Dibartola Disorders of Potassium
· Potassium is the major intracellular cation in mammalian cells, whereas sodium is the major extracellular cation
· In experimental studies of dogs, control values for ICF sodium and potassium concentrations in skeletal muscle were 8.4 to 13.7 and 139 to 142 mEq/L, respectively
· Total exchangeable potassium as determined by 50K dilution was 47.1 mEq/kg in dogs and 55mEg/kg in cats
· As much as 95% or more of total body potassium is located within cells, with muscle containing 60%to 75% of this potassium
· One of the most important functions of potassium in the body is its role in generation of the normal resting cell membrane potential
· The normal relationship between ECF and ICF potassium concentrations is maintained by Na+ K+ ATPase in cell membranes
· Pumps sodium ions out of, and potassium ions into, the cell in a 3:2 Na/K ratio
· K+ ions diffuse out of the cell down their concentration gradient
· The cell membrane is impermeable to most intracellular anions (proteins and organic phosphates)
· A net negative charge develops within the cell as K+ ions diffuse out
· A net positive charge accumulates outside the cell
· A potential difference is generated across the cell membrane
· The principal extracellular cation is sodium, and it enters the cell relatively slowly down its concentration and electrical gradients, because the permeability of the cell membrane to potassium is 100-fold greater than its permeability to sodium
· Resting membrane potential in dogs is -90mV
Threshold of Cell
· The threshold cell membrane potential is reached when sodium permeability increases to the point that sodium entry exceeds potassium exit, depolarization becomes self-perpetuating, and an action potential develops
· Hypokalemia increases the resting potential (i.e., makes it more negative) and hyperpolarizes the cell
· Hyperkalemia decreases the resting potential (i.e., makes it less negative) and initially makes the cell hyperexcitable
· If the resting potential decreases to less than the threshold potential, depolarization results, repolarization cannot occur, and the cell is no longer excitable
· Membrane excitability also is affected by ionized calcium concentration and acid-base balance
· Calcium affects the threshold potential rather than the resting potential
· Ionized hypercalcemia requires greater than normal depolarization for this threshold to be reached
Potassium Balance
· External balance for potassium is maintained by matching output (primarily in urine) to input (from the diet)
· Virtually all ingested potassium is absorbed in the stomach and small intestine
· Transport of potassium in the small intestine is passive, whereas active transport (responsive to aldosterone) occurs in the colon
· Colonic secretion of potassium may play an important role in extra-renal potassium homeostasis in some disease states
· 90% to 95% of ingested potassium is excreted in urine, and the remaining 5% to 10% is excreted via the GI tract
· Adaptation occurs during chronic potassium loading so that the animal is protected from hyperkalemia
· Internal balance for potassium is maintained by translocation of potassium between ECF and ICF
· One half to two thirds of an acute potassium load appears in the urine within the first 4 to 6 hours
· Endogenous insulin secretion and stimulation of β2-adrenergic receptors by epinephrine promote cellular uptake of potassium in the liver and muscle by increasing the activity of cell membrane Na+K+ ATPase
Acid-Base effect on K+ distribution
· In general, acidosis is associated with movement of potassium ions from ICF to ECF, and alkalosis is associated with movement of potassium ions from ECF to ICF
· Hyperosmolality and lack of insulin are more likely to be responsible for hyperkalemia observed in patients with diabetic ketoacidosis than is the acidosis itself
· Metabolic acidosis of at least 2 to 3 days’ duration is associated with increased urinary potassium excretion and mild hypokalemia rather than hyperkalemia
Renal handling of potassium
· [image: ]Potassium is filtered at the glomerulus, and approximately 70% of the filtered load is reabsorbed isosmotically with water and sodium in the proximal tubule
· An additional 10% to 20% of filtered potassium is reabsorbed in the ascending limb of Henle’s loop
· 10% to 20% of the filtered load is delivered to the distal nephron, where final adjustments in potassium made
· Potassium experiences either net reabsorption or secretion in the connecting tubule, cortical collecting duct, and first portion of the outer medullary collecting duct, depending on the body’s needs
· In the proximal tubule, potassium is reabsorbed along with water by solvent drag via the paracellular route
· [image: ]Water reabsorption increases the luminal concentration of potassium enough to overcome the unfavorable transepithelial potential difference
· The transepithelial electrical potential difference becomes lumen positive in the late proximal tubule, and this facilitates reabsorption of potassium by the paracellular route
· Transcellular transport of potassium in the proximal tubular cells occurs bymeans of potassiumchannels in both luminal and basolateral membranes and by a K+ Cl-cotransporter in basolateral membranes
