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DIURETICS  
 
Recommended Reading: Goodman & Gilman’s Manual of Pharmacology and Therapeutics 
Chapter 28; Basic & Clinical Pharmacology (Katzung, 10th edition) Chapter 15  
 

Learning Objectives 
 
By the end of the lecture, you should be able to: 
1. Recall the names, sites of action, and the mechanisms of action of diuretic drugs; 
2. Describe the effects of the different diuretic drugs on electrolyte excretion patterns; 
3. Relate the mechanisms of action of different classes of diuretic drugs to their potential adverse 

effects; 
4. Recognize the importance of the organic acid and base transport systems and protein binding 

to the renal actions of diuretic drugs; 
5. Compare the therapeutic applications of different classes of diuretic drugs; 
6. Identify conditions and/or drug interactions that interfere with or contraindicate diuretic use. 

 
 
DRUGS: 

 
A. Carbonic Anhydrase Inhibitors (acetazolamide, dichlorphenamide, 

methazolamide, dorzolamide) 

B. Osmotic Diuretics (mannitol) 

C. Loop Diuretics (furosemide, bumetanide, torsemide, ethacrynic acid) 

D. Thiazides (chlorthalidone, chlorothiazide, hydrochlorothiazide, metolazone, 
indapamide) 

E. Potassium-sparing Diuretics (spironolactone, eplerenone, triamterene, 
amiloride) 

F. ADH Antagonists (demeclocycline, lithium, tolvaptan, conivaptan, mozavaptan)
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1. INTRODUCTION 

A.  History of Diuretics 

 Diuretics effective for the treatment of edema have been available since the 
16th century. Edema is defined as an excessive accumulation of fluid in tissues 
or cavities. 

 Mercurous chloride was known by Paracelsus to be diuretic. 

 In 1930, Swartz discovered that the antimicrobial sulfanilamide could be used 
to treat edema in patients with congestive heart failure—effect attributed to an 
increase in renal excretion of Na+. 

 Most modern diuretics were developed when side effects of antibacterial drugs 
were noted, which included changes in urine composition and output. 

 Except for spironolactone, diuretics were developed empirically, without 
knowledge of specific transport pathways in the nephron.  

 Diuretics are currently among the most commonly prescribed drugs in the U.S. 
They are useful for treatment of diverse clinical conditions ranging from kidney 
stones to heart failure, but they can also have an extremely wide range of 
adverse effects. 

 

B.   Function of the Kidney 

 Kidneys control the extracellular fluid (ECF) volume by adjusting NaCl and 
H2O excretion. 

 Each day the kidney filters more than 22 moles of Na. To maintain NaCl 
balance approximately 3 lbs. of NaCl must be reabsorbed by the renal tubules 
on a daily basis.  

 Edema can develop when NaCl intake exceeds NaCl excretion, as may occur 
in congestive heart failure or renal failure.  

 Na+ reabsorption is driven primarily by Na+/K+ adenosine triphosphatase 
(ATPase) located at the basolateral (blood side) membrane of epithelial cells 
throughout the nephrons, the units of the kidney where reabsorption takes 
place.  

 The Na+/K+ ATPase is an energy-requiring pump which exchanges 3 Na+ for 2 
K+, thereby keeping a low Na+ concentration and a high K+ concentration 
within the cell.  

 On the luminal side of the tubule epithelium, cell-specific pathways exist for 
passive movement of Na+ down its electrochemical gradient from lumen to 
cell. These pathways form the physiological basis of diuretic action.  
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C.   Review of Renal Anatomy 

The substance of the kidney may be divided into an outer cortex and an inner 
medulla. The medulla is arranged into pyramid-shaped units called medullary 
pyramids, which are separated by extensions of cortical tissue. The medullary 
pyramids convey ducts which converge to discharge urine at their apices; the 
apices of the pyramids are known as renal papillae. Calyces are funnel-
shaped spaces into which one or more renal papillae project. The calyces 
converge to form the larger funnel-shaped renal pelvis from which the urine is 
conducted to the bladder by the ureter. 

See Figure 16.2 From: B. Young, J.S. Lowe, A. Stevens, and J.H. Heath, Wheater’s 
Functional Histology , 2006, p. 303 

 

 

Blood enters the kidney via the renal artery which branches to the interlobar, 
arcuate, and interlobular arteries, and finally to an afferent arteriole, which 
supplies a glomerulus. A glomerulus is a tightly coiled network of capillaries 
within a capsule of flattened epithelial cells called Bowman’s capsule. Blood 
exits the glomerulus via an efferent arteriole. 

Elements of plasma are filtered from the glomerular capillaries into Bowman’s 
space and the glomerular filtrate then passes into the renal tubule. The renal 
tubule is up to 55 mm long in humans and is lined by a single layer of 
epithelial cells. The primary function of the renal tubule is the selective 
reabsorption of water, inorganic ions, and other molecules from the 
glomerular filtrate. 

See Figure 16.4 From: B. Young, J.S. Lowe, A. Stevens, and J.H. Heath, Wheater’s 
Functional Histology , 2006, p. 304 
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2.  DIURETIC PHARMACOLOGY 

A.  GENERAL CONSIDERATIONS 

 The most common therapeutic goal of diuretic use is to reduce edema by 
reducing the extracellular fluid (ECF) volume. 

 For this to occur, NaCl output (excretion) MUST exceed NaCl intake (in diet). 

 Diuretics primarily prevent Na+ entry into the renal tubule epithelial cell, 
thereby increasing the excretion of Na+. 

