
Pharmacology and Therapeutics          Aminoglycosides  
October 30, 2012                                                           Constance Pachucki, M.D. 

1

#34 – AMINOGLYCOSIDES 
Drugs covered 

Amikacin, tobramycin, gentamycin, streptomycin 
 

I. INTRODUCTION 
 
 The first group of antibiotics that are dosed individually for each patient and require 

serum concentration monitoring 
 
 

II. MECHANISM OF ACTION 
 

A. The mechanism of action of the aminoglycosides is multifactorial, but ultimately 
involves the inhibition of protein synthesis 

 
 B. Aminoglycosides irreversibly bind to the 30S ribosomal subunit (some to 50S 

subunits), which results in a disruption in the initiation of protein synthesis, a 
measurable decrease in protein synthesis, and misreading of messenger RNA. 

 
1. The aminoglycosides must first bind to cell surface, not energy dependent 

 
2. Transported across the bacterial cytoplasmic membrane by two energy 

dependent mechanism. 
 

3. Ribosomal binding  inhibits the synthesis of proteins, which disrupts the 
structure of the cytoplasmic membrane. 
   

4. Aminoglycosides require aerobic energy to enter the cell and bind to 
ribosomes. (They are inactive against anaerobic bacteria) 

 
 

C. Aminoglycoside antibiotics are rapidly bactericidal in a concentration-     
dependent manner, except against Enterococcus spp.  
 

D. Post-antibiotic effect (PAE) 
1. Suppression of bacterial growth after concentrations have fallen below MIC 

 
2. Finite duration - 2 to 4 hours 

 
 

3. Can dose every 24 hours 
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III. MECHANISMS OF RESISTANCE 
 
 A. Alteration in aminoglycoside uptake 
 
  1. Chromosomal mutations that influence any part of the binding and/or 

electrochemical gradient that facilitates aminoglycoside uptake – leads to 
decreased penetration of aminoglycoside inside the bacteria. 

 
 B. Synthesis of aminoglycoside-modifying enzymes 
 

1. Plasmid-mediated resistance factor that enables the resistant bacteria 
(usually gram-negative) to enzymatically modify the aminoglycoside by 
acetylation, phosphorylation, or adenylation. The modified 
aminoglycoside displays poor uptake and binds poorly to ribosomes, 
leading to high-level resistance. 
 

2.      A large number of enzymes have been identified, and cross-resistance may         
occur.  Gentamicin and tobramycin are generally susceptible to the same 
modifying enzymes, while amikacin is resistant to many enzymes. 

    
 C. Alteration in ribosomal binding sites 
 
  1. Ribosomal binding site alterations rarely occur as a mechanism of 

resistance to gentamicin, tobramycin, and amikacin. 
 
  
 
IV. SPECTRUM OF ACTIVITY 
 

A. Gram-negative aerobes 
 
1. Enterics E. coli, K. pneumoniae, Proteus spp. Acinetobacter, Citrobacter, 

Enterobacter spp. Morganella, Providencia, Serratia, Salmonella, Shigella) 
 

  2. Pseudomonas aeruginosa  
 

B. Mycobacteria  
 
1. Tuberculosis – streptomycin 

 
 2.  Non-tuberculous mycobacteria - streptomycin or amikacin  

  
 C.   Not active against anaerobes 
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 D.       Gram-positive aerobes:  (NEVER USED ALONE, are used with cell-wall active 
agents to provide synergy; LOW DOSES) – primarily gentamicin 

 
  Most strains of S. aureus and coagulase-negative staphylococci  
  Viridans streptococci 
  Enterococcus spp. (gentamicin or streptomycin) 
 
  
  
  E. Synergy 
   
  1. Synergy exists between the aminoglycosides and cell-wall active agents, 

such as -lactams and vancomycin.  Synergy is demonstrated when the 
effect of the drugs in combination is greater than the anticipated results 
based on the effect of each individual drug; the effects are more than 
additive. 

 
  2. Possibly due to enhanced uptake of aminoglycoside into bacteria whose cell 

walls have been damaged by cell wall synthesis inhibitors. 
 
  3. Synergy has been demonstrated for: 
 

   Enterococcus - with ampicillin, penicillin or vancomycin (gent or strep) 
   S. aureus, viridans streptococci- with -lactams or vancomycin (gent) 

    P. aeruginosa and other gram-negative aerobes - with -lactams (gent-
amicin, tobramycin or amikacin) 

 
V. PHARMACOLOGY 
 
 A.       Absorption 
  1. Aminoglycosides are very poorly absorbed from the gastrointestinal tract. 
   
  2. Aminoglycosides are well absorbed after IM administration, Rarely used. 
   
  3. Intermittent intravenous infusion is the preferred route of administration,  
 B. Elimination 
 
  1. 85 to 95% of an administered aminoglycoside dose is eliminated 

unchanged by the kidney via glomerular filtration, resulting in high 
urinary concentrations. 

 
  

 
 

VII. CLINICAL USES  
 

A. Largely replaced by Beta-lactam antibiotic 
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B. Aminoglycosides are toxic and require monitoring of serum levels 
 
C.   RARELY USED AS MONOTHERAPY 
 

1. Used in combination with beta-lactam to treat pseudomonas aeruginosa 
and other highly resistant gram negative bacilli 

 
 D.   Urinary tract infections, sepsis especially urinary source or intra-abdominal 

source, skin and soft tissue infections, 
 

1. Does not penetrate into lung, so cannot be used alone for pneumonia 
 

E.  Amikacin 
 
1. Used for gram negative infections with multi-drug resistance 

 
2 Least likely to be inactivated by bacterial resistance enzymes 

 
F.   Gentamicin or streptomycin  

 
1. used for synergy with appropriate cell wall active    agents (ampicillin, 

vancomycin, etc) for the treatment of serious infections (endocarditis) due to 
enterococci, viridans streptococci, or staphylococci. 
 

G.    Streptomycin is used in conjunction with other antituberculous medications  
 
VIII. ADVERSE EFFECTS 
  
 A. Nephrotoxicity 
 

1. Manifested as nonoliguric azotemia secondary to proximal tubular damage, 
leading to an increase in BUN and serum creatinine.  
 

2. Reversible if the aminoglycoside dose is adjusted or the drug is discontinued 
early enough. 

 
 

3. The risk factors for the development of nephrotoxicity include prolonged 
high trough concentrations, prolonged therapy > 2 weeks, the presence of 
underlying renal insufficiency, advanced age, hypovolemia, and the use of 
concomitant nephrotoxins (vancomycin, amphotericin B, cisplatin, CT 
contrast, etc.). 
 

4. Comparative nephrotoxicity-gentamicin most nephrotoxic 
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a. Gent>tobra>amikacin>streptomycin 

  
 

B. Ototoxicity - auditory and vestibular 
 

1. Due to eighth cranial nerve damage.  
 

a.  Damage is irreversible, and must be caught early.  
 

b. Vestibular symptoms include dizziness, nystagmus, vertigo and ataxia 
 

 
c. Auditory toxicity tinnitus, hearing loss 

 
2. Auditory toxicity is more common with amikacin>gentamicin and tobramycin 

 
3. Vestibular toxicity is more common with streptomycin>gentamicin, or 

tobramycin>amikacin.   
 

4. The risk factors for the development of ototoxicity include prolonged high 
trough concentrations, prolonged therapy > 2 weeks, the presence of renal 
insufficiency, advanced age, and the concomitant use of other ototoxic 
drugs(vancomycin, loop diuretics). 

 
 C.  Other rare adverse effects of the aminoglycosides include neuromuscular 

blockade  


