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Abstract: 

Diuretic agents are commonly prescribed medications in various diseases such as hypertension, congestive heart 

disease, and several causes of oedema. Different types of diuretics are currently available and, though their 

somehow closely similar mechanisms of action, their final effect depends primarily on their pharmacokinetic and 

pharmacodynamic properties. Pharmacokinetics describe delivering the drug to the site of action in certain 

concentrations and at a certain time, whilst pharmacodynamics implies the final response of the diuretic agent at 

the active site of response. Understanding the basic pharmacokinetic and pharmacodynamic properties of different 

diuretics is fundamental for physician to appropriately tailor the diuretic agent to each patient. Therefore, this 

article aims at reviewing and summarizing the pharmacokinetics and pharmacokinetics of different diuretic agents 

namely loop diuretics, thiazide diuretics, osmotic diuretics, and potassium sparing diuretics.  
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INTRODUCTION: 

Diuretics are a group of medications commonly 

prescribed for many medical conditions particularly 

hypertension, congestive heart disease, renal failure, 

hepatic failure, increased intracranial tension, and 

various causes of oedema [1,2]. Diuretics act mainly 

through modulation of water and sodium reabsorption 

at the renal tubules and subsequently modulating 

volume homeostasis and blood pressure [2]. Several 

types of diuretic agents are available with different 

mechanisms of action. The main types of diuretics 

are loop diuretics, thiazide diuretics, carbonic 

anhydrase inhibitors, osmotic diuretics, and 

potassium-sparing diuretics such as spironolactone, 

amiloride, and triamterene [2].  

 

The effect of different diuretics is chiefly determined 

by their pharmacokinetic and pharmacodynamic 

properties3. Pharmacokinetics describes the factors 

responsible for delivering the drug to the site of 

action. Pharmacokinetic properties determine the 

total concentration of drug reaching the active site of 

action and the duration required for its delivery. 

Pharmacodynamics, on the other hand, implies the 

final response of the diuretic agent which is affected 

by various factors including renal tubules sensitivity 

to diuretics, fluid and electrolyte status, and general 

or systemic diseases. For instance, the 

pharmacodynamics of diuretics are significantly 

affected by low sodium and potassium levels in blood 

[4]. This article aims at reviewing and summarizing 

the pharmacokinetics and pharmacokinetics of 

different diuretic agents.  

 

LOOP DIURETICS: PHARMACOKINETICS 

AND PHARMACODYNAMICS 

As their names indicates, loop diuretics act on the 

ascending limb of loop of Henle of nephrons through 

modulating the Na+-K+-Cl- co-transporter inhibiting 

reabsorption of sodium, potassium, and chloride [5]. 

Furthermore, they stimulate the renin-angiotensin 

system resulting in increased release of renin. This 

will subsequently increase the glomerular perfusion 

and glomerular filtration rate [5]. Furosemide is the 

prototype of loop diuretics, and other agents include 

torsemide, bumetanide, and ethacrynate [5]. 

 

Loop diuretics are rapidly absorbed through the 

intestine and they reach a peak plasma level within 

half to two hours from their intake [3]. Torsemide, 

bumetanide, and ethacrynate have similar rates of 

absorption and elimination [6]. Frusemide, in 

contrast, has a faster elimination than absorption 

name. This phenomenon is referred to as "absorption-

limited kinetics" which manifest clinically as a 

delayed serum peak of the drug and subsequently a 

slower onset of action in comparison to other 

diuretics6. The rate of absorption also affects the 

bioavailability of loop diuretics. Frusemide has a very 

wide range of bioavailability because of its 

absorption-limited kinetics. The bioavailability of 

frusemide ranges from 10% to 100%. Diuretics with 

fixed absorption rate, such as torsemide and 

bumetanide, have a high bioavailability ranging from 

80% to 100%6. Knowledge of the bioavailability of 

each diuretic is essential for the physician to decide 

about the dose of the drug to be given via oral and 

intravenous routes. Diuretics with high bioavailability 

(such as bumetanide) can be administered in closely 

similar oral and venous routes7,8. In contrast, 

switching from a venous to oral route of 

administration of diuretics with lower bioavailability 

(such as frusemide) require increasing the dose up to 

twice the venous route to get the same effect [7,8]. 

After an oral administration, the drug reaches a peak 

within 1 to 1.5 hours, whilst after venous 

administration; it reaches a peak within minutes [5]. 