 Once a diuretic enters the tubule fluid, the nephron site at which it acts 
determines its effect. In addition, the site of action also determines which 
electrolytes, other than Na+, will be affected.  

 Except for spironolactone, eplerenone, and ADH antagonists, diuretics 
generally exert their effects from the luminal side of the nephron. 

o It is necessary for diuretics to get into the tubule fluid in order to be effective. 

o Mannitol does this by filtration at the glomerulus. 

o Most other diuretics are tightly protein bound and undergo little filtration. They 
reach the urine via secretion across the proximal tubule (organic acid or base 
secretory pathway).  

Katzung BG. Basic & Clinical 
Pharmacology, McGraw Hill 
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o Decreased renal blood flow or renal failure reduces diuretic effectiveness as 
do drugs which compete for the secretory pump (for example, probenecid and 
NSAIDs compete with acidic drugs and cimetidine competes with basic 
drugs). 

 Tubule epithelial cells: a single cell layer between tubule lumen and interstitial 
space. 

o Na+ reabsorption is driven primarily by Na+/K+ ATPase at the basolateral 
(blood side) membrane of epithelial cells throughout the nephron.  

o The Na+/K+ ATPase is an energy-requiring pump which exchanges 3 Na+ for 
2 K+, thereby keeping a low Na+ concentration and a high K+ concentration 
within the cell. 

o On the luminal side, cell-specific pathways exist for passive movement of Na+ 
down its electrochemical gradient from lumen to cell.  

o Reabsorption occurs from the tubule lumen, across the epithelium to the 
interstitial space, and finally into the adjacent blood vessels. 
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B.  PROXIMAL CONVOLUTED TUBULE DIURETICS 

 

 The proximal convoluted tubule (PCT) determines the rate of Na+ and H2O 
delivery to the more distal portions of the nephron. 

 A wide variety of transporters couple Na+ movement into the cell to the movement 
of amino acids, glucose, phosphate, and other solutes.  

Carbonic anhydrase (CA) inhibitors (acetazolamide, dichlorphenamide, methazolamide, 
dorzolamide)  

o Mechanism of Action: Bicarbonate is primarily reabsorbed in the proximal tubule. H+ secreted 
into the lumen can combine with filtered bicarbonate (HCO3

-) to form H2CO3 that is then 
converted to CO2 and H2O (catalyzed by carbonic anhydrase). CO2 diffuses into the proximal 
tubule where it recombines with H2O to form H2CO3 (catalyzed by cytosolic carbonic anhydrase). 
H2CO3 dissociates into H+ and HCO3

-. HCO3
- exits the proximal tubule on the blood side, while 

H+ is again secreted into the tubule lumen. This results in HCO3
- reabsorption. If CA activity is 

inhibited, HCO3
- reabsorption is reduced and therefore much larger amounts of HCO3

- are 
delivered to the distal nephron. Because Na+ is the most abundant cation present in proximal 
tubule fluid, it is the major cation which accompanies HCO3

- out of the proximal tubule. In the 
distal nephron, Na+ is largely reabsorbed (unlike HCO3

-) and is exchanged for K+.  

Therefore CA inhibitors primarily cause an increase in urinary HCO3
-, K+, and water 

excretion. Effectiveness is reduced with continued therapy because plasma [HCO3
-] 

falls, reducing the amount of HCO3
- that appears in the urine.  

Katzung BG. Basic & 
Clinical Pharmacology, 
McGraw Hill 
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o Pharmacodynamics: Inhibits reabsorption of HCO3
- in the proximal convoluted tubule. 

o Pharmacokinetics: CA inhibitors are relatively weak diuretics. Well absorbed orally; 
effect begins within 30 minutes and is maximal within 2 hours; duration of effect is 12 
hours. Renal secretion is via the organic acid transporter. 

o Adverse effects: Metabolic acidosis (with prolonged use, due to urinary loss of 
bicarbonate) and hypokalemia (with acute treatment, due to increased delivery of Na+ 
and HCO3

- to the collecting tubule and the resulting increase in K+ excretion). Calcium 
phosphate stones (due to alkalinization of tubular fluid). Drowsiness, paresthesias & 
hypersensitivity rxns. 

o Contraindications: Hepatic cirrhosis (increased urine pH reduces NH3 secretion and 
thereby increases serum NH3; this exacerbates hyperammonemia that can lead to 
encephalopathies). 

o Indications: Generally given for reasons other than diuresis. Because ocular fluid and 
CSF production are dependent on CA, inhibitors can be used to treat glaucoma or 
increased CNS pressure. CA inhibitors can be given in conditions where urine 
alkalinization is beneficial (certain drug overdoses). CA inhibitors can also be used to 
prevent altitude sickness -- the decrease in serum pH lowers hemoglobin's affinity for 
oxygen, thereby increasing oxygen delivery to the tissues.  

Osmotic Diuretics (mannitol) 

 Mechanism of Action: Mannitol is a non-metabolizable osmotic diuretic and is filtered into 
the tubular space where it markedly increases tubular fluid osmolality. This change in 
osmotic gradient results in impaired reabsorption of fluid with a resultant increased 
excretion of water (some Na+ accompanies). Acts primarily in segments of the nephron 
that are permeable to water (PCT, descending limb of Henle’s loop, and CT (in the 
presence of ADH)). 

 Pharmacodynamics: IV administration causes expansion of intravascular volume; 
powerful diuretic effect once it reaches the kidney. 

 Pharmacokinetics: NOT orally absorbed-must be injected IV to reach the kidneys. In pts 
with normal renal function t½ is approx. 1.2 hr. 

