	General antibiotic mechanism of action
	Bactericidal necessity

	Bactericidal vs. bacteriostatic
	Antibiotic combinations

	· Meningitis

· Endocarditis

· Brain abscess

· Osteomyelitis w/ Staphylococcus
	· Synthesis inhibitors

· Cell wall

· β lactams

· Vancomycin

· Bacitracin

· DNA

· Quinolones

· RNA

· Rifampicin

· Protein

· Aminoglycosides

· Chloramphenicol

· Erythromycin

· Clindamycin

· Tetracyclins

· Oxazolidinones

· Folate

· Sulfonamides

· Trimethoprim

	· Usually used because

· Mixed infection

· Intra-abdominal infection

· Resistance prevention

· Anti-TB tx

· Initial empiric tx

· β-lactam & aminoglycoside
· Also

· Synergy

· PCNs & AG

· Enterococcal endocarditis

· Pseudomonas

· Ceph & AG

· Inducible β-lacatamase

· Enterobacter


	· Bactericidal – kill bacteria - irreversible
· Penicillins

· Cephalosporins

· Quinolones

· Aminoglycosides

· Bacteriostatic – inhibit bacterial growth (+immune system→kill bacteria) - reversible
· Tetracycline

· Macrolides

· Chloramphenicol

· Clindamycin

· Sulfonamides



	Tissue distribution
	Bacterial barriers

	Post antibiotic effect (PAE)
	

	· Outer membrane of gram –ve

· β-lactams

· AG

· Cell wall – periplasmic β-lactamases

· β-lactams

· Cytoplasmic membrane

· AG

· Tetracyclins

· Chloramphenicol

· Cytoplasmic pumps
	Site

High

Int

Low

CSF

chloramphenicol

macrolides

sulfonamides

penicilins

tetracyclines

trimethoprim

cephalosporins

aminoglycosides
vancomycin

Bile
penicillins
cephalosporins

macrolides

tetracyclines

aminoglycosides
chloramphenicol

vancomycin

Urine

penicillins
cephalosporins

aminoglycosides

vancomycin

tetracycline

sulfonamides

quinolones

minocycline
doxycycline

chloramphenicol

macrolides



	· 
	· Suppression of bacterial growth that persists after short exposure of organisms to abx

· β-lactam abx→PAE vs. gram +ve
· Time-dept killing – %time>MIC

· AG & quinolones→PAE vs. gram –ve orgs

· Concentration dept killing - ↑killing as [] ↑ above MIC

	Choosing the right antibiotic
	Selective toxicity of antibiotics

	Adverse effects of antibiotics
	Antibiotic tissue penetration
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· Relatively less sensitivity to toxicity in human vs. bacteria

· Host efficacy=bacterial toxicity (L)-host toxicity

Abx class

Bacteria

Humans

Cell wall active

cell wall

no cell wall

Quinolones

DNA gyrase

topo II differs

Rifampin

RNA pol

RNA pol differs

Ribosomal inhib

70S

80S

Sulfonamides

folate syn

no transport
no folate syn

transport folates
Trimethoprim
DHFR

different DHFR


	· Mechanism of action
· Selective toxicity
· Antibiotic coverage of microorganisms
· Individualize abx decision for organism, local epidemiology and patient
· Empiric (broad) tx→definitive (narrow) tx
· Bacteriocidal vs. bacteriostatic
· Combination antibiotics
· Synergy vs. antagonism

	· Blood concentration

· Molecular size

· Protein binding in plasma

· Lipid solubility

· Ionic solubility

· Tissue binding

· Inflammation

· Active transport

· Excretion pathways

· Extravascular penetration

· Rapid equilibration w/vascular space

· Large reservoir
	Abx class
Toxicity
β-lactams

CNS toxicity, bleeding, nephrotoxicity
Vancomycin

histamine release

Aminoglycosides

nephrotoxicity, ototoxicity, neuromuscular toxicity

Tetracyclines

teeth, bones

Erythromycin

hepatitis, GI

Clindamycin

colitis

Chloramphenicol

gray syndrome, aplastic anemia, BM

Quinolones

CNS toxicity, arthroplasty, QT prolonged

Sulfonamides

hemolytic anemia

Trimethoprim

folate antagonism



	Antibiotic resistance mechanisms
	Antibiotic killing characteristics

	Specific antibiotic classes
	

	Drug

time-dept
[]-dept
PAE G+

PAE G-
BACTERICIDAL

β-lactam
X

X

Vancomycin
X

Quinolone
X

X

X

AG

X

X

X

BACTERIOSTATIC

Oxazolidinone

X

X

Macrolides

X

Clindamycin

X

Tetracycline

X

Chloramphenicol


	· Modification of target to reduce affinity

· Inactivation of abx by modification

· Bypass of inhibited rxn

· Overproduction of target enzyme

· Active efflux pumps

· Permeability restriction

· Resistance genetics

· Mutation

· Acquisition of new DNA

· Transduction – transfer of bacterial DNA enclosed in bacteriophage

· Translocation – cells take up free DNA from environment

· Conjugation – transfer of DNA on plasmids through cell-cell contact

· Transposons – mobile genetic elements flanked by insertion sequences

	· 
	Class
Drugs

Anti-metabolites

Sulfonamides

Trimethoprim

Cell Wall Inhibitors

β-lactams

Vancomycin

Ribosome Inhibitors

Many subclasses

DNA synthesis

Quinolones



	β-lactams
	Penicillin binding proteins

	Selective toxicities of cell wall active antibiotics
	Penicillin antibiotics characteristics