 

After absorption, the diuretic agents are distributed to 

different tissues volumes. The volume of distribution 

is closely similar among different diuretics.  The 

volume of distribution of bumetanide, frusemide, and 

torsemide is 0.17, 0.16, and 0.16, respectively3,5. The 

half-lives, on the other hand, are variable. The loop 

diuretic with the longest half-life is torsemide 

wherein the drug stays for 3 to 4 hours. Frusemide 

has a half-life of 90 minutes, and bumetanide has a 

half-life of about 60 minutes [4]. 

 

As regards elimination, about two-thirds of 

bumetanide and frusemide are excreted in urine 

unchanged4. Torsemide, on the other side, is mainly 

eliminated through hepatic metabolism (80%) by the 

action of cytochrome P450 2C9, and only 20% are 

excreted in urine. Rapid elimination of loop diuretics 

is beneficial because it allows the nephrons to restore 

sodium level, a phenomenon known as "Braking" 

effect [2,3].  

 

At the renal parenchyma, loop diuretics of response 

cannot be excreted through glomerular filtration5. 

Therefore, an active transport is necessary to move 

the diuretic agent across the renal tubular membrane 

to be excreted and act. The higher the concentration 

of diuretic agent at renal tubules, the higher diuretic 

response they achieve [5].  

 

The action and response to loop diuretics can be 

affected by various factors. For instance, diseases 

with oedematous status – such as hepatic failure, 

renal failure, and others – reduce the response to loop 

diuretics in comparison to their counterparts from the 
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general population [9-14]. Renal impairment 

significantly affects the pharmacokinetics rather than 

pharmacodynamics of loop diuretics [13]. Renal 

impairment results in reduction of diuretics excretion 

into urine, and competitive inhibition at cellular level 

for excretion13,14. Hepatic failure, on the contrary, 

does not affect the pharmacokinetics, but has a 

considerable impact on pharmacodynamics. It 

increases solute reabsorption at renal tubules and 

consequently increases their response [15,16]. 

 

THIAZIDE DIURETICS 

Thiazide diuretics are group of diuretic agents that 

include in their chemical structure a benzothiazide 

compound5. The most common thiazide diuretics are 

hydrochlorothiazide, chlorothiazide, chlorothalidone, 

and indapamide [2,3]. As loop diuretics, thiazide 

diuretics are also rapidly through the gut reaching a 

peak serum level within 1.5 to 4 hours from their 

intake2. The half-lives of thiazide diuretics are 

considerably longer than loop diuretics with some 

agents reaching a half-life of 55 hours [2]. The 

reported half-lives of hydrochlorothiazide, 

chlorothiazide, chlorothalidone, and indapamide are 

3-30 hours, 15-27 hours, 25-55 hours, and 15-25 

hours, respectively [17]. 

 

After absorption, the bioavailability of thiazide 

diuretics varies. The highest bioavailability is 

reported among indapamide diuretics (more than 

90%), and the lowest is noted among chlorothiazide 

diuretics (30-50%) [18]. Hydrochlorothiazide and 

chlorothalidone have an average bioavailability of 

about 65%18. Diuretics act at the nephron at the 

urinary side rather than the blood side. Therefore, the 

urinary excretion rate is an important determinant of 

their potency. Hydrochlorothiazide possess the 

highest urinary excretion rate with about 40-80% of 

the drug being excreted unchanged in urine [7,17]. 

About 65% of chlorothalidone and only 20% of 

chlorothiazide are excreted in urine [1,2]. Indapamide 

is excreted in very small quantities in urine (only 2%) 

and, thus, it is thought that it may be a potent agent 

acting in this very low concentration or it has an 

active metabolite that exerts its diuretic effect [1,2]. 

 

At the renal tubules, thiazide diuretics act by 

inhibition of sodium-chloride co-transporter 

(SLC12A3) at the distal convoluted tubules19,20. 

Under normal physiological condition the sodium-

chloride co-transporter re-uptake sodium and chloride 

ions from the renal tubule lumen back to the blood 

via an active ATP-dependent sodium-potassium 

pump2. Thiazide prevents this process leading to 

excretion of sodium, chloride, and water into the 

renal tubular lumen resulting in diuresis [3,4]. 

Thiazide diuretics are fairly potent diuretics. Even 

though, they have minimal effect on serum sodium 

level disturbance because less than 5% of sodium is 

excreted at the distal convoluted tubules where 

thiazide diuretics act [17]. However, thiazide 

diuretics have their side effects such as hypokalemia 

and arrythmia5. 

