
• Local anesthetics are drugs used to reversibly depress CNS to prevent or  relieve pain in specific regions 

of the  body without loss of consciousness

• Unlike General Anesthetics, they  generally don’t block sense of touch,  pressure or temperature or relax  

skeletal muscles

• Uses

 Dentistry

 Podiatry (treatment of disorders of the foot,  ankle, and leg)

 ENT operations

 Surgery of skin

 Labor pain

 Postoperative pain

 Skin Trauma

Local Anesthetic
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General Anesthetic Local Anesthetic

Blocks pain in entire body Blocks pain in specific region on body

Blocks sensation of temperature, touch and pressure Selective to blocking pain only.

Muscle relaxation occurs Muscle relaxation not caused

Drug intended to penetrate brain
Drug not intended to penetrate brain but  act on 

local nerves branches

Receptor is ligand gated chlorine channel  and

binding site is outside of cell membrane

Receptor is voltage gated Sodium channel  and

binding site is inside of cell membrane

General Vs. Local Anesthetic 
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3000 B.C.: cocaine “Niemann” 

1905: procaine “Einhorn”

1932: Tetracaine “Eisler”

1943: Lidocaine “Lofgren” 

1957: Mepivacaine “Ekenstam”

1960: Prilocaine “Löfgren.” 

1963: Bupivacaine “Ekenstam” 

1972: Etidocaine

1996: Ropivacaine

1999: Levobupivacaine

• The first local anesthetic introduced into medical practice 

Cocaine, was isolated from coca leaves by Albert Niemann in 

Germany in the 1860s. 

• The very first clinical use of Cocaine was in 1884 by Sigmund 

Freud who used it to wean a patient from morphine addiction. 

• Freud and his colleague Karl Kollar first noticed its anesthetic 

effect and introduced it to clinical ophthalmology as a topical 

ocular anesthetic.

HISTORY
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How Nerve conduction occurs?

• The chemical component occurs at synapse.  It involves membrane 

bound ligand gated  ionic channel (responds to binding of a NT)

Chemical transmission of

stimuli occurring at synapse

through NT binding to their

receptors

• Nerve conduction is a both electrical and  chemical component

• The electrical component occurs within the  axon. It involves membrane 

bound voltage  gated ionic channels (responds to change in  voltage across 

the membrane)

Electrical transmission of stimuli

occurring through axon by movement of

ion in and out
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• When charges are separated by distance, potential difference is created

• The inside of cell has more potassium and less Sodium and large

anionic Protein (A-) that cannot cross the lipid membrane and is thus

localized inside the cell

• The outside of the cell has more Sodium and less potassium

• This difference is maintained by Na/K pumps that pump in 2K+ ion in  cell 

and pump out 3Na+ ion out. Thus one extra positive charge out

• Overall, the inside of the cell has more negative charge and the  

outside has more positive charge

• This gives the cell a resting potential of -70mV

Concept of potential difference and its generation (-70mV)  in resting cell
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Steps in a action potential

1. A stimulus from a sensory cell or another neuron

causes the target cell to depolarize toward the threshold

potential.

2. If the threshold of excitation (-55mV) is reached, all

Na+ channels open and the membrane depolarizes.

3. At the peak action potential (+30mV) K+ channels

open and K+ begins to leave the cell. The membrane

starts to repolarized. At the same time, all Na+

channels close.

4. The membrane becomes hyperpolarized (-90mV) as

K+ ions continue to leave the cell. The

hyperpolarized membrane is in a refractory period

and cannot initiate another action potential

5. The K+ channels close and the Na+/K+

transporter restores the resting potential (-

70mV).
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Changes in the resting membrane potential

Cell state Active receptors Potential

Resting potential Na/K Atphase pump active -70mV

Stimuli causes  Depolarization 

beyond  threshold potential (-

55mV)

Voltage gated Na+ channel open

Na comes inside cell

+30mV

Repolarized state Voltage gated Na+ channel close

Voltage gated K+ channel open

K goes outside cell

+30 to -70mV

Hyperpolarized state Voltage gated K+ channel close slowly -90mV

Resting potential Na/K Atphase pump active -70mV
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1. Its actions must be reversible. 2. It should be non irritating to the tissues. 