· In the thick ascending limb of the Henle loop, the transepithelial electrical potential difference is strongly lumen positive, and most potassium reabsorption occurs by the paracellular route
· [image: ]Potassium channels in the luminal membranes allow potassium to exit the cell down its concentration gradient and facilitate the electrochemical gradient for potassium reabsorption via the paracellular route
· Transcellular reabsorption of potassium is facilitated by the luminal Na+K+2Cl- cotransporter and by potassium channels and a K+Cl- cotransporter in the basolateral membranes
· The thiazide-sensitive Na+Cl- cotransporter and the K+Cl- cotransporter in the luminal membranes of the distal convoluted tubular cells result in secretion of potassium and reabsorption of sodium while chloride is recycled across the luminal membrane
· [image: ]The basolateral Na+ K+ ATPase maintains a low intracellular concentration of sodium and a high intracellular concentration of potassium that facilitate sodium reabsorption and potassium secretion across the luminal membranes
· Principal cells are found in the connecting tubule and collecting duct and are responsible for potassium secretion
· The basolateral membranes of principal cells are rich in Na+ K+ ATPase, which maintains a high intracellular potassium concentration
· The luminal membranes of the principal cells contain an electrogenic sodium channel (ENaC)
· This sodium channel is directly blocked by the diuretics amiloride and triamterene, whereas spironolactone antagonizes the effect of aldosterone on the channel
· Sodium movement through this channel renders the tubular lumen negative, and the resultant increase in lumen electronegativity facilitates secretion of K+ ions through luminal K+ channels
· [image: ]Type A or α intercalated cells contain H+ATPase and H+ K+ ATPase in their luminal membranes and Cl- HCO3- countertransporters and Cl- and K+ channels in their basolateral membranes
· They also contain carbonic anhydrase
· This allows the intercalated cell to secrete H+ ions and reabsorb K+ and HCO3-
· Potassium is actively transported across the luminal membranes of type a intercalated cells by H+K+ATPase and then diffuses down its concentration gradient through potassium channels in the basolateral membranes 
· Type A and α intercalated cells are found in the connecting tubule, cortical collecting duct, and outer medullary collecting duct
· Type B and β intercalated cells are found only in the cortical collecting ducts and secrete HCO3- ions
· They are able to do so because their polarity is reversed as compared with α intercalated cells
· Potassium is reabsorbed from the last portion of the outer medullary collecting duct and throughout the inner medullary collecting duct
· In these segments potassium is reabsorbed by the paracellular route despite a lumen-negative transepithelial potential difference, because reabsorption of water increases the chemical concentration gradient sufficiently to overcome the unfavorable electrical gradient
Determinants of Potassium Urinary Excretion
· Three main factors affect potassium secretion in the distal nephron: the magnitude of the chemical concentration gradient for potassium between the tubular cells and tubular lumen, the tubular flow rate, and the transmembrane potential difference across the luminal membranes of the tubular cells
· Gastrointestinal absorption of a potassium load increases the ECF concentration of potassium
· This results in an increase in the number of K+ ions available for uptake at the basolateral membranes of the distal tubular cells by Na+K+ ATPase, and the resulting increase in intracellular potassium concentration increases the chemical concentration gradient for diffusion of K+ ions out of the tubular cells across their luminal membranes
· Aldosterone is the most important hormone affecting urinary potassium excretion
· Its secretion by the zona glomerulosa of the adrenal gland is stimulated directly by hyperkalemia and angiotensin II (produced in response to volume depletion), whereas adrenocorticotropic hormone (ACTH), hyponatremia, and decreased extracellular pH play permissive roles in promoting aldosterone secretion
· Aldosterone release is inhibited by dopamine and atrial natriuretic factor, both of which are released in response to volume expansion
· Aldosterone increases reabsorption of Na and secretion of K and H ions in the distal nephron
· Its primary effect is to increase the number of open Na channels in the luminal membranes of the principal cells
· Sodium reabsorption via these luminal Na channels is electrogenic
· This electronegativity can be dissipated either by K or H ion secretion or by Cl reabsorption in the distal nephron
· Aldosterone increases the activity and number of Na K ATPase pumps in the basolateral membranes of the principal cells, and this effect may occur as a result of increased entry of Na ions across the luminal membranes
· Increased Na+ K+ ATPase activity in turn increases the intracellular K concentration and facilitates K secretion across the luminal membranes
· Aldosterone also increases the number of open K channels in the luminal membrane, thus facilitating K exit into tubular fluid
· Aldosterone can influence H+ secretion by directly promoting H+ ion secretion in H+ secreting type α intercalated cells by stimulation of the H+ ATPase present in their luminal membranes
