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2001b(11)/1997b(10): Describe the required (ideal) pharmacological 
characteristics of LA formulations intended for topical use 
General: LA are agents which block neuronal impulses by blockage of the Na+ 
channels on neuronal axons. Prevent the propagation of action potentials. 

- Classified broadly into amide and ester LAs 
Topical Use 

- Application of agent to external surface in order to achieve blockade 
- Can be epithelial (skin) or mucosal (nose, mouth, conjunctivae, tympanic 

membrane, GU tract) 
o In general, mucosal application will result in ↑systemic absorption 

(++ blood vessels) cf epithelial application 
- Obeys Fick’s Law of diffusion 
F = A x   sol x P1-2 where F = rate of diffusion, A = surface area, 
  T    √MW  sol = solubility of agent, P1-2 = conc gradient 
    T = thickness of barrier, MW = Mol wt 
- Must pass through epithelial barrier to gain access to underlying nerve 

fibres 
Ideal Characteristics 
Physicochemical 

- Presentation: cream, gel, ointment, aerosol, lozenges, drops → depending 
on intended site of action → sufficient to cover appropriate A 

o Low melting point (at body temp) → ↑solubility 
o Low MW will ↑rate of diffusion (<1000 Da) 

- Stable for storage: Room temp ideal, may need preservatives 
- Inexpensive to produce 
- pKa close to 7.4 (maximal unionized fraction at physiological pH) 

o ↑SoO 
- Lipid soluble → ↑uptake by tissues, ↑potency 
- High protein binding → ↑protein binding → ↑duration of action 
- Intrinsic vasoconstrictor activity 

o Most LA have vasodilating activity at low doses → ↑systemic 
absorption → ↓duration of action 

o Vasoconstriction → ↓systemic absorption → ↑duration of action / 
time at target site 

o Addition of 1:20,000 adrenaline can help achieve this by 
↓absorption by one third 

Pharmacokinetic 
Absorption:  

- Conc active component: ineffective if not sufficient (optimize P1-2) 
o Too much result in ↑systemic absorption, local site irritation 

- Additives: 
o Preservatives: ↑shelf-life 
o Buffers: ↑unionised portion (make more basic) 

 ↑Lipid solubility → ↑absorption 
 pKa close to physiological pH → ↑unionised portion 

Distribution: Keep agent localized to desired site of action 
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- High degree of protein binding will ↓Vd → ↑duration of action 
Metabolism: ↓metabolism of agent → ↑duration of action, high systemic 
clearance → ↓toxicity 

- Amides metabolised chiefly in liver → ↓systemic absorption → ↑ duration 
of action 

- Ester LA metabolised by plasma (and liver) esterases 
o ↓blood flow to area → ↓metabolism 

Elimination: by urine 
- Only of metabolites. Not excreted unchanged (except cocaine) 
- No active or toxic metabolites → Toxic metabolite (prilocaine): O-toluidine 

→ ↑methaemoglobinaemia 
o Especially at risk → neonates (impaired methaemoglobin 

reductase), those with congenital deficiency 
 Will need Rx with methylene blue 

Pharmacodynamic 
Mechanism of action:  

- Unionised LA passes through neuronal phospholipids bilayer, ionized in 
axoplasm 

- Binds internally to open-inactive Na+ channels → prevent channel moving 
to closed-resting/open-active state 

o Prevents the propagation of AP 
Neuron action: 

- acts on dermal fibres when applied topically 
o SoO depends on size of neurons (small=faster), distance to onset 

(fibres closer to the epithelial/mucosal surface will be affected first) 
Blood flow: 

- Intrinsic vasoconstrictor properties ideal 
o ↓systemic absorption → ↑duration of action 

 Also ↓systemic toxicity (CNS/CVS) → ↑therapeutic ratio 
o Good for minimizing blood loss 
o Bad if using eg for cannulation as ↓caliber of vessels 

Local Site irritation: 
- Buffers/preservatives can cause skin irritation 
- Allergy to preservative (methylparaben) resembles paraaminobenzoate 
- Metabisulfite is allergenic 
 

 
 