	· Bacteria have several other "penicillin binding proteins" (PBPs) in addition to transpeptidase in bacterial cell membrane

· Some PBPs are "killing targets" w/some β-lactams binding  preferentially to 1 or more PBPs
	· β-lactams all inhibit cross-linking (transpeptidation) of peptidoglycan strands catalyzed by transpeptidase

· β-lactams bind covalently w/enzyme forming inactivated acylated transpeptidase

· Penicillin is structural analogue of D-ala, D-ala

· β-lactam ring is in same position as peptide bond

· Autolysins continue dissolution of cell wall structure in absence of synthesis

	· Bactericidal

· Time-dept killing

· PAE for G+ (GPC (S.aureus), not GNR (Pseudomonas))

· Allows less frequent dosing than suggested by t1/2
	· Bacteria have cell walls

· D-ala-D-ala

· Transpeptidase

· Humans do not have cell walls

· L-ala

· No transpeptidase

	Penicillin G pharmacokinetics
	· Penicillin: bacterial resistance

· β-lactamase inhibitors



	Clavulanate
	Penicillin G spectrum of activity

	· Alteration of PBP site

· Reduced permeability

· β-lactamase

· Plasmid mediated & excreted

· Constitutive and periplasmic in G-

· β-lactamase inhibitors developed to counter this

· Clavulanate

· Sulbactam

· Tazobactam

· MOA

· Penicillin enters β-lactamase active site→βLase hydroylzes β-lactam ring→penicilloic acid lacks sterically contrained D-ala-D-ala homology
	· Absorption

· Acid unstable

· Erratically absorbed

· Distribution

· 50% body weight

· ↓CSF penetration

· Pumped out by probenecid sensitive mech.

· Inflammation inhibits pump→↑penetration

· Metabolism

· 10% metabolized

· Some products allergenic

· Elimination

· Renal excretion (glomerular filtration & organic anion pump)

· T1/2= 45min

	· Strep. spp

· Neisseria meningitidis
· Syphilis

· Oral anaerobes (not Bacteroides fragilis)
· Clostridia

· Actinomyces

· Listeria

· Pasteurella multocida
· Bacillus anthracis (anthrax)
	· Competes w/ Penicillin for β-Lase active site→β-Lase opens clavulanate β-L ring instead

· Augmentin (amoxicillin-clavulanate) - ↓MIC than amoxicillin alone

	β-lactam pharmacokinetics

(except Ceftriaxone)
	Adverse effects of Penicillin

	Penicillin Hypersensitivity
	Penicillin antigen formation

	· Hypersensitivity (Rare→common)

· Type I anaphylactic, immediate hypersensitivity
· Type I urticaria
· Type II cytolytic

· Type III arthus 
· Type IV delayed type
· Type V Idiopathic
· Toxicity

· Common

· GI symptoms (oral drugs)

· Sodium overload (Ticarcillin)

· Less common

· BM depression

· Hepatitis

· Platelet Aggregation (PCN, Ticarcillin), seizures
	· Absorption

· Protein binding=17-97%

· Distribution

· Vd=14-40% body weight (0.14-0.4L/kg)

· ↓penetration of eye, brain, CSF, prostate

· Inflammation enhances penetration

· Metabolism

· 10% metabolized

· Some products allergenic

· Elimination

· Renal excretion predominates; proportional dose adjustment

· Cl=100-200mL/min/1.73 M2
· T1/2=0.5-1.5h

	· Spontaneous opening of β-L ring (penicilloylation)

· Penicilloyl-protein conjugates form – penicilloyl binds to Human Serum Albumin→sensitizes immune system→allergic rxn.
	· Type I anaphylactic, immediate hypersensitivity (0-1h)
· IgE, FcR, mast cells, basophils

· Penicillin anaphylaxis (GI, pulm, skin, vascular)
· Type I urticaria (1-72h)

· IgE, basophils, mast cells
· Type II cytolytic (1-72h)
· IgG, IgM, complement targets cells in circulation

· Penicillin hemolytic anemia

· Type III arthus (>72h)
· IgG, Ag-Ab complexes fix complement→deposit in vascular endothelium→"serum sickness"

· Arthralgia, lymphadenopathy, fever (penicillin)

· Type IV delayed type(>72h)

· Sensitized T lymphocytes & macrophages

· Ag contact, lymphokines, PMNs, macrophages

· Poison ivy, contact dermatitis

· Type V(>72h)

· Maculopapular eruptions

· Eosinophilia

· Stevens-Johnson

· Exfoliative dermititis


	Problems with Penicillin G
	Penicillin family

	· 
	

	Type of Penicillin

Drug
β-Lase inhibitor available

Penicillin G
Aminopenicillins (extended spectrum)
Amoxicillin

Ampicillin
X

X
PCNase-resistant (antistaphylococcal)
Dicloxacillin

Cloxacillin

Oxacillin

Nafcillin

Methcillin
Anti-Pseudomonal Penicillins

Piperacillin

Mezlocillin

Azlocillin

Carbenicillin

Ticarcillin
X

X
PK Advantage

Penicillin V

Penicillin G benzathine

Penicillin G procaine

	· Short half-life

· Unstable to gastric acidity

· Inactivation by β-Lase

· Spectrum poor for G-

· Allergenicity
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