 Adverse effects: The major toxicity is due to increased plasma osmolality. Particularly 
with reduced glomerular filtration rate (in diseases such as congestive heart failure (CHF) 
or renal failure), mannitol is distributed in the extracellular fluid (ECF). This moves water 
out of cells into ECF potentially worsening heart failure. Na+ follows water movement out 
of cells leading to hyponatremia.  

 Contraindications: CHF, chronic renal failure, acute pulmonary edema. 

 Indications: Maintain or increase urine volume; reduce intracranial pressure or intraocular 
pressure (opthamological procedures or glaucoma—requires intact blood-brain or blood-
occular barrier); promote renal excretion of toxic substances. 
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C. LOOP DIURETICS  

Thick Ascending Limb: 

o Impermeable to H2O. 

o Na+/K+/2Cl- cotransporter on 
luminal membrane driven by the 
Na+ gradient (maintained by the 
basolateral Na+/K+ ATPase). 

o Influx of K+ from both sides 
raises intracellular [K+]. 

o K+ diffuses back into the lumen 
creating (+) charge in lumen. 

o The (+) charge improves 
paracellular diffusion of other 
positively charged ions like Ca2+ 
and Mg2+. 

Loop Diuretics (e.g. furosemide): 

 Mechanism of Action: All loop diuretics act primarily by blocking the 
Na+/K+/2Cl- co-transporter in the apical membrane of the thick ascending limb 
of Henle's loop.  

 Pharmacodynamics: Because this is the same site responsible for 
concentrating extracellular fluid (ECF) and diluting urine, loop diuretics 
decrease these processes. The thick ascending limb is a major site of Ca2+ 
and Mg2+ reabsorption, processes that are dependent on normal Na+ and Cl- 
reabsorption. Therefore, loop diuretics increase urinary water, Na+, K+, Ca2+, 
and Mg2+ excretion. The loop diuretics also cause dilation of the venous 
system and renal vasodilation, effects that may be mediated by 
prostaglandins.  

 Pharmacokinetics: loop diuretics generally act within 20 min and t1/2 is approx. 
1-3 hr. They are rapidly absorbed from the gut (renal secretion mechanism--
organic acid transporter) and can be given i.v. This class of diuretics are the 
most efficacious available and can cause excretion of up to 20% of the 
filtered Na+. Rate of absorption is decreased in CHF.  

 Adverse effects: All loop diuretics can cause predictable electrolyte 
imbalances, including hyponatremia, hypokalemia, Ca2+ and Mg2+ depletion, 
metabolic alkalosis and volume contraction. Ototoxicity (impaired hearing) and 
hypersensitivity reactions may also occur. Loop diuretics can also induce mild 
hyperglycemia (perhaps due to hypokalemic-induced inhibition of insulin 
release).  

Katzung BG. Basic & 
Clinical Pharmacology, 
McGraw Hill
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 Contraindications: Caution in patients susceptible to hypokalemia. Adverse 
effects of digoxin are also more common in patients with low potassium levels 
(hypokalemia), since digoxin normally competes with K+ ions for the same 
binding site on the Na+/K+ ATPase pump. 

 Indications: Loop diuretics may be used for conditions refractory to less potent 
diuretics, or where a short acting diuretic is indicated. Specific indications 
include lowering blood pressure, reduction of acute pulmonary edema or 
edema associated with congestive heart failure, reduction of acute 
hypercalcemia or acute hyperkalemia. 

 Additional Loop Diuretics 

o BUMETANIDE 

About 40X more potent than furosemide 

Shorter half-life than furosemide: ~ 1 hr 

50% metabolized by the liver 

o TORSEMIDE 

Longer half-life than furosemide: ~ 3 hrs 

Longer duration of action, too: ~ 5-8 hrs 

Better oral absorption than furosemide 

80% metabolized by the liver 

o ETHACRYNIC ACID 

Last resort; used only when others exhibit hypersensitivity 

No CA inhibition 

Nephrotoxic and ototoxic 
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D. DISTAL CONVOLUTED TUBULE DIURETICS 

 

Distal Convoluted Tubule: 

– Impermeable to H2O. 

– The Na+ gradient drives the 
Na+-Cl- cotransporter. 

– Ca2+ reabsorption is 
controlled by parathyroid 
hormone (PTH), which 
regulates production of Ca2+ 
channels inserted in the 
luminal membrane. 

– Intracellular Ca2+ is pumped 
out the basolateral border 
by: 

• Na+/Ca2+ countertransport; high capacity exchanger. 

• The Ca2+ ATPase pump; low capacity pump. 

 

Thiazides (hydrochlorothiazide) and thiazide-like drugs (metolazone, indapamide): 

 Mechanism of Action: This is the most commonly prescribed class of diuretics. They 
inhibit Na+ and Cl- co-transport in the cortical thick ascending limb and early distal 
tubule.  

 Pharmacodynamics: They have a milder diuretic action than do the loop diuretics 
because this nephron site reabsorbs less Na+ than the thick ascending limb. In 
addition, if glomerular filtration rate falls, less fluid reaches the distal tubule and 
thiazides may only have a small impact on Na+ and water excretion. These 
compounds then are relatively ineffective in renal insufficiency. Thiazide diuretics 
tend to increase Ca2+ reabsorption. 

 Pharmacokinetics: All are well absorbed from the gut. Onset of action is within 
approx. 1 hr; effects can be long lasting but vary with the drug used (6-48 hr). 
Bioavailability is decreased in patients with renal disease, hepatic disease, and CHF.  