· Aldosterone also promotes H+ secretion in the distal tubule by stimulating electrogenic Na reabsorption in principal cells and increasing lumen electronegativity, which favors enhanced H secretion
· An increase in distal tubular flow enhances potassium secretion by rapidly moving secreted K ions downstream and providing new tubular fluid from upstream in the nephron
· A decrease in distal tubular flow has the opposite effect and promotes dissipation of the chemical gradient for diffusion of K ions from principal cells into tubular fluid
· If a large concentration of a relatively nonresorbable anion (e.g., SO4, HCO3, penicillin) is present in distal tubular fluid, less dissipation of the electronegativity occurs, and K secretion is enhanced
· Extremely low luminal Cl concentrations (<10 mEq/L) may increase net potassium secretion, possibly because some fraction of K reabsorption or secretion may be accomplished by K Cl cotransport
Factors influencing renal potassium excretion
· High sodium intake is associated with increased urinary potassium excretion as a result of increased potassium secretion in the connecting tubule and cortical collecting duct
· Increased delivery of sodium to the distal nephron results in more sodium crossing the luminal membranes of the distal tubular cells down its concentration gradient
· This increased entry of Na ions into the tubular cells leads to increased activity of Na K ATPase in the basolateral membranes with removal of sodium to the peritubular interstitium and increased cellular uptake of potassium
· This increased intracellular potassium then crosses the luminal membranes of the tubular cells and enters the tubular fluid
· High potassium intake is associated with increased urinary potassium excretion as a result of increased tubular secretion of potassium in the connecting tubule, cortical collecting duct, and outer medullary collecting duct
· Occurs because of increased numbers and activity of Na K ATPase pumps, and amplification of the basolateral membranes of principal cells, which results from an increased concentration of aldosterone
· An increased concentration of aldosterone results in increased urinary excretion of potassium as a result of increased secretion of potassium
· Acute mineral metabolic acidosis decreases urinary excretion of potassium
· H+ enter cells to be buffered by intracellular proteins in exchange for K+ ions that leave cells and enter the ECF
· When this ion exchange occurs across the basolateral membranes of the cells of the connecting tubule and cortical collecting ducts, the resulting decreased intracellular concentration of potassium is associated with less tubular secretion of potassium because of a less favorable chemical concentration gradient
Hypokalemia
· The fractional excretion of K+ should be less than 4% for non-renal sources of loss, and in the presence of hypokalemia, values above 4% may indicate inappropriate renal loss
· The occurrence of hypokalemia in patients with metabolic alkalosis suggests vomiting of stomach contents or diuretic administration as likely causes of potassium loss
· In patients with hypokalemia and metabolic acidosis, diarrhea caused by small intestinal disease, chronic renal failure, and distal renal tubular acidosis are more likely causes of potassium loss
· Muscle weakness develops when serum potassium concentration decreases to less than 3.0 mEq/L, increased creatine kinase concentration develops when serum potassium concentration decreases to less than 2.5 mEq/L, and frank rhabdomyolysis may occur when serum potassium concentration decreases to less than 2.0 mEq/L
· Potassium is released from muscle cells during exercise, causing Vasodilatation and increased blood flow
· Electrocardiographic changes and cardiac arrhythmias may develop, because hypokalemia delays ventricular repolarization, increases the duration of the action potential, and increases automaticity
· Electrocardiographic changes associated with hypokalemia in human patients (e.g., decreased amplitude T waves, ST segment depression, and U waves) are not consistently observed in dogs and cats, but supraventricular and ventricular arrhythmias may occur
· Hypokalemia also renders the myocardium refractory to the effects of class I antiarrhythmic agents
· Potassium depletion produces functional and morphologic abnormalities in the kidneys, referred to as hypokalemic nephropathy
· Renal vasoconstriction leads to decreases in renal blood flow and GFR
· PU/PD are observed in potassium depletion and result from impaired responsiveness of the kidneys to ADH
· Defective collecting duct responsiveness to ADH is associated with decreased medullary tonicity, increased medullary blood flow, and impaired cAMP generation in response to ADH
· Decreased expression of ADH-regulated aquaporin-2 water channels in the luminal membranes of the renal epithelial cells of the cortical and medullary collecting ducts
· Potassium depletion increases renal ammoniagenesis and urinary net acid excretion, whereas potassium loading tends to have the opposite effect
· Proximal renal tubular sodium reabsorption is increased during potassium depletion, possibly as a result of an increase in the activity of the proximal Na+ H+ antiporter