3. It should have long shelf life. 4. It should be rapid in action 

5. It should have a low degree of 

systemic toxicity. 

6. It should have sufficient potency to provide 

complete local anesthesia. 

7. It should be of sufficient duration 

to be advantageous. 

8. It should have sufficient 

penetrating properties. 

9. It should be either sterile or capable

of being sterilized by heat without deterioration. 

10. It should be stable in solution and undergo bio 

transformation readily within the body. 

11. It should not produce any local reactions. 12. It should not produce any 

permanent damage. 

13. It should not produce allergic reactions. 14. It should be stable in light. 

15. It should be non addictive. 

17. It should have high therapeutic ratio. 

16. It should be combined with 

other agents. 

PROPERTIES OF AN IDEAL L.A 
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CLASSIFICATION

 Method of administration. 

 Classification on the basis of mode of application

 Based on duration of action

 Based on origin

 Based on chemical structure
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 Method of administration. 
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 A topical anesthetic is a local anesthetic that is used to numb the surface of a body part. They can be

used to numb any area of the skin as well as the front of the eyeball, the inside of the nose, ear or

throat, the anus and the genital area. Topical anesthetics are available in creams, ointments, aerosols,

sprays, lotions, and jellies. Examples include benzocaine, lidocaine, oxybuprocaine,

 Infiltration It is the application of LA in intradermal or  subcutaneous layers, were only the nerve 

fibers near the injected site is affected. The adequate dosage required depends on the extent of the area 

to be anesthetized and the expected duration of the surgical procedure. 

• Patients frequently experience pain immediately after  infiltration injection of local anesthetic 

solutions. This  response is due in part to the acidic nature of these  solutions.

• Used for postoperative pain control at incision site and  suturing

 Applications of LA
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 Epidural block

• Application of LA in the epidural space, ie just 

outside  of the sac of cerebrospinal fluid, and 

thus blocking the  transmission of pain signals 

from peripheral sensory  neuron

Uses

• More effective and safe than N2O during labor

pain

• Management of back pain for hospitalized

patient

• As a supplement to general anesthesia so that 

use of  opiod analgesics can be avoided

• gynaecological surgery, orthopaedic (muscle 

n bone)  surgery, vascular (artery n veins)

surgery

 Spinal block

• Application of LA in the region containing 
cerebrospinal  fluid ,which holds the spinal 
cord, thus blocking the  transmission of pain 
signals from peripheral sensory  neuron

Uses

• Total Hip Replacement, Total Knee 

Replacement,  Caesarean sections, Lower 

limb Vascular surgery

• limited to procedures involving regions below 

the upper  abdomen.

• Use in higher levels may affect the ability to 
breathe by  paralyzing the intercostal 
respiratory muscles and the  disturb heart rate 
by paralyzing cardiac nerve fibres
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• 2% lignocane without vasoconstrictorUltra short duration

• Procaine, 2% lignocane with 0.0001% 
Epinephrine

Short duration

• Articaine, mepivacaine, prilocaine, 2% 
lignocane with 0.0002% Epinephrine

Intermediate duration

• Bupivacaine (400-500 min), Etidocaine, 5% with 
lignocane with 0.0002% Epinephrine

Long duration

 Based on duration of action
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• cocaineNATURAL

• Amino esters of PABA- procaine

• Alkyl esters of PABA- benzocaine

• Amino esters of MABA- unacaine

• Amino amides- xylocaine ,      bupivacaine

SYNTHETIC 
NITROGENOUS 

COMPOUND

• benzyl alcohol
SYNTHETIC NON 
NITROGENOUS 

COMPOUND

MISCLLANEOUS DRUGS ------- Clove Oil, Phenol

 Based on origin
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 On the basis of chemical structure, local anaesthetics are classified as follows:
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 Amino Ester

• Cocaine

• Procaine

• Tetracaine

 Amino Amides

• Lidocaine

• Bupivicaine

• Etidocaine

 Amino Ether

• Pramoxine

• Pramocaine

 Amino Ketones

• Dyclonine

1st chemical structure classification
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A M I D E S

• longer lasting analgesia.

• Produce more intense analgesia. 

