
Pharmacology & Therapeutics                                                                                             Local Anesthetics 
February 6th, 2018                                                                                                               Scott Byram, M.D. 

1 

 LOCAL ANESTHETICS 
 
 
 
1. GENERAL PROPERTIES: 

 
Definition:  Local anesthetics produce loss of sensation and attenuate muscle 

activity in circumscribed areas of the body by reversibly blocking nerve conduction.  
This phenomenon is called regional anesthesia. 

A. Physicochemical Characteristics. 
These are similar for local anesthetics, varying in whether they have an ester or 

amide “linkage”.  This linkage dictates the pharmacokinetics and toxicity of the 
various drugs.  The larger portion of the administered local anesthetic exists in the 
body fluids in a charged, cationic form.  The cationic state is the most active form at 
the receptor site, but the uncharged drug is very important for penetration of 
biologic membranes. 

B. Pharmacodynamics.   
Local anesthetics block open sodium channels from the cytosolic side.  They are 

most effective on small nerves, on myelinated nerves and those that fire at higher 
frequencies. Thus, they are most effective at blocking the fast firing pain-conducting 
neurons. 

C. Pharmacokinetics.   
The balance between the rate of absorption from the locally injected site and the 

metabolism rate of the drug is a large determinant in the toxicity potential.  Within 
seconds of being absorbed into the circulation, ester-type local anesthetics are 
metabolized to PABA by circulating plasma cholinesterases.  Amide-type anesthetics 
are more slowly metabolized by liver microsomal enzymes.  Local anesthetics 
produce vasodilation (with the exception of cocaine) and are formulated with 
epinephrine to produce local vasoconstriction.  This decreases local perfusion and 
the drug’s absorption to effectively enhance the duration of the local anesthesia and 
reduce the likelihood of toxicity.  

D. Pharmacology and Toxicity. 
Act on all organs in which conduction of impulses occurs.  With sufficient 

absorption into the circulation, amide anesthetics can produce CNS activation and 
seizures, and cardiovascular toxicity.  Hypotension occurs with spinal and epidural 
anesthesia, the degree of which depends on the level of the block.  PABA-induced 
allergy can occur with ester anesthetics.  Amide local anesthetics are not associated 
with allergy, although, methylparaben, a preservative in which they are sometimes 
stored, can lead to hypersensitivity.  
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2. EVALUATION OF SPECIFIC DRUGS. 
 

A. Esters. 
 
 Cocaine was the first known local anesthetic and it remains useful primarily 

because of the vasoconstriction it provides with topical use.  Cocaine is easily 
absorbed from mucous membranes and, therefore, the potential for 
systemic toxicity is great. CNS stimulation and euphoria are the 
characteristics responsible for the abuse potential of this drug.  Cocaine also 
blocks reuptake of norepinephrine and can cause hypertension and 
tachycardia. 

 
 Procaine was first synthesized in 1905 and continues to be useful today.  It is 

readily hydrolyzed by plasma cholinesterase, which accounts for its relatively 
short duration of action.  It often is combined with epinephrine for 
infiltration, nerve block and spinal anesthesia. 

 
 Tetracaine is commonly used for spinal anesthesia. Tetracaine is more 

lipophilic, and thus considerably more potent, long lasting and more toxic, 
than procaine and cocaine.   Since it is only used for spinal anesthesia for 
which small doses are used, toxicity never occurs.  

 
 Benzocaine is an ester of para-aminobenzoic acid (PABA) that lacks the 

terminal secondary or tertiary amino group.  It is so poorly water soluble that 
it can be applied as a dusting powder or ointment directly to wounds and 
ulcerated surfaces without major concern for systemic toxicity. 

 
B. Amides. 

 
 Lidocaine, introduced in 1948, is well tolerated and is one of the most 

commonly used local anesthetics.  Lidocaine produces more prompt, more 
intense, longer lasting and more extensive anesthesia than does an equal 
concentration of procaine.  Lidocaine is the prototypical modern local 
anesthetic. 

 
 Mepivacaine has a slightly more prolonged action than that of lidocaine and 

a more rapid onset of action.  The drug has been widely used in obstetrics, 
but its use has declined recently because of the early transient 
neurobehavioral effects it produces in the neonate (e.g., lassitude). 