· Na reabsorption is decreased during potassium depletion as a result of decreased aldosterone secretion and is a direct effect of decreased ECF potassium concentration on the zona glomerulosa of the adrenal glands
Specific Causes
· Hypokalemia arises from decreased intake, translocation of potassium from ECF to ICF, and excessive loss of potassium by either the gastrointestinal or urinary route
· Decreased intake of potassium alone is unlikely to cause hypokalemia
· Translocation of potassium into cells may occur with alkalemia, insulin release, and catecholamine release
· Alkalemia contributes to hypokalemia as K+ ions enter cells in exchange for H+ ions
· Insulin promotes uptake of glucose and potassium by hepatic and skeletal muscle cells and may contribute to hypokalemia when glucose-containing fluids are administered
· The stress of illness and the associated epinephrine release may also contribute to hypokalemia
· Severe hypokalemia has been reported in dogs that have ingested the b2-adrenergic agonist albuterol
· In Burmese cats ages 4-12 months some may develop a hypokalemic periodic paralysis where recurrent episodes of limb muscle weakness, neck ventroflexion, increased creatine kinase concentrations, and hypokalemia occur
· Hypokalemia may be present in 25% of dogs with gastrointestinal foreign bodies and occurred in association with hypochloremia, metabolic alkalosis, and hyponatremia
· Chloride depletion and sodium avidity related to volume depletion contribute to perpetuation of potassium depletion and metabolic alkalosis in this setting by enhancing urinary losses of K+ and H+ ions
· In distal (type I) renal tubular acidosis, hypokalemia is usually present before treatment, and urinary potassium losses may result in part from increased aldosterone secretion
· In proximal (type II) renal tubular acidosis, correction of acidosis requires large doses of NaHCO3, and hypokalemia usually appears during therapy
· This is a result of the increased delivery of Na and HCO3 ions to the distal nephron
· This enhances urinary potassium excretion by increasing distal tubular flow and lumen electronegativity (HCO3 is a relatively nonresorbable anion in the cortical collecting duct)
· Mineralocorticoid excess is a relatively uncommon cause of urinary potassium loss and hypokalemia in dogs and cats
· Older dogs with hyperaldosteronism as a result of aldosterone-producing adenomas or adenocarcinomas are presented for evaluation of weakness and polyuria
· Mild to moderate hypertension may be detected, and hypokalemia, hypernatremia, mild metabolic alkalosis, dilute urine, and extremely high serum aldosterone concentrations
· Affected cats are presented for evaluation of muscle weakness (sometimes with ventroflexion of the neck), ataxia, weight loss, polyuria, polydipsia, and ocular abnormalities (e.g., mydriasis, blindness, and retinal detachments) associated with hypertension
· Administration of loop or thiazide diuretics may cause hypokalemia as a result of increased flow rate in the distal tubules and increased secretion of aldosterone secondary to volume depletion
· Penicillin derivatives may cause hypokalemia by acting as nonresorbable anions in the distal tubule and increasing secretion of potassium into tubular fluid
· Amphotericin B may cause increased loss of potassium by binding to sterols in cell membranes and increasing permeability
Hyperkalemia
· Hyperkalemia is uncommon if renal function and urine output are normal
· Soon after ingestion of a potassium load, cellular uptake of potassium is mediated by insulin, epinephrine, and the resulting increase in ECF potassium concentration itself
· Renal excretion of the potassium load then follows
· The clinical manifestations of hyperkalemia reflect changes in cell membrane excitability and reflect the magnitude and the rapidity of onset of hyperkalemia
· Muscle weakness develops with hyperkalemia, usually when serum potassium concentration exceeds 8.0 mEq/L
· The effects of hyperkalemia on the electrocardiogram are increased amplitude and narrowing of the T waves and may occur with mild increases in serum potassium concentration
· We may also see shortening of the QT–interval, reflects abnormally rapid repolarization
· Moderate hyperkalemia may result in prolongation of the PR–interval and widening of the QRS complex because of slowing of conduction through the atrioventricular system.
· With progression of hyperkalemia, conduction through the atrial muscle is impaired, and decreases in the amplitude and widening of the P wave are observed
· In severe hyperkalemia, atrial conduction ceases, the P waves disappear, and pronounced bradycardia with a sinoventricular rhythm
· In extreme hyperkalemia, the QRS complex may merge with the T wave, creating a sine wave appearance, followed by ventricular fibrillation or ventricular asystole
Causes of Hyperkalemia
· Increased intake of potassium is unlikely to cause sustained hyperkalemia unless impaired renal excretion of potassium is present
· Translocation of potassium from ICF to ECF can cause hyperkalemia
· Acute metabolic acidosis caused by mineral acids (e.g., NH4Cl and HCl) but not organic acids (e.g., lactic acid and ketoacids) causes potassium to shift out of cells in exchange for H+ ions that enter cells to be buffered