• Rarely cause hypersensitivity reactions-

no cross reactivity with ESTER L A s. 

• Bind to alpha1 acid glycoprotein in 

plasma

• Not hydrolyzed by Plasma 

Cholinesterase, more slowly destroyed by 

liver microsomal P450 enzymes. 

E S T E R S

• Short duration of action

• Less intense analgesia

• Higher risk of hypersensitivity 

ESTER linked LA s are rarely used.

• Hydrolyzed by Plasma 

Cholinesterase in blood.

• Rarely used for Infiltration anesthesia

• But useful for topical ana on mucous 

membranes.

The difference between an ester and amide local anesthetic

Classes: The rule of “i”

 Amides will contain an “i” in the generic name prior to “-caine”. (i.e. lidocaine,  mepivacaine, 

prilocaine, bupivacaine, ropivacaine, and levo-bupivacaine).

 Ester’s do not contain an “i” in the generic name prior to “-caine”. (i.e.  procaine, 

chloroprocaine, cocaine, benzocaine, and tetracaine).
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STRUCTURE ACTIVITY RELATIONSHIP

• All local anesthetics have an amine on one end to an aromatic ring on the other

• The amine end is hydrophilic, and the aromatic end is lipophilic

• The two groups are connected by mostly an ester or an amide group and  less 

commonly by ether or ketones

Benzene ring

Lipophilic group

Intermediate bond

Mostly: Ester, Amide
3° Amine and 

proton acceptor

Hydrophilic group
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Lipophilic group

• Lipophilicity is important to penetrate the lipid layer and reach the binding

site on the side of the cell.

The presence of electron withdrawing group in ortho or para position will decreases the 

lipophilicity of the drug but still important in increases the activity for the ester group.

Procaine is more potent if it has a e-donating amine 

group in the aromatic ring. 

Other e-donating groups: -OH, OCH3, CH3

RULE 1:
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Procaine 

Less potent than procaine
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RULE 2:

Zwitterion: this increasing the activity (for ester only) which enhance activity due

to formation of quaternary amine witch important for binding  
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RULE 3:

Halogens: the presence of electron withdrawing halogens in ortho position only can decrease duration of 

by making the ester more Likely for a nucleophilic attack

Nucleophile contain a lone pair of electron. they attack atoms with positive 

charges. The more positive atom, the better for attack

Chlorine in ortho group makes

the carbonyl carbon more

positive and more likely to be

attacked by nucleophiles that

causes breakdown of compound.
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RULE 4:

For amide only, presence of di-ortho substituted group

prevent breakdown of amide and thus increase it’s stability

in both liquid formulation and the body enzymes

Structure 1: 

CH3 group:

• Make it difficult to hydrolyze

• Stable in water and blood

• More duration of action

Structure 2: 

• No protection against hydrolysis

• Unstable in water and blood

• Not enough duration of action

Note: instead of CH3, other groups such as 

OCH3 can also be used
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Linker

• Linker group has short alkynene chain containing few carbon atom and (ـــCH2ـــ)

various functional groups as Amids, ester, ether, or ketone. 

Ketone: Falicaine Ether: Pramocoine

Amide: Lidocaine Ester: Procaine
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The increasing of the alkylene chain length,

increase the pKa which reduces potency

because more drug get ionizied out-side the

membrane and thus can’t penetrate into the

binding site.

Increasing CH2 group =

increased pka (increased

basicity) = increased

ionized form = decreased

potency
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Bridge X: 

X: carbon, oxygen, nitrogen, or sulfur

The anesthetic potency decreased in the following order:

Sulphur, Oxygen, Carbon, Nitrogen.

These modification also affect duration of action and toxicity. 

In general, amides (X=N) are more resistant to metabolic hydrolysis than

esters (X=O). Thioesters (X=S) may cause dermatitis.
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Hydrophilic group

• Usually be a secondary or tertiary amine group.

• It’s important because it’s believed that when they enter the cell they will accept a proton and 

form positively charged quaternary form (water soluble salt) that is needed for binding to 

voltage gated ion channel.