 Adverse effects: Hyponatremia & hypokalemia, dehydration, metabolic alkalosis, 
hyperuricemia, hyperglycemia*, hyperlipidemia*, weakness, fatigue, paresthesias & 
hypersensitivity reactions. 

*Hyperglycemia has been linked to diuretic-induced hypokalemia. K+ deficiency inhibits insulin secretion by 
pancreatic ß cells, although diuretic-induced changes in glucose metabolism are not conclusively related to 
altered K+ homeostasis—impaired glucose tolerance has been observed even when low dose thiazide diuretic 
therapy is combined with a K+ -sparing diuretic. Hyperglycemia with diuretic therapy may be exacerbated by an 
increase in sympathetic nervous system activity, which also decreases peripheral glucose utilization. 

Katzung BG. Basic & 
Clinical Pharmacology, 
McGraw Hill
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Hyperglycemia tends to increase with increasing doses of thiazide diuretics, is less common with loop diuretics, 
and is generally reversible on termination of the diuretic therapy. Short-term thiazide diuretic therapy can dose-
dependently elevate serum total cholesterol levels, modestly increase low-density lipoprotein cholesterol levels 
and raise triglyceride levels, while minimally changing high-density lipoprotein cholesterol concentrations. The 
mechanisms of diuretic-induced dyslipidemia remain uncertain, but have been related to worsened insulin 
sensitivity and/or reflex activation of the renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous 
system in response to volume depletion. Supporting this latter notion is the fact that doses of diuretics which are 
low enough so as not to activate the sympathetic nervous system, do not increase lipid values; in contrast, higher 
diuretic doses are more apt to be associated with reflex sympathetic nervous system activation and dyslipidemia. 

 Contraindications: Caution in patients that are susceptible to hypokalemia.  

 Indications: Hypertension treatment. They can be used in CHF, nephrotic syndrome and 
other Na+-retaining states. Thiazides can also be used to reduce tubular Ca2+ concentration 
to prevent kidney stones.  

 

Additional thiazide or thiazide-like diuretics: 

o Metolazone is a quinazoline diuretic that has the same sites of action and side 
effects as the thiazides. Metolazone is the strongest inhibitor of Na+ and water 
reabsorption of the thiazide and thiazide-like diuretics. It is one of the few 
distal nephron diuretics that can be efficacious in patients with severe renal 
insufficiency and may be given in combination with a loop diuretic in these 
patients if diuresis with either agent alone is inadequate. 

• CHLOROTHIAZIDE 

– 1/10th the potency of Hydrochlorothiazide 

– Half-life of 1.5 hrs 

• METOLAZONE 

– 10X more potent than Hydrochlorothiazide 

– Half-life of 4-5 hrs 

• INDAPAMIDE 

– 20X more potent than Hydrochlorothiazide 

– Half-life of 10-22 hrs; metabolized extensively by the liver 

• CHLORTHALIDONE 

– Same potency as Hydrochlorothiazide 
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E.  COLLECTING TUBULE DIURETICS 

Principal Cells: 

– The Na+ gradient drives influx of Na+ 
through its channel. 

– The efflux of K+ follows its concentration 
gradient. 

– Na+ absorption exceeds K+ secretion 
causing net (–) charge in the tubular 
lumen. 

– Net (–) charge repels Cl- and attracts K+ 
into lumen. 

– Aldosterone increases expression of 
Na+/K+ ATPase & channels 

– ADH regulates water channels and water 
reabsorption. 

Intercalated Cells: 

• Luminal membrane 

Proton pumps actively transport H+ 
into the lumen (expression is 
increased by aldosterone). 

• Basolateral membrane 

HCO3
-/Cl- passive countertransporter 

THE TRANSPORT PROPERTIES OF THE COLLECTING TUBULE ACCOUNT FOR SOME 
ADVERSE EFFECTS OF DIURETIC DRUGS THAT EXERT DIRECT EFFECTS AT MORE 
PROXIMAL SEGMENTS OF THE NEPHRON: 

Hypokalemic effects of CA inhibitors: 

1.  Increased HCO3
- in tubule leads to increased lumen negative potential. 

2. The lumen-negative potential enhances K+ efflux from the principal cells. 

Hypokalemic effects of Loop & Thiazide diuretics: 

1. Increased Na+ and Cl- in tubule leads to increased lumen negative potential. 

2. The lumen-negative potential enhances K+ efflux from the principal cells. 

Metabolic alkalosis with Loop & Thiazide diuretics: 

1. Increased Na+ and Cl- in tubule leads to increased lumen negative potential. 

2. The lumen-negative potential enhances H+ efflux from the intercalated cells. 

Katzung BG. Basic & 
Clinical Pharmacology, 
McGraw Hill 



Medical Therapeutics Diuretics  
October 10, 2016 K. L. Byron, Ph. D. 
 

13 
  
 

Potassium sparing diuretics 

These agents are often given to avoid the hypokalemia that accompanies the agents previously 
described. They should never be given in the setting of hyperkalemia or in patients on drugs or 
with disease states likely to cause hyperkalemia. The latter include diabetes mellitus, multiple 
myeloma, tubulointerstitial renal disease, and renal insufficiency. Potassium supplements and ACE 
inhibitors/ARBs can cause hyperkalemia and should not be combined with K+ sparing diuretics.  

