Pharmacology of Diuretics
Diuretics increase urinary sodium chloride (“saliuresis”).

Diuretics are used for HTN and edematous states such as CHF, cirrhosis, nephrotic syndrome.


(Raymond removed images of effect of salt intake/excretion on weight and effect of CHF +/- diuretic on sodium excretion and ECF volume.)


If salt input > output, you will retain water weight (see above) and begin to excrete more sodium.  Therefore, steady state ECF depends on sodium intake.
Similarly, incremental increases in ECF cause proportionate increases in sodium excretion (above).
Role of diuretics
Edema occurs if sodium is not properly excreted and ECF expands.  This occurs in CHF, cirrhosis, 
and nephrotic syndrome.  In addition to reduced excretion, the “threshold ECF” is elevated, 
so that sodium excretion doesn’t start until higher-than-normal ECF (see above).

Chronic Adaptation to Diuretics
Diuretics increase NaCl excretion, which lowers ECF.  But body senses this natriuresis and 
hypolvolemia, and adapts with renin-angiotensin-aldosterone system.  This is the 
“diuretic braking effect.”
Loop Diuretics

Furosemide, Bumetanide, Ethacrynic acid.  These block Na/K/Cl co-transporter in the TAL.  These 
are “high ceiling” diuretics because of potency (25% of sodium is normally reabsorbed 
here).  There is also a strong braking mechanism, because loop diuretics allow high Na+ at 
the distal tubule, where sodium reabsorption is upregulated.  This “rebound sodium retention”  
can be countered by concurrent use of a thiazide diuretic to block distal reabsorption.
Other effects include increased calcium excretion, and increasing venous capacitance (pulls 
edema fluid into the ECV).
Side effects:  

**hypokalemic metabolic alkalosis due to lots of distal K+ and H+ wasting.  Since there 


is volume contraction, renin and aldosterone increase, compounding this wasting.

--hyperuricemia due to reduced uric acid excretion may lead to gout.

--hypercalciuria


--Ethacrynic acid + aminoglycoside = ototoxicity!!!

Thiazide Diuretics
Hydrochlorothiazide (HCTZ), Chlorthalidone, Metolazone.  These are “low ceiling” diuretics 
with no “rebound sodium retention” because they act at the DCT.  Thiazides act by 
blocking the Na/Cl co-transporter.
Other effects include antihypertensive effect independent of diuretic effect.  Also, decreased 
calcium excretion (opposite of loop diuretics) can help treat kidney stones and osteoporosis.
Side effects:

--hypokalemic metabolic alkalosis for the same reasons as loop diuretics.

--hyperuricemia due to reduced uric acid excretion may lead to gout.

Potassium-sparing Diuretics
Spironolactone:  aldosterone antagonist, inhibits basolateral Na/K antiporter in the principal cell.
Amiloride, Triamterene:  EnaC blockers.
These are low efficacy diuretics.
Other effects include:


 **Spironolactone reduces CHF mortality.  It has potent antihypertensive effects because 


myocardium also has aldosterone receptors.

--Amiloride reduces kidney toxicity from lithium, which enters via the amiloride-sensitive 

EnaC channel.

Side effect:     Hyperkalemia – potentially fatal!
Carbonic Anhydrase Inhibitors

CA catalyzes the hydration of HCO3, which generates H+ for secretion into proximal tubule in 
exchange for Na+.  CA inhibitors prevent this H+ generation, preventing Na+ and HCO3 
reabsorption.  Overall, the body wastes NaHCO3.  This simulates RTA type 2.
Unlike other diuretics, the acidosis by CA inhibitors is accompanied by hypokalemia.
Side effects:

--Acidosis due to bicarbonate loss.  Exactly like renal tubule acidosis (RTA) type 2.

--Hypokalemia.

--Teratogenic.
	Classification of diuretics based on predominant site of action

	Type of Diuretic
	Site of Action
	Potency
	Primary Effect
	Secondary effect
	Complications

	

	Carbonic Anhydrase Inhibitor

   Acetazolamide
	Proximal Tubule
	+
	( Na+/H+ exchange
	( K+ loss

( HCO3- loss
	Hypokalemic hyperchloremic acidosis

	Loop

   Furosemide

   Ethacrynic acid
	Loop of Henle
	+++


	( Na+/K+/2Cl absorption
	( K+ loss

( H+ secretion
	Hypokalemic alkalosis

	Thiazide

   Hydrochlorothiazide

   Metal ozone
	Distal Tubule
	++


	( Na+absorption
	( K+ loss

( H+ secretion
	Hypokalemic alkalosis

	Potassium Sparing

   Triamterene

   Amiloride

   Spironolactone
	Collecting Duct
	+
	( Na+absorption
	( K+ loss

( H+ secretion
	Hyperkalemic acidosis


(Raymond removed image showing site of action of various diuretics.)


















