	Agents inhibiting Peptidoglycan synthesis (inhibit cell wall synthesis)

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Penicillins

2 components:

· beta lactam ring

· Thiazolidine ring (5-membered ring)
Side chain radicals determine pharm prop
	1. Interferes with peptidoglycan syn.
2. Binds penicillin BP & inactivates transpeptidases and carboxypeptidases (which crosslink peptidoglycan)

3. Activate autolytic enzymes (Cell lysis) 

4. Bactericidal to multiplying cells 
	Natural pen.:

Penicillin G: acid labile, narrow spectrum (only Gram -), high potency

Penicillin V: acid stable (oral), narrow spectrum (only Gram +), low potency

Semisynthetic pen.:

Side chain radicals adds features: (stability to acid, resis to beta lactamase, ( activity
	Hypersensitivity: 5%-allergic rxn; Immediate, accelerated, delayed; Penicillamine – cooper chealator (Wilson’s disease); Penicilloyl becomes a hapten; mediated by Ig E; GI disturbances
	1. Beta lactamase (penicillinase) – hydrolyzes beta lactam ring, main mech. of inactivation

2. Altered cell wall formation (see MRSA)

3. Tolerance (low MIC, high MBC)
	

	Cephaolosporins

2 components

· Beta lactam ring

· 6-membered dihydrothiazine ring
	- See penicillins

- Bactericidal to multiplying cells
	- Broad spectrum

- Parenteral admin. Ceph.

- Or, Orally admin. Ceph.
	- Hypersensitivity

- Clinicals same as penicillin
	See penicillins
	Oxygen added to side chain to increase acid stability

	Monobactams (Aztreonam)
	
	
	
	
	

	Penems and Carbapenems (Imipenem)

	
	- Broad spectrum (gorillamicin)

- Pseudomonas resistance

- Seizure
	
	
	

	Beta Lactamase Inhibitors

(Clavulanic acid, Sulbactam, Tazobactam)
	- bind up Beta lactamase, little/no antibacterial activity
	
	
	
	Often given in combination with beta lactam antimicrobial agents:

Ex, Augementin = Clavulanic acid + Amoxycillin

	Vancomycin
	1. Inhibits transfer of amino sugars to glycopeptide of cell wall

2. Bactericidal against mult.cells (must actively prod cell wall)
	Narrow spectrum (Gram + only)
	neurotoxicity
	1. Alteration of cell wall

2. Tolerance
	

	Bacitracin

Cyclic polypeptide prod by Bacillus subtilis
	1. Inhibits peptidoglycan syn by prevent attach of amino sugars  to cell mem lipids

2. Bactericidal to mult. bact.
	1. Topical application (b/c of toxicity), ointments

2. Or, Oral adminstration (not absorbed) for use in bowel antisepsis (like Vancomycin and Clostridium dificil)
	nephrotoxic
	
	

	Cycloserine
	Inhibits incorporation of D-alanine into peptidoglycan
	Narrow spectrum: Mycobacterium tuberculosis
	CNS toxicity
	
	Drug of last resort


	Agents inhibiting protein synthesis

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Aminoglycosides –Aminocyclitols

7 available

Produced by Streptomyces:

1. Streptomycin

2. Neomycin

3. Kanamycin

4. Tobramycin

5. Amikacin

6. Spectinocymin

Prod. by Micromonosporum

7. Gentamicin
	1. Binds irrev to 30S ribosomal subunit

2. Bactericidal (except spectinomycin)
	1. Poor absorp from GI – can’t use orally except for GI infec.

2. Primarily against Gram – bacilli (facultative aerobic)…kanamycin and gentamycin – for Gram + bacilli


	1. Ototoxicity (CN VIII damage – hearing loss/balance)

2. Nephrotoxicity
3. These side effects seen with high dosage
	1. Specific resistance:

Enzymatic modif – most common mech.; 3 types: acetyltransferase, phosphotransferase, nucleotidyltransferase – interferese with transport of antibiotic into cell

2. General resistance:

a. Blocking of aminoglycoside transport into cell

b. Alteration of protein binding site on 30S unit
	

	Tetracyclines

Produced by Streptomyces

Synthetically added side chains:

1. Chlorotetracycline

2. Oxytetracycline

3. Doxycycline

4. Minocycline
	1. Enters cell by energy dep. process

2. Rev. binds to 30S unit
3. Bacteriostatic
	1. Broad spectrum: Gram +, Spirochetes, Mycoplasma, Rickettsia, Chlamydia, Protozoa, some activity against anaerobic – unlike Aminoglycosides

2. Absorp from GI – give orally
	1. Discolor of teeth (bone)
2. GI side effects
	1. Bacteria less permeable to antibiotic

2. Note: if resistant to one tetracycline – then resistant to all
	

	Chloramphenicol


	1. Rev. binds to 50S unit (prevents attach of a.a. end of amino-acyl tRNA to binding region

2. Bacteriostatic
	1. Broad spectrum: Bacteria, Sprirochetes, Rickettsia, Chlamydia, Mycoplasma

2. Absorp from GI
	1. Reversible bone marrow depression (anemia, leukopenia, thrombocytopenia) - dose dep.

2. Aplastic anemia – rare, but fatal, dose indep.
	1. Chloramphenicol acetyltransferase – inactivates antibiotic

2. Altered cell wall – prevent penetration of antibiotic
	

	Macrolides 

(Erythromycin)


	1. Binds to 50S subunit

2. Bactericidal or bacteriostatic
	Moderately broad spectrum: mainly Gram +, but some Gram -
	1. Fairly safe

2. GI reactions
	1. Rapid dev. of resis
2. Decrease bacterial cell wall permeability
3. Alteration of 50S subunit – no longer binds
	See below

