of potassium transfers independent of nitrogen metabolism. Studies of

cation and water balances in various experimental and clinical situations have

indicated a) that extensive transfers of potassium in excess of nitrogen may occur

(41-43, 47, 49, 71, 102, 108, 124, 150, 169, 172, 192, 200), b) that frequently

these are associated with reciprocal though not necessarily equivalent move-

ments of sodium (34, 54, 66, 71, 83, 112, 152, 184), and c) that at times the base

within cells (potassium as well as sodium) may vary in osmotic activity (70, 71,

203). Since muscle potassium makes up the bulk of the cellular phase of this

electrolyte it is obvious that these processes will, from the quantitative point of

view at least, occur preponderantly in this tissue. It should be pointed out that

the failure to demonstrate alterations in the concentration of potassium in this

or in other tissues does not disprove the occurrence of increases or decreases in

this ion. Experimental evidence is available indicating that in the cellular phase.

just as in the extracellular phase, concentrations may remain intact as a result

of water movements, whereas the total amounts of potassium may be actually

decreased or increased (156).

It has been claimed that in organisms that have reached a state of biological

equilibrium (intact renal function) transfers of intracellular sodium and potas-

sium bear a relationship to extracellular bicarbonate and chloride concentration
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( 54). In experimental animals, extracellular hypochloremic alkalosis has been

associated with a movement of potassium out of, and sodium into, the intra-

cellular phase of skeletal muscle, this relationship holding whether the alkalosis

or the potassium depletion was initiated first (54, 97, 98). Hypochloremic alkalosis

is a common concomitant of hypokaliemia and intracellular potassium depletion

in many clinical conditions (8, 23, 41, 65, 66, 124, 135, 155a, 166, 172, 192). It

is not clear just how this relationship is effected, and some evidence has appeared

which suggests that intracellular sodium or chloride shifts are more directly

involved than are those of potassium (66). In any case the mechanisms involved

will not be clarified until a much more complete description is at hand of the

exchanges of both cations and anions in each phase occurring under these

conditions.

D. CARDIAC ASPECTS OF POTASSIUM METABOLISM

Though cardiac and skeletal muscles are histologically related, potassium

exchanges in these two tissues are not necessarily identical. It has already been

indicated that skeletal muscle changes need not be representative of those occur-

ring elsewhere in the body, for example, in the liver. Some of the difference

between the heart and other striated muscle may represent only analytical

limitations. Others can be adventitious ; thus, the higher uptake of K42 by cardiac

cells following intravenous injection probably represents a geographical ad-

vantage. However, at this time no organ other than the heart is known to respond

as dramatically to alterations in extracellular potassium. With moderate increases

in plasma or extracellular potassium, increments of only 1 or 2 milliequivalents

per liter above the upper limit of control values, the T wave of the electrocardi-

ogram becomes peaked; later the QRS may become prolonged (191, 213, 214).

As the levels rise toward 10-12 milliequivalents per liter the P waves are lost,

the QRS contour changes to intraventricular block, and cardiac standstill super-

venes before respiratory arrest. Blood pressure is maintained (119). This sequence

of events, first delineated in experimental situations, is frequently duplicated,

as will be mentioned later, in patients with anuria and less often in subjects with

far-advanced renal failure with maintained or even increased urine volumes. It

may also be seen in untreated diabetic coma and in patients given KC1 (21, 101,

162, 186). The importance of this sequence of events in clinical situations cannot

be over-emphasized, since preventative or remedial procedures are now at hand.

Even without the complicated technics and apparatus of vivo-dialysis, a high

carbohydrate-fat, no protein diet in renal failure or anuria will tend to prevent

potassium intoxication. If elevated levels are already present, cation exchange

resins will reverse the trend (44, 64).

On the other hand it has been shown that potassium deficiency induced in one

of several ways produces histological evidences of myocardial and, in some species,

skeletal muscle necrosis (53, 87, 139, 181). Cardiac enlargement and symptoms

of congestive failure have been described in potassium-depleted patients (92, 96).

The fact that mortality figures in infants ill with diarrhea can be favorably

affected by potassium therapy (86) may be related to functional or histological
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sequelae in this tissue. It is not clear whether the S-T and T depression and the

Q-T prolongation frequently associated with hypokaliemia represent alterations

produced by decreases in the potassium outside of cells, inside, or both.

E. POTASSIUM AND THE NERVOUS SYSTEM

The cells of this tissue, in common with other cells in mammals, contain

potassium in high concentrations. In spinal fluid, potassium concentrations are

significantly lower than those in extracellular fluid (1 1 1). The significance of this

disparity is not explicable by any known peculiarity of the extracellular-cellular

phases of nervous tissue. It may be related, however, to the anatomical fact

that the spinal fluid compartment is an analog of a bursa. Just as in other cells,

adrenalectomy is associated with a rise in potassium in nervous tissue (115).

