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Purpose:  This article reviews the characteristics and actions of local anesthetics.

Classification and Structure:  Anesthetic molecules are tertiary amines and act as weak bases.  They are divided into esters and amides based on the intermediate portion of their structure.

Mechanism of Action:  Local anesthetics block the nerve action potential by decreasing the permeability of the nerve membrane to sodium ions.  The most accepted theory holds that the anesthetic alters the configuration of the sodium channels by binding to a specific receptor located either on or within the channel.

Chemistry:  The synthetic local anesthetic, in its weak base form, is unstable, and so is combined with an acid to form a stable, hydrophilic salt (HCL).  This salt will exist as both an uncharged base and a positively charged molecule.  The pH of the surrounding tissue and the pKa of the particular local anesthetic will determine the percentage of charged and uncharged forms available.

Pharmacodynamics:  A local anesthetic must be in its uncharged (base) form to enter the nerve cell membrane.  Once inside, though, it can only exert activity against the sodium channel receptors in its positively charged form.  The pH inside the nerve is constant at 7.4.  Therefore, the amount of uncharged anesthetic molecules available for entry, and subsequent conversion to the active charged form, depends on the pH of the tissues around the nerve.  


In the presence of infection, tissue pH becomes acidic.  In this environment, the excess of H+ ions will combine with uncharged anesthetic molecules to increase the percentage of positively charged anesthetic molecules.  The result is a decrease in the number of uncharged forms available for entry through the nerve membrane.  This explains the decreased effectiveness of local anesthetic in the presence of infection. 


Onset of local anesthetic action is also determined by the pKa.  The lower the pKa, the more uncharged molecules will be available for diffusion through the lipid barrier of the nerve cell membrane and so the onset of action will be faster.  For example, mepivacaine with a pKa=7.6 has a time to onset of 2 to 4 minutes.  Bupivacaine, though, with a pKa of 8.1 has 5 to 8 minute onset time.


The duration of action of local anesthetics is dependent in part on the protein binding of the drug.  Highly protein bound drugs, such as bupivacaine, will have a longer duration of action than a more weakly bound anesthetic, such as lidocaine.  An increased concentration of vasoconstrictor and low tissue vascularity will also increase the duration of the effect.

Pharmacokinetics/Dosages:  Amide local anesthetics (e.g. bupivacaine, lidocaine,

mepivacaine) are metabolized by the liver’s microsomal enzyme system.  Esters (e.g. procaine – no longer manufactured) are metabolized by pseudocholinesterase in the plasma.  Both amides and esters are excreted through the kidney.  


Dosage recommendations for these agents must be taken as recommendations.  Patient factors such as hepatic or renal disease, weight, and age (older patients may have decreased liver, renal, and protein binding functions) must be considered.  If toxic levels are reached, tonic-clonic seizures and myocardial depression may result. 