	Lincosamides

1. Lincomycin

2. Clindamycin (Advantages: (antibact spectrum, (GI absorp)
	1. Same as erythromycin

2. Cidal or static
	Active against Anaerobic bacteria
	GI
	Seen but mech unknown
	Cross resist. b/w erythromycin and clindamycin

	Quinupristin/Dalfopristin

(Synercid)

- Is combo of 2 streptrogramin antibiotics
	1. Inhibits protein syn at 50S level
	1. Gram +: MRSA, VREF, pen-resis pneumococcus

2. IV only

3. Bactericidal
	1. Local irritation, muscle aches, malaise

2. Hepatotoxicity
	Seen but mech unknown
	

	Linezolid (Zyvox)

	1. Inhib protein syn at ribosomal level
	1. Gram +: MRSA & VREF

2. Oral & IV

3. Bacteriostatic
	Interacts w/ OTC meds w/ pseudoephedrine or phenylephrine to (BP
	Seen but mech unknown
	


	Agents with Unknown mechanisms of inhibition

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Isoniazid (INH)

Analog of pyridoxine (Vit B6)
	Unknown (possible comp inhib of pyridoxine catalyzed reactions in bact.)
	Narrow spectrum

a. Active against Mycobacterium tuberculosis

b. Use for TB in combo with other anti-TB agents (b/c of resistance devlop.) 
	
	
	

	Nitrofurans
	1. Possibly inhibits oxidation of pyruvic acid

2. Bacteriostatic
	1. Broad spectrum
2. UTIs

3. Topical application
	
	
	

	Ethambutol
	Unknown
	Narrow spectrum

a. Active against Mycobacterium tuberculosis
b. Use for TB in combo with other anti-TB agents
	Rare - related to eye (retinal damage, optic neuritis)
	
	

	Agents inhibiting nucleic acid function

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Metronizadole

Synthetic
	1. Passive diffusion into cell

2. Activated by reduction ( forms toxic intermediates ( cause DNA strand breaks

3. Release of inactive end-products


	1. Narrow spectrum - anaerobic bacteria and protozoa (Trichomonas vaginalis)
	1. Mutagenic and carcinogenic in animals, not humans

2. Peripheral neuropathy (numbness) - rev.
	Inability to reduce metronizadole - infrequently seen
	Mnemonic: GET Met - for Giardiasis, Entomoeba, Trichomoniasis

	Rifamycin

(Rifampin - most common)
	Inhibits bacterial DNA-dep. RNA polymerase
	1. Broad spectrum
2. Primarily Mycobacterium tuberculosis - use for TB in combo with other anti-TB agents
	1. Occasional rashes

2. Thrombocytopenia
	Mech. not known
	

	Nalidixic Acid


	Inhibits DNA gyrase (resp. for supercoiling) ( kills organism
	1.  Narrow spectrum: Gram - bacilli

2.  UTIs
	
	
	

	Quinolones

(Enoxacin, Norfloxacin, Ciprofloxacin)

Derivative of nalidixic acid
	Inhibits bacterial DNA gyrase
	1. Broad spectrum

2. Oral admin

3. Low dosage - given for really sick
	GI (2%)
	1. Alteration of bacterial DNA gyrase
2. Alteration of outer membrane proteins

3. Export of antimicrobial agent through efflux pumps
	Ciprofloxacin - give for anthrax


	Agents inhibiting Folic Acid synthesis

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Sulfonamides


Add side chains to get diff properties
	1. Struc analog of PABA - bacteria can't distinguish (comp inhib of tetrahydropteroic acid synthetase) ( causes inhibition of purine syn

2. Bacteriostatic
	1. Broad spectrum
2. Uses:

    UTIs

    GI

    Topical
	1. Hypersensitivity (3%)

2. Infrequently seen: hemolytic or aplastic anemia, agrunulocytosis, thrombocytopenia, leukopenia


	1. Overprod. of PABA
 (gets around comp inhib)

2. Struc alteration of tetrahydropteroic acid synthetase

3. Folic acid dependancy (exogenous folic acid supply)

4. ( permeability to agent


	

	Sulfones

(Major agent: DDS - diaminodiphenyl-sulfone)

Chemically similar to sulfonamides
	Unknown
	Narrow spectrum - only leprosy


	
	Unknown
	

	Trimethoprim 

Struc: 2-4 diaminopyrimidine
	1. Comp inhibitor of  dihydrofolate reductase
2. Prevents folic acid syn and ultimately purine and DNA syn
	1. Same as sulfonamides

2. Cotrimazole (mixture of trimethoprim and sulfamethoxazole)

         a. inhibits 2 steps

         b. Use for UTIs and prevent traveler's diarrhea
	See sulfonamides
	Same as sulfonamides (but based on dihydrofolate reductase)
	Clinical use: Cotrimazole


	Agents which damage the cell membrane

	
	Mechanism of Action
	Pharmacology
	Side Effects
	Mechanism of resistance
	Other

	Polymixin
	1. Function as cationic detergent (soap) which disrupts osmotic integrity of membrane – allows intracellular stuff to leak out

2. Bactericial to resting and mul bact
	1. Narrow spectrum (Gram – bacilli)

2. Topical ointments (in combo with bacitracin or neomycin
	1. Highly toxic

2. Neurotoxic – dose related and reversible, dizziness, confusion, slur speech

3. Nephrotoxic (20% of pt)
	Alteration of cell wall prevents access to cell mem.
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