	Prontosil
	Modifications of sulfonamides

	Mechanisms of resistance of sulfonamides
	Human interactions

	· Substituents at N1 and N4 influence
· Antimicrobial spectrum

· Therapeutic index

· Solubility of parent drug and metabolites

· Metabolic patterns

· Half-life

· Permeability & distribution

· Substituents on N4

· Inactive & not absorbed

· Hydrolysis by amidases of colonic bacteria→active drug which is poorly absorbed from colon

· Ex:

· Sulfisoxazole (Gantrisin)

· Sulfamethoxazole (Gantanol)

· Sulformethoxine (Sulfadoxine, Fanasil)
	· Sulfanilamide (SA)

· Active in vivo and in vitro; prontosil not active in vitro on cultures

· Produced from prontosil by tissues (metabolic activation)
· Pts. receiving  prontosil/SA secrete SA

· Equally active on molar basis

· Usually bacteriostatic

· Competitive antagonism between SA and p-aminobenzoic acid (PAB) for dihydropteroate synthetase (blocks microbiral folate synthesis→blocks thymidine synthesis and DNA synthesis)

· Bacteria (unlike mammals)

· Do not absorb folic acid

· Do not require external FA

· Synthesize FA

· Growth inhibition by sulfonamides

	· Rarely require stopping tx (3%) – hypersensitivity/idiosyncratic
· Urinary tract complications

· Important w/ sulfonamides – N4 acetyl derivative were relatively insoluble→crystals blocked urinary tract

· Idiosyncratic rxns

· Drug fever, skin rashes, joint pain, lymphadenopathy

· Long-acting SAs could cause of Stevens-Johnson syndrome Idiosyncratic toxicity

· Acetylation polymorphism→nontoxic N4-acetyl derivative: less acetylated→more available for other rxns

· N-hydroxylation of sulfonamides (cytochrome P450)→
· toxic metabolite→covalently binds proteins and can be antigenic
· detox. pathway→non-toxic metabolites
· Adverse reactions high in AIDS

· Kericterus in newborn: sulfonamide binds serum albumen and bump bilirubin off serum alabumin and into brain

· SAs bump tolbutamide  (oral hypoglycemic agent)→hypoglycemia

· Rare: blood dyscrasias-acute hemolytic anemia, agranulocytosis, aplastic anemia, methemoglobinemia, cardio-,hepato-,CNS-, nephrotoxic

	· Selective toxicity

· Bacteria contain enzyme dihydropteroate synthetase & synthesize FA

· Most bacteria impermeable (& cannot use) host folic acid.  Mammalian cells trap FA and transport actively

· Acquired resistance

· Reduced permeability to sulfonamides

· Increased production of PAB

· Synthesis of ↑ amounts of dihydropteroate synthetase enzyme

· Mutations of dihydropteroate synthetase→↓affinity (↑Ki 150-10,000 times wt)

	Structurally related sulfonamide analogues for acid-fast infections
	· Folic acid antagonists/ antifolates
· Mechanism of action

	Therapeutic combinations of

small molecule antifolics w/ sulfonamides
	· Mechanism of acquired resistance to TMP/SMX
· Toxicity

	· Dihydrofolate reductase (DHFR) inhibitors

· Large molecule antagonists – modified pteridines

· Aminopterin

· Methotrexate

· Small molecule antagonists – 2,4-Diaminopyrimidines (inhibits growth of L.casei)
· Trimethoprim (TMP)

· Pyrimethamine (Daraprim)

· MOA

· Inhibition of DHFR→

· FH2 accumulation

· ↓FH4→

· ↓purine and pyrimidine synthesis

· ↓thymidine synthesis→DNA synthesis arrest
	· Dapsone (4', 4'-Diaminodiphenylsulfone), DDS

· Tx of Mycobacterium leprae (leprosy)

· Usually w/ rifampin
· Dihydropteroate synthetase has different active site in acid-fast organisms

· P-aminosalicylic acid (PAS)

· Formerly used as tx of M. tuberculosis (tuberculosis)
· W/ INH

· Sensitivity to PAS due to structural differences at active site of dihydropteroate synthetase

	· Patterns

· Resistance to SMX not TMP→may observe synergism

· Synergism w/ orgs. sensitive to SMX and moderately resistant to TMX (Neisseria gonorrheae)

· Mechanisms

· Develop thymidine dependence – thymidylate synthetase defective/deficient

· Overproduction of FH2 reductase
· Reduced susceptibility of FH2 reductase to TMP

· Cellular impermeability to drugs

· Toxicity (mostly due to SA)

· Rash, nausea, vomiting (3-5%)

· Folate deficiency in nutritionally deprived (pregnant, malnourished, alcoholics)→megaloblastic anemia, thrombocytopenia, neutropenia
· Excreted in human milk
	· Antimalarial Pyrimethamine (25mg) : sulfadoxine (sulfamethoxine) (500mg)
· Tx of falciparum and vivax malaria, toxoplasmosis (Fansidar)

· Co-Trimoxazole = Trimethoprim (TMP) : Sulfamethoxazole (SMX) (1:20) (800mg SMX +160mg TMP, 400mg SMX + 80mg TMP, 100mg TMP alone)
· Tx of int, pulm, urinary pathogens (not Mycobacteria, Pseudomonas, Strep. Faecalis)

· Chronic/recurrent UTI, bacterial prostatitis (E.coli)
· Acute childhood otitis media (Strep. pneumo, H.flu)
· Shigellosis (Shigella sonnei, Shigella flexnerei – abx resistant)

· Acute exacerbations of chronic bronchitis (H. flu, S. pneumo)

· Pneumocystis carinii Pneumonia (PCP)– opp. pulm ifx in immunosuppressed/AIDS pts & other opp. ifxs.
· Salmonella typhi (Typhoid Fever) – for orgs. resistant to chloramphenicol & ampicillin
· Synergism - reduce MIC of each drug

· Block sequential steps in metabolic path:TMP competes w/ FH2 for DHFR – when FH2 accumulates from de novo synthesis and thymidylate synthase rxns→SA kicks in→↓FH2

	Clinical advantages of synergistic combinations of chemotherapeutic agents
	

	
	

	· 
	· Broadened spectrum of susceptible organisms

· Appear bactericidal (uncertain in vivo)

· ↓likelihood of developing resistance

· ↓dosage of each drug→↓incidence of toxicity

· single dose effective in uncomplicated UTIs
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