Procaine believed to bind to 

it’s receptor when the amine 

group is positively charge

quanternary form Charged Quanternary

form is believed

to bind to receptor
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• However, Benzocaine has no anime portion but is still an effective topical LA

• Thus the use of Amine part could only be for proper water solubility and not directly related to 

proper binding

Benzocaine has no amine

but is still effctive LA
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Lipophilic center

Ester

C
ar

b
o
n
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h
ai

n Benzocaine: In para position of the lipophilic center there is an amino

group Lacks the basic aliphatic amine function yet has potent local

anesthetic activity Used topically

Lipophilic center

Ester
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n
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Amino Esters 

Tetracaine: In para position of the lipophilic center there is an alkylamino

group

Lipophilic center

Ester

C
ar

b
o

n
 c

h
ai

n

Proparacaine: There is an amino group in the meta position This group

will decrease lipophilicity of the molecule
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Lidocaine: The o,o-dimethyl groups are required to provide suitable protection from 

amide hydrolysis to ensure a desirable duration of action

Mepivacaine: The o,o-dimethyl groups are required to provide suitable protection 

from amide hydrolysis to ensure a desirable duration of action. No carbon bridge. 

Cyclic amine (piperidine).

Bupivacaine: The o,o-dimethyl groups are required to provide suitable protection 

from amide hydrolysis to ensure a desirable duration of action No carbon bridge 

Cyclic amine (piperidine).

Amino Amides
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Amino Ether-Pramoxine: Lipophilic group has an alkoxy

Substituent. Nitrogen is in a morpholino ring

Amino Ketone-Dyclonine: Lipophilic group has an alkoxy

substituent Nitrogen is in a piperidine ring
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Amino AmidesAmino Esters 
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CLASSIFICATION AS:

1. Benzoic acid derivatives
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2nd chemical structure classification

a. Benzoic acid derivatives

a.1 Derivatives of benzoic acid

a.2.Derivatives of para-amino benzoic acid

i. Freely soluble: Procaine, Amethocaine.

ii. Poorly soluble: Benzocaine, Orthocaine

b. Derivatives of acetanilide: Lignocaine, Mepivacaine, Bupivacaine, Prilocaine, Etidocaine.

c. Miscellaneous: Dimethisoquin, Dibucaine, and Dyclonine.

d. Newer drugs: Ropivacaine, Levobupivacaine
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a.1. Benzoic acid derivatives

Hexylcaine

Meprylcaine

Isobucaine

Piperocaine

Cyclomethycaine

a. Benzoic acid derivatives
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a.2. p-Amino benzoic acid derivatives

Benzocaine

Tetracaine

Butacaine

Procaine

Chlorprocaine
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SAR of benzoic acid derivatives

• The clinically useful local anaesthetics of this series possess an

aryl radical attached directly to the carbonyl group.

• Substitution of aryl group with substituents that increase the electron density of the carbonyl oxygen

enhances activity.

• Favorable substituents in aryl ring include (electron-donating groups) alkoxy (propoxycaine), amino

(procaine), and alkylamino (tetracaine) groups in the para or ortho positions. This homologous series

increases partition coefficients with increasing number of methylene group (-CH2-). Local anaesthetics

activity peaked with the C4-, C5-, or C6-homologous: e.g., tetracaine, cyclomethycaine.

• Aryl aliphatic radicals that contain a methylene group between the aryl radical and the carbonyl group

result in compounds that have not found clinical use.

Aryl group
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SAR of benzoic acid derivatives

Lipophilic “ Aryl group “

• Most of these local anaesthetics are tertiary amines available as HCl salts with pKa in the range of 7.5–9.0.

• Any structural modifi cation of the local anaesthetic that causes change in pKa will have pronounced effect 

to reach hypothetical receptor or the binding sites.

1. The clinically useful local anaesthetics of this class possess

an aryl radical that is attached directly to the carbonyl

group and are highly liphophilic. They appear to play an

important role in the binding of local anaesthetics to the

channel receptor protein.
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2. Amino (procaine, butacaine) alkyl amino (tetracaine) alkoxyl (cyclomethycaine) group can contribute

to electron density in the aromatic ring by both resonance and inductive effects. Hence the increase in 

local anaesthetic property.