Commonly used medications that can cause hyperkalemia 

Medication Mechanism 

ACE inhibitors/ARBs Prevent angiotensin-II (AngII) -induced aldosterone release 
Renin inhibitors Prevent AngII production & its stimulation of aldosterone release 
NSAIDs Block prostaglandin-induced renin secretion/aldosterone release 
Digitalis overdose Inhibits the Na+/IK+-ATPases of the renal tubule epithelial cells 
Trimethoprim A cationic antibiotic agent, trimethoprim blocks Na+ channels in the apical 

membrane of the principal cells of the collecting tubules 
Pentamidine Same mechanism as trimethoprim—blocks distal potassium secretion into 

the collecting ducts 
Heparin Decreases aldosterone release by reducing both the number and affinity 

of the AngII receptors in the zona glomerulosa 
Salt substitutes Contain potassium—absorbed into circulation to directly elevate serum 

potassium levels 
Succinylcholine Activates AChR in neuromuscular junction moves potassium from 

intracellular to extracellular fluid 
Cyclosporine Multifactorial, including hyporenin-hypoaldosteronism and interference 

with aldosterone action in the principal cells of the collecting tubules 
β blockers Prevent sympathetic activation of renin release 

Spironolactone and eplerenone 

 Mechanism of Action: Spironolactone & eplerenone are competitive antagonists of aldosterone 
binding to the cytosolic mineralocorticoid receptor in the principal cells of the collecting tubule —
they block the actions of aldosterone (increased Na+ and H2O retention).  

 Pharmacodynamics: Block aldosterone-stimulated Na+ reabsorption and K+ and H+ secretion in 
the late distal convoluted tubule and collecting tubule. This results in mild diuresis due to 
decreased Na+ reabsorption. Also reduce aldosterone-stimulated ammoniagenesis throughout 
the nephron.  

 Pharmacokinetics: Given orally, spironolactone takes up to 2 days to be effective with a t1/2 

approx. 20 hr. Undergoes substantial hepatic metabolism and acts through the blood side of the 
tubule. A weak diuretic because its site of action reabsorbs only modest amounts of Na+.  

 Adverse effects: Major side effects are hyperkalemia and metabolic acidosis. Spironolactone 
can cause gynecomastia or amenorrhea (mildly enhances estrogen levels/activity) due to cross-
reactivity with androgen receptors. Eplerenone is considerably more expensive than 
spironolactone, but it does not inhibit testosterone binding and therefore it does not induce 
gynecomastia or other related anti-androgenic side effects. 

 Contraindications: Do not use in setting of hyperkalemia.  
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 Indications: Greatest efficacy in patients with high plasma levels of aldosterone (e.g. 
hyperaldosteronism due to adrenal tumor or hyperplasia). Also useful in patients with 
secondarily elevated aldosterone, e.g. hepatic cirrhosis, CHF. May be effective in treating 
hypertension, often in combination with loop or thiazide diuretics. 

Amiloride and triamterene 

 Mechanism of Action: Both agents block Na+ channels in the apical membranes of the late distal 
tubule and collecting tubule epithelial cells.  

 Pharmacodynamics: Because K+ and H+ secretion in this nephron segment are driven by the 
electrochemical gradient generated by Na+ reabsorption, K+ and H+ transport into the urine is 
reduced.  

 Pharmacokinetics: Both agents are effective orally. Secreted into PCT by organic base 
transporter. T1/2 of amiloride and triamterene are 21 and 4 hr, respectively. These compounds 
are primarily eliminated by the kidney. Relatively weak diuretics.  

 Toxicity: The most severe side effect is hyperkalemia, but metabolic acidosis can also occur. 
Nausea and vomiting are the most frequent side effects while hyponatremia may be problematic 
in the elderly.  

 Indications: Usually given together with another diuretic, often a thiazide or loop diuretic. This 
combination can result in normal K+ excretion (hypokalemic effect of thiazide or loop balances 
hyperkalemic effect of amiloride or triamterene).  

 Contraindications: similar to Spironolactone -- Do not use in setting of hyperkalemia.  

ADH Antagonists: Demeclocycline, Lithium, Tolvaptan, Conivaptan, Mozavaptan 

• Demeclocycline: tetracyline antibiotic – nephrotoxic 

• Lithium: Psych drug used for treatment of mania – nephrotoxic 

• Both demeclocycline and lithium inhibit ADH-stimulated water reabsorption in the 
collecting tubule—poorly characterized mechanisms may include reduction of either 
cyclic AMP formation or insertion of aquaporin 2 water channels in the luminal 
membrane. 

• V2 vasopressin receptor antagonists: tolvaptan, conivaptan, mozavaptan, (lixivaptan, satavaptan, 
and OPC-31260) 

• Induce increased, dose-dependent production of dilute urine. 

• Tolvaptan is effective orally and has a half-life of 6 to 8 hours. 

• Conivaptan: combined V1a and V2 receptor antagonist: intravenous formulation of 
conivaptan is available for the treatment of euvolemic hyponatremia. 

• Potential adverse effects: hypernatremia, thirst, dry mouth, hypotension, dizziness.  

