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Chapter 21

Antimicrobial chemotherapy

Key terms
• Chemotherapy

– Chemical substances used to treat disease
• Antimicrobial agents

– Chemotherapeutic agents used to treat diseases
caused by microbes

• Antibiotic
– An antimicrobial agent produced by a bacteria

• Synthetic drugs - synthesized in the lab
• Semisynthetic drugs - combination of antibiotic

and synthetic

History of Chemotherapy
• Drugs

– Salvarsan (~1907)
• Paul Ehrlich
• Arsenic (salvation & arsenic = Salvarsan)
• Treatment for syphilis

– Sulfa drugs (~1932)
• Gerhard Domagk
• Prontosil (Red Dye)
• Sulfaninlamide

• Antibiotics
– Penicillin (1928)

• Alexander Fleming (Chain and Florey purified it 10 years later)
– Streptomycin

• Selman Waksman
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Toxicity
• Selective toxicity

– Harm the microbes without harming the host
• Toxic dosage

– Dosage given which causes host damage
• Therapeutic dosage

– Dosage given that controls or kills the microbe
• Therapeutic index

– Toxic dose divided by the therapeutic dose
– Therapeutic index of 8 is much better than 1

Spectrum of activity
• Broad spectrum

– Effective against many taxonomic groups
• Gram + and Gram -
• Can damage the normal flora

• Narrow spectrum
– A single taxonomic group or a small number of

microbes
• Best is the infecting organism is known

Spectrum of antibiotic activity Broad and narrow spectrum agents

Modes of Action
Inhibition of cell wall synthesis
Peptidoglycan

Disruption of cell membrane
Inhibition of protein synthesis
Inhibition of nucleic acid synthesis
Action of antimetabolites/metabolic pathways
Folate biosythesis

Modes of action (fig 13.2)
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Side effects
• Toxicity

– Aminoglycosides damage kidneys
• Therapeutic index

– Ratio of toxic dose to therapeutic dose

• Allergy
– Penicillin

• Anaphylactic shock

• Disruption of normal microflora
– Broad spectrum antibiotics
– Lead to secondary infections

• Candida albicans
• Clostridia - produces toxins

Microbial resistance
• Resistance - the microbe is no longer

susceptible to the antimicrobial agent
– Chromosomal resistance

• A mutation on the chromosomal DNA
– Extrachromosomal resistance

• Resistance plasmid or R factors
– A plasmid with resistance genes

Mechanisms of resistance
• Alteration of targets

• Bacterial ribosomes

• Alteration of membrane permeability
• Alteration transport pores

• Development of enzymes
• ß-lactamase - destroys penicillin

• Alteration of an enzyme
• Active site no longer recognizes the drug - sulfa drugs

• Alteration of a metabolic pathway
• Pathway bypass to get around block caused by the drug

Penicillin resistance Double antibiotic therapy
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Ideal qualities...
• broad spectrum.
• work so as to prevent evolution of antibiotic-

resistant strains of pathogens.
• no undesirable side-effects.
• not destroy normal flora.
• not inactivated by body fluids.
• highly soluble in body.
• reach high enough concentration to work.

Antibiotics
• Natural chemotherapeutic agents.
• produced by microorganisms, particularly

actinomycetes (G+ filamentous bacteria)

Families of antibiotics
(based on structure)

 Cell Wall Synthesis

 β-lactam antibiotics
• Vancomycin

 Protein synthesis

• Macrolides
• Aminoglycosides
• Tetracyclines
• Choramphenicol

 Cell membrane

• polypeptides
• polyenes

β-lactam antibiotics
• penicillins
• monobactams
• cephalosporins
• carbapenems

• inhibit cell wall
synthesis

Macrolides
• Erythromycin
• Azithromycin
• Clarithromycin

– interfere with protein synthesis.

• Flouroquinolones
– Ciprofloxin, ofloxacin

• quinolones
– inhibit DNA synthesis

Aminoglycosides
• streptomycin
• Neomycin
• Gentamicin
• Tobramycin
• Amikacin

• induce abnormal protein synthesis.
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Tetracyclines
• chlortetracycline
• oxytetracycline
• tetracycline
• doxycycline
• minocycline

• interfere with protein synthesis

Polypeptides
• bacitracin

– inhibit cell wall formation
• polymyxins

– cause deterioration of cell membrane.

Polyenes
• nystatin
• amphotericin B

• Damage cell membrane.
• Interfere with membrane function.

Others
• Chloramphenicol
• Sulfonamides
• Isoniazid
• Ethambutol
• Nitrofurans

– protein synthesis inhibitors

MIC Kirby-Bauer disk susceptibility
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E-Test Mechanisms of resistance
• Drug inactivating enzymes

• ß-lactamase - destroys penicillin

• Alteration of targets
• Bacterial ribosomes

• Alteration of membrane permeability
• Decrease uptake of the drug

• Efflux pumps
– Pump the drug out of the cell

• Alteration of an enzyme
• Active site no longer recognizes the drug - sulfa drugs

• Alteration of a metabolic pathway
• Pathway bypass to get around block caused by the drug

Mechanisms of resistance
• Spontaneous mutations
• Gene Transfer

– R plasmids

Why resistance?
• Indiscriminate use of

antibiotics.
• Use of insufficiently

high concentrations
that fail to kill the
bacteria.
– Not following

prescription through.
• Mutation

Preventing resistance
• Avoid indiscriminate use of antibiotics.
• Use high enough dosages.
• Use combinations of antibiotics.
• Switching antibiotics as soon as signs of

resistance

Use verses resistance
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Antifungal drug mechanisms Antifungal agents

Antiviral agents

Antivirals are base analogs Nucleic acid synthesis inhibitors

Tuberculosis
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Antibacterial - protein synthesis inhibitors Antiprotozoan agents

Antihelminthic agents

Antibacterial - cell wall synthesis inhibitors
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Structures of Penicillin Penicillin verses cephalosporin

Sulfa drugs are competitive inhibitors with PABA