· Induction of hypothyroidism in beagles led to a 41% decrease in the Na K ATPase content of skeletal muscle, which was associated with a decrease in the mean resting plasma sodium concentration and an increase in the mean resting plasma potassium concentration
· Insulin deficiency and hyperosmolality contribute to hyperkalemia in diabetic patients
· Hyperosmolality may increase serum potassium concentration as water moves from ICF to ECF and potassium follows because of solvent drag and as a result of the increased ICF potassium concentration resulting from cellular water loss
· Massive tissue breakdown may lead to transient hyperkalemia until the kidneys excrete the released potassium
· Acute tumor lysis syndrome complicated by renal failure and hyperkalemia has been reported in dogs and cats with lymphoma treated by radiation and chemotherapy
· Decreased urinary excretion is the most important cause of hyperkalemia in small animal practice and the most common associated disorders are urethral obstruction, ruptured bladder, anuric or oliguric renal failure, and hypoadrenocorticism
· Oliguria or anuria with hyperkalemia is more likely to occur in acute renal failure
· Severe reductions in GFR and urine output result in inadequate distal tubular flow for effective urinary excretion of potassium
· Increased release of potassium from tissues during this catabolic state and acute metabolic acidosis may contribute to translocation of potassium from ICF to ECF
· In dogs with hypoadrenocorticism, hyperkalemia has been reported in 74% to 96%, hyponatremia in 56% to 100%, and Na/K ratios less than 27:1 in 85% to 100% of cases
· Hyperkalemia was found in 9 of 10 cats with hypoadrenocorticism, whereas hyponatremia and Na/K ratios less than 27:1 were found in all 10 affected cats
· Altered Na/K ratios can also occur in dogs with gastrointestinal disease related to trichuriasis, salmonellosis, or perforated duodenal ulcer
· Hyperkalemia and hyponatremia also have been observed in dogs and cats with chylous pleural and peritoneal effusions, in a dog with pleural effusion caused by a lung lobe torsion, in a dog with a neoplastic pleural effusion, in a dog with portal hypertension and peritoneal effusion associated with Bartonella henselae infection, and in cats with peritoneal effusion caused by neoplasia or feline infectious peritonitis
· The hyperkalemia observed in these situations is thought to arise from decreased renal excretion of potassium as a consequence of volume depletion and decreased distal renal tubular flow
· Hyporeninemic hypoaldosteronism is an important cause of unexplained asymptomatic hyperkalemia in human patients, but this disorder has rarely been recognized in veterinary medicine
· Nonspecific β-blockers (e.g., propranolol) interfere with catecholamine mediated uptake of potassium by liver and muscle by blocking β2-adrenergic stimulation of cell membrane Na+K+ATPase
· Angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers (e.g., losartan) contribute to hyperkalemia by decreasing production of aldosterone by the adrenal glands and blunting glomerular efferent arteriolar constriction, which potentially can decrease delivery of sodium and water to the distal nephron and impair renal potassium excretion
· Heparin impairs aldosterone production by decreasing the number and affinity of angiotensin II receptors in the zona glomerulosa of the adrenal glands and may contribute to hyperkalemia in the presence of other predisposing factors
· Potassium sparing diuretics (e.g., spironolactone, amiloride, and triamterene) reduce urinary excretion of potassium and can cause hyperkalemia
· The immunosuppressive drugs ciclosporin and tacrolimus contribute to hyperkalemia in renal transplant patients by several mechanisms, including decreased aldosterone production, inhibition of Na+K+ATPase, and interference with luminal potassium channels in renal tubular cells
Treatment
· Underlying diseases should be treated promptly
· Hyperkalemia may be treated by antagonizing the effects of potassium on cell membranes using calcium gluconate
· By driving potassium from ECF to ICF with sodium bicarbonate or glucose (with or without concurrent insulin administration)
· By removing potassium from the body with a cation exchange resin or dialysis
· Administered calcium begins to work within minutes, but its effect lasts less than 1 hour
· Glucose works by increasing endogenous insulin release and moving potassium into cells, its effects begin within 1 hour and last a few hours
· The combination of insulin with glucose may result in greater reduction in serum potassium concentration, but there is a risk of hypoglycemia
· Sodium bicarbonate also works by moving K+ ions into cells as H+ ions leave cells to titrate administered HCO3- in the ECF and begins to work within 1 hour, and its effects last a few hours
· The cation exchange resin polystyrene sulfonate (Kayexalate) can be used to bind potassium and release sodium in the gastrointestinal tract
· Loop or thiazide diuretics increase the distal tubular flow rate and potassium secretion and may have adjunctive value in the treatment of hyperkalemia
· The β2 agonist albuterol increases cellular uptake of potassium by stimulating Na+K+ATPase activity and has been used to treat hyperkalemia in human patients 
· If all of these measures fail, the clinician must consider dialysis