• Indications: SIADH; euvolemic or hypervolemic hyponatremia; congestive heart failure.  
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Some diuretic formulations with trade names: 

Acetazolamide (Daimox) 

Amiloride and Hydrochlorothiazide (Moduretic)  

Bumetanide (Bumex)  

Conivaptan (Vaprisol) 

Chlorthalidone (Hygroton, Thalitone)  

Chlorothiazide (Diuril) 

Dichlorphenamide (Daranide) 

Eplerenone (Inspra) 

Ethacrynic acid (Edecrin) 

Furosemide (Lasix)  

Hydrochlorothiazide (Esidrix, Ezide,  

Hydrodiuril,  Microzide, Oretic) 

Indapamide (Lozol)  

Mannitol (Osmitrol) 

Metolazone (Mykrox, Zaroxolyn)  

Methazolamide (GlaucTabs) 

Urinary Electrolyte Patterns 

Agent NaCl NaHCO3 K+ 

Carbonic anhydrase 
inhibitors 

+ +++ + 

Loop agents ++++ - + 

Thiazides ++ ± + 

Loop agents 
plus thiazides 

+++++ + ++ 

K+-sparing 
agents 

+ - - 

CHANGES IN URINARY ELECTROLYTE PATTERNS IN 
RESPONSE TO DIURETIC DRUGS 
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Spironolactone (Aldactone) 

Torsemide Oral (Demadex Oral)  

Triamterene (Dyrenium, Midamor)  

Triamterene and Hydrochlorothiazide  

(Dyazide, Maxzide)
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3.  DIURETIC THERAPY 

A. Edema (excessive accumulation of fluid in the interstitial space) 

Capillary Filtration: movement of water across the capillary wall is determined by: 

i.  Hydrostatic pressure gradient between capillary & interstitial space (Pcap-Pis) 

ii.  Oncotic pressure (πis-πcap) 

   π=σRT(Ccap-Cis) 

Where 

   σ = Reflection coefficient 

   R = Gas constant 

   T = Absolute temperature 

Ci & Co = Solute concentrations (i.e. [albumin]) in capillary & interstitial space 

iii. Capillary permeability 

 

Diuretics will tend to decrease capillary hydrostatic pressure and increase plasma 
oncotic pressure to favor absorption over filtration.

KLB
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B. Kidney Diseases 

• Most cause retention of salt & H2O.  

• Renal insufficiency reduces efficacy of most diuretics because of reduced glomerular 
filtration (cannot sustain naturiesis). 

• Diabetic nephropathy—often associated with hyperkalemia—may be treated with 
thiazides or loop diuretics. 

C. Hepatic Cirrhosis 

• Portal hypertension, hypoalbuminemia 

• Leads to a reduction in plasma volume. 

• Activates renin-angiotensin-aldosterone axis. 

• 2° hyperaldosteronism results in Na+ retention in kidney. 

• Associated with ascites and peripheral edema. 

• Spironolactone, eplerenone are effective. 

• May be somewhat resistant to loop diuretics—limited by hypokalemia. 

D. Congestive Heart Failure 

• The failure of the heart to effectively pump blood leads to poor renal perfusion, 
which causes the kidneys to release renin. Plasma renin-angiotensin rises. 
Angiotensin stimulates aldosterone release, which causes Na+ retention (and 
edema). 

• If aldosterone is high and if distal tubular sodium supply is also high, as may 
occur with thiazide or loop diuretic therapy, kaliuresis will be sustained.  

• K+ depletion (hypokalemia) can lead to ventricular arrhythmias and impaired 
cardiac performance (significantly increased risk of coronary events, stroke, and 
sudden death). 

• Spironolactone may be an effective adjunct or alternative diuretic to prevent 
hypokalemia-induced cardiac dysfunction. 

• ACE inhibitors may be combined with thiazide or loop diuretics, but should not be 
combined with spironolactone. 
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Heart Failure 

• Left heart failure (acute): 

– ↑hydrostatic pressure in lung capillaries. 

– Pulmonary edema. 

– Life-threatening—requires rapid, aggressive therapy such as i.v. loop 
diuretic. 

• Right heart failure (chronic): 

– Redistribution of extracellular fluid volume from arterial to venous circulation. 

– Venous, hepatic, splenic congestion, & peripheral tissue edema. 

– Oral loop diuretics often are effective if carefully managed. 

E. Hyponatremia  

Hyponatremia, defined as a serum sodium concentration ([Na+]) less than 136 
mEq/l, is the most common electrolyte disorder in hospitalized patients 
(Kennedy et al. Br Med J 2:1251-1253, 1978). 

Hyponatremia may be associated with: 

a) Hypovolemia: causes include diarrhea, vomiting, excessive 
sweating; infusion of 0.9% saline is usually an effective treatment. 

b) Euvolemia: causes include Syndrome of Inappropriate ADH 
secretion (SIADH), hypothyroidism, adrenal insufficiency; saline 
infusion may be ineffective or worsen hyponatremia. 

c) Hypervolemia: causes include congestive heart failure, cirrhotic 
liver disease, nephrotic syndrome; saline infusion may not improve 
hyponatremia, and will likely worsen edema. 

 
In May 2009, tolvaptan (Samsca; Otsuka), a selective vasopressin V2 
receptor antagonist, was approved by the US FDA for the treatment of 
clinically significant hypervolemic and euvolemic hyponatraemia (serum 
sodium concentration <125 mmol per litre or less marked hyponatremia that 
is symptomatic and has resisted correction with fluid restriction), including 
patients with heart failure, cirrhosis and SIADH. Conivaptan (Vaprisol; 
Astellas), a vasopressin V1a/V2 receptor antagonist is also approved in the 
United States for euvolemic and hypervolemic hyponatraemia. (Ghali et al., 
Nature Reviews Drug Discovery 8, 611-612 (August 2009)). Mozavaptan, 
another selective vasopressin V2 receptor antagonist, was approved in 
October 2006 for hyponatremia caused by SIADH due to ADH producing 
tumors. 
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F. Hypertension 

SEVENTH REPORT OF THE JOINT NATIONAL COMMITTEE ON 
PREVENTION, DETECTION, EVALUATION, AND TREATMENT OF HIGH 
BLOOD PRESSURE. 