Davenport, however, has indicated that in brain cells these changes do not

take place, and that in this regard the brain, at least in rats, resembles liver in

its behavior and contrasts sharply with skeletal muscle (54a). Another unusual

feature of this organ is its ability to withstand the swelling of cells accompanying

extracellular hypotonicity by releasing some of its own electrolytes (187a, 219).

Radioactive isotope distribution studies indicate that the penetration of

tagged molecules occurs much more slowly in brain than in other tissues (165).

This relatively slow interchange would suggest that acute phenomena associated

with potassium administration are related to the peri- rather than the intra-

cellular potassium. This view is in keeping with the paresthesia following potas-

sium treatment (134), with the slowing of EEG observed with the injection of

potassium as well as with the anti-curare (2, 18, 117, 122, 174) and perhaps the

muscle anti-fatigue effects (120, 199) of injected potassium salts. In connection

with this last group of studies it is of interest that hypokaliemia may mask

hypocalcemic tetany (72, 73).

In common with the blood cell system, the loss of potassium occurring after

incubation of brain tissue at body temperatures can be cancelled in lob by glucose

in an anaerobic system and accelerated by fluoride (59). During aerobic incuba-

tion of brain slices this has been reported after glucose and 1-glutamate but,

following glucose alone, the suppression of potassium loss is only partial (194).

Finally, perfusion of a local area of the cerebral cortex with high concentrations

of potassium transiently raises its rate of oxygen consumption (55).

Extensive transfers of potassium and sodium across the membrane of nerve

fibers occur in association with electrical activity in this tissue. By use of the

radioactive isotopes Na24 and K42, evidence has been obtained (116, 138) that

during excitation of the giant nerve fiber of the squid, the phase of inward current

is accompanied by entry of sodium and the more prolonged phase of outward

current by a movement of potassium out of the fiber. This is not a simple ex-

change of the two ions by diffusion since these permeability changes are sepa-

rated in time with the result that an action potential is produced during the cycle.

Although sodium is moving down an electrochemical gradient during the initial

phase, it must be actively transported against the gradient during the recovery

phase. An expenditure of energy must therefore occur. It has been suggested
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(160) that these sudden changes of membrane permeability are initiated by the

local action of acetylcholine on the protein of the membrane. Electrolyte ex-

changes during excitation of this tissue are not restricted to peripheral nerves.

Evidence of loss of potassium and gain of sodium by cerebral cortical neurones

following convulsions induced in rats and rabbits by metrazol, electric shock, or

sound has been obtained from micro-incineration and crystallographic analysis

(30).

F. THE ROLE OF THE KIDNEY

The major role of the kidney in regulating the body fluids has been proven

and emphasized repeatedly. Its importance in the excretion of potassium has

been realized more clearly since the experimental demonstration that anuria

following nephrectomy, ureteral ligation, and perhaps in some cases of HgCl2

intoxication, results in death from potassium poisoning (1 18) . More recent

studies in patients with far advanced renal failure have indicated that even

with continued urine output ECG changes and high extracellular fluid potassium

levels appear in a minority of these subjects (68, 85, 131, 132, 147, 171, 180, 190).

In the remainder, however, normal or even increased potassium excretion is en-

countered, sufficient at times to result in depletion (20, 23, 178). A number of

studies provide reasonable explanations for this diversity of patterns. It has been

shown in dogs that, either with an increased load of potassium presented to the

kidneys for excretion or during an osmotic diuresis, there is tubular secretion

of this electrolyte (12, 13, 89, 153-155). This finding makes it clear that potassium

present in the urine can come from glomerular filtrate, tubular secretate, or both.

It should not be surprising to find, therefore, that in nephron injury these two

sources can be unequally affected, and as a matter of fact clinical data are avail-

able indicating that tubular secretion of potassium still occurs in chronically

impaired kidneys (68, 142). This is based on the indirect evidence that in such

subjects the glomerular filtrate, even when huge errors in the measurement of its

rate of formation are assumed, cannot account for all of the potassium in the

urine. This obviously need not be solely the result of activity of aglomerular

nephrons, though such may be present.

Another function of renal tubules to be mentioned is the removal of potassium

from glomerular filtrate (151, 157, 193). In view of the fact that water can only

be abstracted but not added to the filtrate it is obvious that the occurrence of

urine-plasma ratios of potassium lower than unity is evidence of “active” re-

absorption of potassium. Though this is often cited as evidence for movement of

potassium against a concentration gradient in plasma, a moment’s thought makes

it apparent this is not the case. Actually the initial transfer of the ion is against

the high levels of potassium prevailing in cells, in this case, the proximal tubular

epithelium (32). Hence any reabsorption of potassium which occurs when concen-

trations of this electrolyte in filtrate are lower than that in tubular cells must

represent a transfer against a gradient.