 

OSMOTIC DIURETICS 

Mannitol is the prototype of osmotic diuretics 

[21,22]. It is commonly prescribed to patients with 

acute oliguria so as to prevent deleterious 

consequences such as acute kidney injury22. In the 

worst scenario, using mannitol in these cases would 

convert the oliguric acute kidney injury into non-

oliguric acute kidney injury [22]. Mannitol is also 

commonly prescribed by neurologists for patients 

with intracranial hypertension due to intracerebral 

edema [23]. 

 

Mannitol is rapidly acting after intravenous 

administration, and it has a half-live of about 1 hour 

in patients with normal renal functions [1,4]. 

However, the half-life is significantly prolonged in 

patients with end-stage chronic kidney disease (up to 

36 hours) [24]. If the patient is on peritoneal dialysis 

or hemodialysis, the half-life will get reduced to 21 

hours and 6 hours, respectively. The average 

elimination time of mannitol from the body is 1.5 

days. Unlike peritoneal dialysis, hemodialysis fastens 

mannitol elimination. Therefore, it may be used in 

cases of excessive unneeded doses of mannitol [24].  

 

Mannitol acts through retaining water in the 

intravascular space through osmosis [3]. Rapid 

intravenous administration of mannitol is essential for 

diuresis25. Despite its advantages, mannitol is usually 

used with caution because of its adverse events. 

Mannitol may result in precipitation of volume 

overload, congestive heart failure, or electrolyte 

disturbance (particularly hyponatremia) [24]. 

Therefore, caution should be taken during its 

administration. 

 

POTASSIUM-SPARING DIURETICS 

Potassium sparing diuretics are another important 

type of diuretics. Examples of these diuretics are 

amiloride, triamterene, and spironolactone26. 

Potassium sparing diuretics act at the distal portion of 

the distal convoluted renal tubules and the cortical 

collecting ducts through inhibition of sodium and 

water reabsorption while preventing potassium from 

urinary loss [26]. 

 

Spironolactone is the prototype of potassium-sparing 

diuretics. After oral intake, it is metabolized into its 
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active metabolite "canrenone" in hepatocytes and 

intestinal cells [27,28]. Canrenone has a long half-life 

and it is thought to be responsible for the diuretic 

effect of spironolactone [28]. The spironolactone 

action, therefore, is delayed beyond 24 hours from 

oral intake, and the peak actions occur after three to 

four days [28]. Triamterene and amiloride have a 

more rapid onset of action. Triamterene has an 

extensive first pass metabolism at the liver, and it is 

secreted in the kidney in the form of sulphate ester 

which is considered its active metabolized. 

Amiloride, in contrary, is excreted unchanged in 

urine [26]. 

 

At their site of action, potassium-sparing diuretics 

exert their diuretic effect via variable mechanisms. 

Spironolactone, for instance, acts by competitive 

inhibition of aldosterone at the luminal membrane of 

the distal convoluted tubules and the renal collecting 

ducts29. This results in blocking the upregulation of 

the ENaC channels and the sodium-potassium-

ATPase pump, and consequently leads to 

antagonizing sodium reabsorption and potassium 

excretion [29]. Because of its mechanism of action on 

aldosterone, spironolactone action is significantly 

reduced in cases of hypoaldosteronism30. Triamterene 

and amiloride, on the other side, act via different 

mechanisms. They act at the distal convoluted tubules 

via non-aldosterone dependent mechanisms through 

blocking sodium reabsorption at the luminal surface 

of these tubules [24]. 

 

CONCLUSION: 

Diuretics have different pharmacokinetic and 

pharmacodynamic properties, and they act by 

different mechanisms at renal tubules. Osmotic 

diuretics have the most rapid onset of action after 

their parenteral administration (minutes), whilst 

potassium-sparing diuretics have the longest onset of 

action (more than 24 hours) as they act via an active 

metabolite. The peak of action of diuretics range 

from few hours - as in case of loop, thiazide, and 

osmotic diuretics – to several days – as in case of 

spironolactone. Loop diuretics act at the loop of 

Henle, whereas thiazide and potassium-sparing 

diuretics act at the distal convoluted tubules. Certain 

co-morbidities may affect the action of certain 

diuretics. For instance, loop diuretics action is 

considerably affected in cases of hepatic cirrhosis, 

congestive heart failure, and chronic kidney disease, 

and spironolactone action is affected in cases of hypo 

or hyperaldosteronism. Therefore, understanding the 

basic pharmacokinetic and pharmacodynamic 

properties of different diuretics is fundamental for 

physician to appropriately tailor the diuretic agent to 

each particular patient. 
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