Chobanian et al. (2003) Hypertension 42: 1206 –1252. 

• For uncomplicated hypertension, a thiazide diuretic should be used in drug 
treatment for most, either alone or combined with drugs from other classes. 

• Two or more antihypertensive medications will be required to achieve goal BP 
(140/90 mm Hg, or 130/80 mm Hg) for patients with diabetes and chronic 
kidney disease. 

• For patients whose BP is more than 20 mm Hg above the systolic BP goal or 
more than 10 mm Hg above the diastolic BP goal, initiation of therapy using 
two agents, one of which usually will be a thiazide diuretic, should be 
considered. 

G. Nephrogenic Diabetes Insipidus 

 Characterized by a loss of effect of ADH on the kidney. 

 Thiazide diuretics first reported to be an effective therapy in 1959 by Crawford 
& Kennedy (Nature 183 : 891–892, 1959). 

H. Nephrolithiasis 

 ⅔ of renal stones contain calcium phosphate or calcium oxalate. 

 Hypercalciuria may be treated with thiazide diuretics and ↓NaCl intake. 

I. Hypercalcemia 

 Potentially life-threatening. 

 Can be treated with i.v. loop diuretics and saline infusion. 
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4.  DIURETIC RESISTANCE 

 Edema refractory to a given diuretic drug. Causes include: 

 NSAID co-administration (block prostaglandin-induced increase in RBF, increase expression 
of Na+/K+/2Cl- co-transport in TAL, compete for organic acid transporter in PCT). 

 Congestive heart failure (CHF) or chronic renal failure (reduced RBF decreases delivery of 
diuretics to tubule; build-up of organic acids competes for secretory transport into tubule). 

 Nephrotic syndrome (protein in tubule binds to diuretic drugs and limits their actions). 

 Hepatic cirrhosis, CHF, renal failure (decreased GFR results in increased PCT absorption of 
Na+; decreased delivery of Na+ to the distal nephron decreases effect of drugs that target 
Na+ transporters or channels in these segments). 

Therapeutic strategies may include increasing dose, decreasing dosing interval, or adding 
another drug with a different site of action (i.e. combination therapy). 

 
5. COMBINATION THERAPY 

Loop + Thiazide Diuretics: 

 only in patients refractory to one or the other. 

 may be too robust and lead to K+ wasting. 

K+-sparing + Loop or Thiazide: 

• prevents hypokalemia. 

• avoid in renal insufficiency. 

 
 
6. LIST OF DRUGS COVERED IN LECTURE: 

A. Carbonic Anhydrase Inhibitors (acetazolamide, dichlorphenamide, 
methazolamide, dorzolamide) 

B. Osmotic Diuretics (mannitol) 

C. Loop Diuretics (furosemide, bumetanide, torsemide, ethacrynic acid) 

D. Thiazides (chlorthalidone, chlorothiazide, hydrochlorothiazide, 
metolazone, indapamide) 

E. Potassium-sparing Diuretics (spironolactone, eplerenone, triamterene, 
amiloride) 

F. ADH Antagonists (demeclocycline, lithium, tolvaptan, conivaptan, 
mozavaptan) 
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Diuretic Class 
(site and mechanism of action) 

Main Indications Other Uses 

Carbonic Anhydrase Inhibitors 
Acetazolamide, dorzolamide, 
methazolamide, and dichlorphenamide 
inhibit CA in luminal membrane of 
proximal tubule, reducing proximal 
HCO3

- reabsorption.  

To reduce intraocular 
pressure in glaucoma.  
To lower [HCO3

-]p in 
"mountain sickness".  
To raise urine pH in 
cystinuria. 

Hypokalemic periodic 
paralysis.* 
Adjunctive therapy in 
epilepsy. 
Solid hypoxic tumors? 

Osmotic Diuretics 
Freely filterable, non-reabsorbable 
osmotic agents like mannitol, glycerol, 
and urea act primarily on the proximal 
tubule to reduce the reabsorption of 
H2O and solutes including NaCl.  

To treat or prevent Acute 
Renal Failure (ARF). 
 

To reduce intra-cranial or 
intra-ocular pressure.  
 
To enhance urinary 
excretion of chemical 
toxins. 

Loop Diuretics 
Furosemide, bumetanide, torsemide, 
and ethacrynic acid inhibit the Na+/ K+/ 
2Cl- cotransport system in the thick 
ascending limb of Henle's loop (ALH). 

Acute Pulmonary Edema. 
Hypertension. 
Congestive heart failure 
(CHF)—in the presence of 
renal insufficiency or for 
immediate effect). 
ARF, CRF, ascites, and 
nephrotic syndrome 

Hypercalcemia. 

Thiazide  
Chlorothiazide, hydrochlorothiazide, 
chlorthalidone, metolazone, 
indapamide inhibit NaCl cotransport in 
early distal convoluted tubule (DCT). 

Hypertension. 
Edema due to CHF, 
hepatic cirrhosis, renal 
disease. 
Idiopathic Hypercalciuria 
(renal calculi). 

Nephrogenic Diabetes 
Insipidus (prevent further 
urine dilution from taking 
place in the DCT). 
 

K+-Sparing Diuretics  
Spironolactone & eplerenone 
competitively block the actions of 
aldosterone on the collecting tubules.  
Amiloride and triamterene reduce Na+ 
entry across the luminal membrane of 
the principal cells of the collecting 
tubules.  