These considerations raise important questions as to (a) the renal mechanisms

involved in the excretion of potassium under maximal and minimal stimuli,
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and (b) the means by which the kidney interprets and responds to these stimuli.

From the experimental work quoted above it is clear that active tubular re-

absorption and active tubular secretion of potassium occur under minimal and

maximal stimuli. It has been suggested that both mechanisms are active simul-

taneously in the excretion of a variety of substances, including potassium (6, 35).

Although there are no unequivocal data as yet concerning the overlap of these

two mechanisms between the two conditional extremes, the inhibitory actions of

mercury on tubular reabsorption during water diuresis and on tubular secretion

during potassium loading strongly suggest that filtered potassium is mostly

reabsorbed and that facultative excretion is a secretory process (153).

Whatever may be the mechanism of the renal excretion of potassium in any

particular instance, it is interesting to speculate on the way in which needs of

the body for the ion are made known to the kidney. Under conditions of pota.s-

sium deficit renal conservation may occur. It is hardly comparable to the abrupt

renal conservation of sodium ; urinary losses of potassium continue in the face of

inadequate intake for many days (47), and reach a minimum only slowly, if at

all (192). The stimulus does not appear to be simply the low concentration of

potassium in plasma and extracellular fluid, since such low levels are often already

present when the excretion rate is relatively high (192). Furthermore, the lowest

urine-plasma ratios are observed after extracellular fluid levels have returned to

normal (151). Likewise when potassium is administered in large amounts to

potassium-depleted subjects and taken up by cells of the body, the renal excretion

rate may not rise until several days after the plasma concentration has risen to
normal or high levels (151, 192). These data suggest that the kidney responds to

depletion and replenishment of potassium in the intracellular phase of tissues.

It has been suggested that the specific site of stimulus may be either in the cells

of the adrenal cortex (209) or in the renal tubule.

A similar interpretation is possible in regard to the stimulus for maximal

excretion of the ion. Elevation of the plasma level is not the only correlate.

Chronic dehydration is one of the strongest stimuli for the excretion of potassium

(67). Under such conditions it is unrelated to the plasma level, filtered load, or

rate of urine flow, and is accomplished at least in part by tubular secretion (155).

These data again suggest that at least one stimulus to potassium excretion is the

content or concentration of potassium in tissue cells.

G. ADRENAL CORTEX AND POTASSIUM METABOLISM

The accumulation of potassium in plasma, in extracellular water and in cells

during adrenal cortical insufficiency (22, 29, 33, 52, 106, 107, 156, 221, 222), as

well as the excessive urinary loss of potassium in extensive DOCA therapy

(83, 84, 90, 93) or in Cushing’s syndrome (159), has long since established the

importance of this gland in the metabolism of potassium. Furthermore, clear cut

morphological changes in the adrenal cortex accompany, at least in the rat,

alterations in the potassium intake. Thus on a low intake of an inorganic salt of

this cation the cortex is narrowed; with increased levels of intake it greatly

increases in size with associated evidences of augmented secretory activity
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(4, 5, 58). These alterations in form are accompanied by predictable changes in

function. Thus urinary potassium losses rise with increased intake of this electro-

lyte and cortical hypertrophy, and under the opposite circumstances the converse

is true. These alterations are presumably related to increases and decreases,

respectively, in the secretion of DOCA-like steroids. It is of interest that these

adjustments can occur in the absence of the anterior pituitary (1 1).

In view of these facts it would appear to be logical to assume that similar

correlations exist during periods characterized by smaller fluctuations in potas-

alum intake. If this be true, hormonal control of the urinary excretion of this

cation can be postulated as a homeostatic mechanism. At present, however,

there is no convincing evidence that any such precise relationship exists between

the adrenal and its neighbor, the kidney. Despite this lack of direct evidence it

should be emphasized that a variety of exogenous and endogenous steroids, the

latter produced under the stimulation of administered ACTH, do modify the un-

nary excretion pattern of potassium. Whether the different effects which have

been recorded, varying both in intensity and in direction, are the result of a di-

rect action of any particular compound on the tubular epithelium or represent

merely a secondary change is not known at present (7, 88, 125, 126, 149, 195-197).

In behalf of the latter prospect it should be noted that a vast body of experi-

mental facts is now being accumulated indicating that compounds with the ster-

oid configuration do exert a variety of effects totally unrelated to adrenal function.

CONCLUSION

Potassium is a substance ubiquitous in living organisms. It plays a role in the

physiological processes of nearly every type of tissue and organ; its pharmaco-

logical effects are legion. The wide scope of activities of this ion has been indicated

by the experimental observations set forth in the foregoing pages.

The role of potassium in physiological processes is so extensive that this review is ad-
mittedly incomplete. Indulgence is begged for the fact that many papers have been either
omitted from the review, inadequately criticized, or perhaps misinterpreted.
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