
Mechanism of action
 Sulfonamides are a competitive reversible inhibitors of 

dihydropteroate synthetase which is a vital enzyme for 
the synthesis of tetrahydrofolate  ( Coenzyme F). 
Tetrahydrofolate is important for pyrimidine nucleic acid 
synthesis so the bacteria can no longer grow and divide 
which gives time for the host immune system to destroy the 
bacterial cells.

 Because of that sulfonamides have bacteriostatic effect not 
bactericidal so is not recommended in patients with weak or 
impaired immune system
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Mechanism of action
 Sulfonamides mimic P-aminobenzoic acid (PABA) which is 

the normal substrate for dihydropteroate synthetase. This 
means that sulfonamide will bind in the same manner as 
PABA:



Mechanism of action
 Because sulfonamides are reversible competitive inhibitors for the 

enzyme, the bacteria can increase the production of PABA to 
compete with sulfonamide at the active site and become resistant 
to sulfa drugs.

 In such case, the dose of sulfonamide agents should be increased to 
overcome this resistant mechanism. But this high dose is 
accompanied with an increase in side effects especially the 
crystalluria.

 N4 acetylation reduces drug solubility, which may result in 
precipitation in the urine leading to crystalluria. Increasing the pH 
of urine with a systemic alkalizer along with increased water 
intake will decrease the risk of this potential adverse effect.



Mechanism of action
 In human, the cell synthesized tetrahydrofolate  from folic 

acid that obtained from food sources. This folic acid is 
normally transported to inside the cell by special transport 
system.

 Bacterial cell does not have such transport system and they 
should synthesize tetrahydrofolate using PABA.

 For that reason, human cells do not need dihydropteroate 
synthetase enzyme which means sulfonamides have selective 
antibacterial activity.  



The problem of crystalluria

 Sulfonamides are mostly excreted in urine as acetylated 
metabolite.

 They are relatively water insoluble mainly due to the formation 
of the acetylated metabolites.

 The acetylated metabolite is non-ionizable under the pH 
conditions of the urine (≈ 7) that increase the possibility of 
precipitation and the formation of crystals in the urine 
(crystalluria)



The problem of crystalluria
 How to minimize the possibility of crystalluria formation 

with sulfonamides:
 Increase the urine flow.
 Increase the pH of the urine to increase the ionization of 

sulfonamides and the formation of water soluble salts (this can 
be done by taking sodium bicarbonate or potassium citrate.

 Lowering the pKa of the sulfonamide group which will help to 
increase the ionization under the acidic conditions. This can be 
done by adding electron withdrawing group on the sulfonamide 
side chain
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Sulfonamides with reduced crystalluria 
formation



Clinical Application

The drugs are effective against both gram-positive and gram-negative organisms, 
but bacterial resistance and newer more effective drugs have replaced the majority 
of the previously available sulfonamides.

Today, many of the sulfonamides have been discontinued, but some are still 
available and are primarily limited to treatment of susceptible gram-negative 
organisms.

Products containing sulfonamides are shown in Table 23.1.
Sulfisoxazole, in the form of the prodrug N1-acetylsulfisoxazole, is used in 

combination with erythromycin ethylsuccinate (EES) and indicated for the treatment 
of otitis media. 

Sulfamethoxazole in combination with trimethoprim (see below) is used to treat 
uncomplicated urinary tract infections,
while sulfadiazine when combined with the antiprotozoal agent pyrimethamine is 

used to treat Toxoplasma gondii infections. 
Silver sulfadiazine is used topically to treat burns, with both the sulfa drug and the 
silver ion having antibacterial activity.
Sodium sulfacetamide is a water-soluble preparation used to treat ophthalmic 

infections, while sulfasalazine is effective in the treatment of ulcerative colitis. 
It is only poorly absorbed from the GI tract where it is hydrolyzed by intestinal 
bacteria giving rise to sulfapyridine and 5-aminosalicylate, both of which may exhibit 



Clinically relevant sulfonamides



Sulfonamide prodrugs
 Sulfasalazine:

 Used in local intestinal infections.
 Gives sulfapyridine and 5-aminosalicylic acid upon the 

breakdown of the azo bond.
 Used mainly in ulcerative colitis.



Other folate reductase inhibitors
 Trimethoprim:

 Inhibits dihydrofolate reductase: this enzyme has human 
homologue but they do not have that much similarity in 
structure…. Therefore trimethoprim is 1000 more active on 
the bacterial copy of this enzyme..

 Normally used in combination with sulfamethoxazole
(cotrimoxazole):
 Lower dose from both drugs means less side effects.
 More effective than the monotherapy since they are targeting two 

different enzymes in the same metabolic pathway… this is what is called 
sequential blocking. 




