Sulfonamides/Antifolates
Sulfonamides
Paul Ehrlich discovers anti-infective chemicals using the Magic Bullet idea.

Prontosil is the first effective antibiotic.  It has a sulfonamide group, and was tested in vivo, 
which helped discovery of drugs that require metabolic activation.

Active part was the sulfanilamide group, which is active in vivo and in vitro.
Mechanism of action is that sulfanilamide is a competitive inhibitor of dihydropteroate synthetase.

Microbes need dihydropteroate synthetase to synthesize folic acid, which they cannot 
take up.  We accumulate folic acid easily so we don’t have the enzyme.  This is the 
source of the selective toxicity.
Other compounds similar to sulfanilamide include sulfasoxazole (works well by itself, orally) and 
sulfamethoxazole (works with other drugs).
Resistance to sulfanomides occurs mostly by reduction in permeability to the drug, but also by 
mutations in or upregulation of dihydropteroate synthetase.
Adverse Effects and Toxicity to Sulfonamides

Most adverse reactions are hypersensitivity reactions.  Normally sulfonamides are acetylated 
before excretion.  If this is blocked or instead the drug is hydroxylated, it produces a toxic 
metabolite.  High rate of adverse reactions in AIDS patients.
In newborns, sulfonamides cause kernicterus (yellow staining of basal ganglia with bilirubin).  
Total bilirubin actually decreases, but free bilirubin increases because sulfonamides 
bump it off albumen.  Never use sulfa drugs in newborns!
Clinical uses of sulfonamides are generally for Gram- UTI’s.  Related compounds are used to 
treat leprosy and tuberculosis.
Trimethoprim
Trimethoprim inhibits dihydrofolate reductase (DHFR), as does methotrexate.  Humans also 
have this enzyme (which we target in cancer chemotherapy) but ours has a very different 
structure.  Only bacterial DHFR is targeted.

Resistance occurs from overproduction or reduced susceptibility of DHFR.
Trimethoprim toxicity is very rare, but may show up in folate-deficient patients.
Combination Trimethoprim-Sulfasoxazole therapy
This combo is called Cotrimoxazole or Bactrim.  Sulfasoxazole inhibits dihydropteroate 
synthetase (one step in folate synthesis), and trimethoprim inhibits DHFR (the next step).  
Major antimetabolite effect. 

Highly synergistic effect, with decreased resistance.  Sulfas by themselves are only bacteriostatic, 
but the combo is bactericidal.
Clinical uses include:

--Chronic UTI


--Otitis media


--Shigellosis

--Chronic bronchitis

--Pneumocystis carinii


--Typhoid fever (Salmonella typhi)

(Raymond removed image depicting where in the metabolism of folate that sulfonamide and trimethoprim act.)










