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The Aminoglycosides

First group of antibiotics that are 
dosed individually for each patient
and require serum concentration 
monitoring 



Aminoglycosides
 Gentamicin
 Tobramycin
 Amikacin
 Streptomycin

Aminoglycosides
Mechanism of Action

Multifactorial- inhibition of 
protein synthesis

 rapidly bactericidal 
(concentration-dependent)

Aminoglycosides
Mechanism of Action

 Irreversibly bind to 30S ribosomes
 Disrupt the initiation of protein synthesis, 

decreases overall protein synthesis, 
causes misreading of mRNA

 Must bind to and diffuse through outer 
membrane and cytoplasmic membrane



Aminoglycosides
mechanism of action

 Ribosome binding inhibits the 
synthesis of protein
 Disrupts  structure of cytoplasmic

membrane
 Aminoglycosides require aerobic 

energy to enter cell and bind to 
ribosomes

Aminoglycosides
mechanism of action

 Concentration-dependent 
bactericidal activity 
 Need to assure adequate levels

 Post-antibiotic effect (PAE)
 Suppression of bacterial growth 

after concentrations have fallen 
below MIC

 Finite duration - 2 to 4 hours
Can dose every 24 hours

Aminoglycosides
Mechanisms of Resistance

 Alteration in aminoglycoside uptake
 Chromosomal mutation 

 Synthesis of aminoglycoside-
modifying enzymes
 Plasmid-mediated; bacteria modifies the 

structure of the aminoglycoside leading 
to poor ribosomal binding

 Alteration in ribosomal binding sites



Aminoglycosides
Spectrum of Activity

Gram-Negative Aerobes-
Enteric gram- negative aerobes
(E. coli, K. pneumoniae, Proteus spp.
Acinetobacter, Citrobacter, Enterobacter spp.
Morganella, Providencia, Serratia, Salmonella, 
Shigella) 

Pseudomonas aeruginosa

Aminoglycosides
Spectrum of Activity

 Mycobacteria
 Tuberculosis - streptomycin
Non-tuberculous mycobacteria -

streptomycin or amikacin

Not active against anaerobes

Aminoglycosides
Spectrum of Activity

Gram-Positive Aerobes –
Staphylococcus spp., 
Enterococcus spp., viridans strep

Aminoglycosides are active against 
gram positive aerobes only in 
combination with a cell wall active 
agent



Synergy
 Synergy between aminoglycosides

and cell-wall active agents --
lactams and vancomycin

 Synergy effect of the drugs in 
combination is greater than the 
anticipated results of each individual 
drug

Synergy
 Enhanced uptake of aminoglycoside

in bacteria whose cell wall 
damaged by -lactams

Aminoglycosides
Pharmacology

 Absorption
 not used orally
 IM injection rarely used except streptomycin
 IV infusion preferred



Aminoglycosides
Pharmacology

Elimination
 85 to 95% eliminated unchanged by 

the kidney → high urinary 
concentrations

Aminoglycosides
Clinical Uses

 Largely replaced by Beta-lactam
antibiotics
 Aminoglycosides are toxic and require 

monitoring of serum levels

RARELY USED AS 
MONOTHERAPY
○ Used in combination with beta-lactam

to treat pseudomonas aeruginosa
and other highly resistant gram 
negative bacilli

Aminoglycosides
Clinical Uses

 Urinary tract infections, 
 Sepsis especially from urinary tract
 Intra-abdominal infections
 Skin and soft tissue infections
 Does not penetrate into lung ,so 

cannot be used alone for 
pneumonia



Aminglycosides
Clinical Uses

 Amikacin- less renal toxicity
 Used for gram negative infections with 

multi-drug resistance
 Least likely to be inactivated by 

bacterial resistance enzymes

 Gentamicin, streptomycin – used 
for synergy with cell wall active 
antibiotics 

 used in combination with beta-
lactam antibiotics or vancomycin
to treat endocarditis caused by 
Staphylococcus spp., viridans
strep, Enterococcus spp.,

 Streptomycin –injectable drug for the 
treatment of M. tuberculosis



Aminoglycosides
Adverse Effects

Nephrotoxicity
 Nonoliguric azotemia due to proximal 

tubular damage; increase in BUN and serum 
Cr

 Reversible if caught early
 Risk factors: prolonged high troughs, long 

duration of therapy (> 2 weeks), underlying 
renal dysfunction, elderly, hypovolemia, use 
of concomitant nephrotoxins (vancomycin, 
amphotericin B, CT contrast)

Comparative toxicities of 
aminoglycosides

 Nephrotoxicity
 Gent > tobra > amikacin > streptomycin
 Ototoxicity
○ Auditory-Amikacin is most auditory toxic
○ amikacin>gentamicin, tobramycin

 Vestibular toxicity 
○ Streptomycin is most vestibular toxic
○ Streptomycin>Gentamicin and 

tobramycin> amikacin

Aminoglycosides
Adverse Effects

Ototoxicity
 8th cranial nerve damage - vestibular 

and/or auditory toxicity
 Irreversible
○ Vestibular: dizziness, vertigo, ataxia 
○ Auditory: tinnitus, hearing loss 

 Risk factors: prolonged high troughs



Aminoglycosides
Adverse Effects

Other - neuromuscular blockade,
cannot be used in patients with 

myasthenia gravis