 
Bupivacaine has a particularly prolonged duration of action, and some nerve 
blocks last more than 24 hrs.  This is often an advantage for postoperative 
analgesia.  Its use for epidural anesthesia in obstetrics has attracted interest 
because it can relieve the pain of labor at concentrations low enough to 
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permit motor activity of abdominal muscles to aid in expelling the fetus.  
Fetal drug concentrations remain low due to the high level of binding to 
plasma proteins and drug-induced neurobehavioral changes are not 
observed in the neonate.  Bupivacaine is more lipophilic, and thus more 
potent and more toxic, than mepivacaine and lidocaine.  In particular, 
bupivacaine is more cardiotoxic, affecting conduction at lower relative 
concentrations than lidocaine. 
 

     Ropivacaine  Recently introduced as Naropin®, ropivacaine is the only 
currently available local anesthetic to be supplied as a pure S-enantiomer.  
Similar in structure to bupivacaine, ropivacaine seems to offer advantages 
over bupivacaine: 1) a greater margin of safety, i.e., it is less cardiotoxic. 2) 
produces less of a motor block (in lower concentrations).  Ropivacaine is 
being promoted as an epidural anesthetic, especially for obstetrics where it is 
well tolerated by both mother and baby.  It also has been used successfully 
for infiltration anesthesia and peripheral nerve block. 

 
3. CLINCIAL USES. 
 

 
A. Topical Anesthesia 
B. Infiltration Anesthesia 
C. Intravenous Regional Anesthesia 
D. Peripheral Nerve Block: a block of a peripheral nerve or plexus occurs when local 

anesthetic is deposited within the nerve sheath.  The block onset will proceed 
from proximal to distal because the proximal nerve fibers are organized on the 
exterior of the nerve (mantle fibers), and the distal nerve fibers are located on 
the interior of the nerve (core fibers).  The first sign of a successful nerve block is 
often loss of coordination in proximal muscle groups due to blockade of A 
gamma fibers.  

E. Spinal Anesthesia: a block of spinal nerves (autonomic, sensory and motor) in the 
subarachnoid space occurs when local anesthetic is injected into the CSF from L2-

3 caudad (to avoid hitting the spinal cord which ends at L1-2.)  Drugs can be 
prepared so that they are hyperbaric (more dense than CSF) so they can rise and 
produce blockade at levels higher than the site of injection.  Since a band of drug 
is placed in the CSF when injected, all nerves caudad to the site are automatically 
blocked. 

F. Epidural Anesthesia: a block of spinal nerves (autonomic, sensory and motor) in 
the epidural space occurs when drug is deposited there.  The block can be done 
at any level of the cord from the cervical region to the sacrum and drug moves 
equally caudad and cephalad from the injection level.  The resultant block is 
segmental, so, it is possible to produce a band of anesthesia with retained ability 
to move the legs. 

G. Anti-arrhythmics 



Pharmacology & Therapeutics                                                                                             Local Anesthetics 
February 6th, 2018                                                                                                               Scott Byram, M.D. 

4 

Table 1.  Properties of some ester and amide local anesthetics. 
 Potency 

(Procaine =1) 
Onset of 
Analgesia 

Duration 
of Action Anesthetic Use 

ESTERS  

Cocaine HCl 2 Rapid 
(1 min.) 

Medium 
(1 hr) Topical 

Procaine HCl 
(Novocain) 1 Slower 

Short 
(30-45 
min.) 

Infiltration 
Nerve Block 
Subarachnoid 

Tetracaine HCl 
(Pontocaine) 16 

Slow for 
spinal 
(15-20 
min.) 

Long 
(2-5 hr) 

 
Subarachnoid 

Benzocaine 
(Americaine, etc.) 

(For 
topical use 
only) 

(dependent upon 
pharmaceutical 

formulation) 
Topical 

AMIDES  

Lidocaine HCl 
(Xylocaine) 4 Rapid Medium 

(1 ¼ hr) 

Infiltration 
Nerve Block 
Intravenous - 
Regional 
Epidural 
Subarachnoid 

Mepivacaine HCl 
(Carbocaine) 2 Rapid 

(3-5 min) Medium 
Infiltration 
Nerve Block 
Epidural 

Bupivacaine HCl 
(Marcaine) 16 Slower 

Long 
(several 
hrs) 

Infiltration 
Nerve Block 
Epidural 
Subarachnoid 

Ropivacaine 16 Slower Long Epidural 
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