Chronic liver disease: to 
treat secondary hyper-
aldosteronism due to 
hepatic cirrhosis 
complicated by ascites 
(spironolactone, 
eplerenone). 
To prevent the 
hypokalemic effects of 
other diuretics. 

Primary 
hyperaldosteronism 
(Conn's syndrome)—
spironolactone, 
eplerenone. 

ADH Antagonists Doxycycline, 
lithium, tolvaptan, conivaptan, 
mozavaptan, etc. prevent ADH-
induced water reabsorption in the 
principal cells of the collecting tubule. 

SIADH 
Euvolemic or hypervolemic 
hyponatremia. 

Congestive Heart Failure 
(CHF). 

*may require dietary potassium supplements to prevent potassium wasting.  
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Main Side Effects of Diuretics 

Carbonic Anhydrase Inhibitors 
Metabolic acidosis (due to HCO3

- depletion with prolonged 
treatment), hypokalemia (acute effect) 
Drowsiness, fatigue, CNS depression, and paresthesia.  

Osmotic Diuretics 
Acute expansion of ECF volume and increased risk of pulmonary 
edema, hyponatremia (with impaired renal function); hypernatremia 
(prolonged use with normal GFR). Nausea and vomiting; headache. 

Loop Diuretics  
Hypokalemia; hypomagnesemia; hyponatremia; hypovolemia;  
Hyperuricemia* 
Metabolic alkalosis 
Ototoxicity and diarrhea (mainly with ethacrynic acid) 

Thiazide  
Hypokalemia; hyponatremia; hypovolemia; 

Hyperuricemia due to enhanced urate reabsorption* and 
hypercalcemia due to enhanced Ca2+ reabsorption 

Metabolic alkalosis  
Hyperglycemia (insulin resistance); hyperlipidemia. 
Hypersensitivity (fever, rash, purpura, anaphylaxis); interstitial 
nephritis. 

K+ - Sparing Diuretics 
Spironolactone: hyperkalemia, gynecomastia, hirsutism; menstrual 
irregularities; testicular atrophy (with prolonged use). 
Amiloride: hyperkalemia, glucose intolerance in diabetic pts. 
Triamterene: hyperkalemia; megaloblastic anemia in pts with liver 
cirrhosis. 

ADH Antagonists 
Lithium, doxycycline: nephrotoxic 
Tolvaptan, conivaptan, mozavaptan: hypernatremia, thirst, dry 
mouth, hypotension, dizziness 

 
* The proximal tubule is the major site of uric acid handling; both reabsorption and secretion 
occur in this segment, with the net effect being the reabsorption of most of the filtered uric 
acid. Thiazide and loop diuretics decrease uric acid excretion by increasing net uric acid 
reabsorption; this can occur either by enhanced uric acid reabsorption or by reduced uric 
acid secretion—or a combination of both effects. Hyperuricemia can cause gout.
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Interactions 

Interacting Drugs Potential Interactions 

ACE inhibitors /  
K+ - sparing diuretics 

 increased hyperkalemia  cardiac arrhythmias 
(monitor serum K+ closely)  

Aminoglycosides / 
Loop diuretics 

 ototoxicity and nephrotoxicity. 
(monitor hearing and serum creatinine closely) 

Anticoagulants / 
Thiazide & Loop diuretics 

 increased anti-coagulant activity with loop diuretics; 
decreased anti-coagulant activity with thiazide 
diuretics. 

ß- Blockers / 
Thiazide & Loop diuretics 

 hyperglycemia, hyperlipidemia, hyperuricemia. 
increased plasma levels of propranolol 

Carbamazepine or 
chlorpropamide / Thiazide 
diuretics 

increased risk of hyponatremia (monitor Na+)  

Digoxin /  
Thiazide & Loop diuretics  

 hypokalemia  increased digoxin binding & toxicity
(monitor K+ and cardiac function) 

NSAIDs / 
Thiazide & Loop diuretics 
K+ sparing diuretics 

 reduced diuretic effect, increased risk of salicylate 
toxicity with high doses of salicylates (thiazide & loop 
d.). 
 increased risk of hyperkalemia with K+ sparing 
diuretics 

Quinidine / 
Loop & thiazide diuretics 

 polymorphic ventricular tachycardia (torsade de 
pointes) 

Sulfonylureas / 
Loop diuretics 

 hyperglycemia 

Steroids / 
Thiazide & Loop diuretics  

increased risk of hypokalemia 
(monitor serum K+ closely) 
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REVIEW QUESTIONS: 
 

1. How do diuretic drugs reach their sites of action? 
 
2. Why does acetazolamide produce an alkaline urine (pH = 8.2)? 
 
3. Why do thiazide and loop diuretics cause potassium loss? 
 
4. How do thiazide and loop diuretics affect calcium excretion? 
 
5. How do carbonic anhydrase inhibitors cause a diuresis? 
 
6. Which class of diuretics would cause increased excretion of magnesium? 
 
7. What is the mechanism of action of amiloride? 
 
8. What class of diuretics interferes with sodium reabsorption in the proximal 

tubule? 
 
9. How would the combination of a loop diuretic and thiazide diuretic influence 

sodium excretion? 
 
10. What are the effects of spironolactone on urinary potassium excretion? 
 
11. What is the most common reason for diuretic use? 
 
12. What are the most common adverse effects associated with diuretic therapy? 

 
13. Which diuretic drugs would be indicated to reduce edema/ascites in patients 

with hepatic cirrhosis?  
 

14. Which thiazide-like diuretic is most likely to be efficacious in patients with 
severe renal insufficiency? 