Questions with answers:
1) Aldosterone release is inhibited by dopamine and atrial natriuretic factor, both of which are released in response to volume expansion.
2) Insulin (increases/decreases)_______________________ the sodium potassium pump activity.

3) Potassium leaves the cell during (anabolic/catabolic)____________________ states

4) During exercise potassium (leaves/enters) ______________________ myocytes

5) In a healthy animal the maintenance potassium requirements are ____________ to _____________ mEq/kg/h (0.05-0.1)

6) What are 4 potential EKG findings associated with clinical hypokalemia
[image: waves of the ecg]
· Ventricular arrhythmias
· Supraventicular arrhythmias
· Decreased T wave height
· U waves
· ST segment depression
· Apparent QT prolongation

7) What are 4 potential EKG findings associated with clinical hyperkalemia
· Tall/tented (tall and narrow) T waves
· Atrial standstill
· QT shortening
· QRS widening/prolongation
· Prolonged PR interval
· QRS and T waves merge into sine waves prior to Ventricular fibirillation/asystole

8) A dog presents with a potassium of 5.0 a Creatinine of 4.6 and phosphate of 11 after being on fluids at the rDVM.  6 hours before referral the rDVM placed the dog on enalapril. What are 2 issues that could occur by the addition of this ACE inhibitor.
· ACE inhibitors will cause efferent arteriolar dilation and can decrease GFR, this can in turn potentially worsen azotemia.
· ACE inhibitors impair renal excretion of potassium, this could potentially lead to an increase in potassium
9) A patient presents with monomorphic ventricular tachycardia. The patient is weak and recumbent. Their serum potassium is 2.0.  What is your first step in treating this arrhythmia and what are subsequent medications that you may administer to control the arrhythmia
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9) A patient presents with monomorphic ventricular tachycardia. The patient is weak and recumbent. Their serum potassium is 2.0.  What is your first step in treating this arrhythmia and what are subsequent medications that you may administer to control the arrhythmia

image6.png
LLLLL

At tenal i
i i

I I

en st i
el | -Jeginont |71 |
S |

~— 1

v

i





image1.png
Tubular luid

.

TEPD

Lumen positve

(majority of proximal tubule)

Figure 5-5 Renal wbular transport mechanisms for potassium in
the proximal tubule. TEPD, Transepithelial potential difference.
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Figure 5-6 Renaltubular transpor mechanisms for potassium in
the thick ascending limb of Henle’s loop. TEPD, Transepithelial




image3.png
Tubular luid

Intibited by
tniazide duretics

Tero
Lumennogaiive ﬁ

Figure 5-7 Renal wbular ransport mechanisms for potssiu
in the distal comvoluted tubule (early distal tubule). TEPD,
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Figure 5-8 Renal wbular transport mecharisms for potassium
in the principal cells of the fate distal tubule and collecting
duct. TEPD, Transepithelial potential difference. (Drawing by
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Figure 5-9 Renal wbular transport mechanisms for potassium i
the o intercalated cells of the lae distal tbule and collecting
duct. CA, Carbonic anhydrase; TEPD, Transepithelial potential