Amino 

alkyl amino

cyclomethycaine

Tetracaine is more potent than procaine

(40–50 times). Although the butyl group

present in it increases lipid solubility
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3. Any substitution that enhances zwitterion formation will be more potent. Hence m-position 

substitution decreases the activity.

Tetracaine is more potent than procaine (40–50 

times). Although the potentiation is partly due to 

electron releasing property of the n-butyl group 

via inductive effect, which intend to increase the 

formation of the Zwitterion.
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4. Structural modification leads to change in physical and chemical properties. Electron withdrawing 

substituents in ortho or para or at both the positions leads to an increase of its local anaesthetic

property.

Procaine

Chloroprocaine
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Intermediate “Bridge X”

• The bridge X may be carbon, oxygen, nitrogen, or sulphur.

• In an procaine series, anaesthetic potency decreased in the

following order: sulphur, oxygen, carbon, nitrogen.

• These modifications also affect duration of action and

toxicity. In general, amides (X=N) are more resistant to

metabolic hydrolysis than esters (X=O). Thioesters (X=S)

may cause dermatitis.

• In procaine-like analogues, branching (especially at the

alpha carbon) will increase duration of action. This effect is

not seen in the lidocaine series.

• Increasing the chain length will increase potency but will

also increase toxicity.
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Hydrophilic portion “Aminoalkyl”

•The aminoalkyl group is not necessary for local anaesthetic

activity, but it is used to form water-soluble salts (HCl salts).

•Tertiary amines result in more useful agents. The secondary

amines appear to be of longer activity, but they are more irritating;

primary amines are not very active and cause irritation.

•The tertiary amino group may be diethylamino, piperidine, or

pyrrolidino, leading to the products that exhibit essentially the same

degree of activity.

•The more hydrophilic morpholino group usually leads to

diminished potency.

•Some analogues have no amino group at all, such as benzocaine.

They are active but have poor water solubility.
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b. Anilide derivatives
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•The clinically useful local anaesthetics of this type possess a phenyl group

attached to the sp2 carbon atom through a nitrogen bridge.

•Placement of substituents on the phenyl ring with a methyl group in the 2

(or) 2 and 6-position enhances the activity. In addition, the methyl

substituent “ as lidocaine “ provides steric hindrance to hydrolysis of the

amide bond and enhances the coefficient of distribution.

SAR of Anilides

Aryl group

•Any substitution on the aryl ring that enhances zwitterion formation will be 

more potent.

2’

6’
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Substituent X

•X may be carbon, oxygen, or nitrogen. Among them Lidocaine series (X=O) has provided more 

useful products.

Aminoalkyl group

•The amino function has the capacity for salt formation and is considered the hydrophilic portion of 

the molecules.

•Tertiary amines (diethylamine, piperidines) are more useful because the primary and secondary 

amines are more irritating to tissue.
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Phenacaine
Structurally, it is related to anilides in that the

aromatic ring is attached to a sp2 carbon through a

nitrogen bridge. It is one of the oldest synthetic local

anaesthetic. It is used mainly for producing local

anaesthesia of the eye.

Soluble in water, and potent surface anaesthetic; used

primarily for anus. Very toxic in nature.

Diperodon

c. Miscellaneous
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Pramoxine HCl (Traonaolene)

It is a surface anaesthetic, which possesses very low 

degree of toxicity and sensitization. It is applied 

locally as 1% solution in rectal surgery, itching, and 

minor burns.

Dyclonine (Dyclone)

Containing lozenges are used to relieve minor sore 

throat and mouth discomfort. It is used to anesthetize 

mucous membranes of mouth, trachea, and urethra 

prior to various endoscopic procedures.
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Dibucaine (Nupercaine)

It is several times more potent than procaine when injected

subcutaneously and five times more toxic than cocaine, when injected

intravenously. It is the most potent toxic and long-acting local

anaesthetics used as infiltration, surface and spinal anaesthesia.

Dimethisoquin (Synonym: Quinisocaine, Quotane) 

It is a surface anaesthetic used as an ointment

or lotion for relief from irritation, itching,

pain, or

burning.
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d. Newer drugs: Ropivacaine, Levobupivacaine

Ropivacaine Levobupivacaine

Newer local anaesthetics were introduced with the goal of reducing local tissue irritation, minimizing 

systemic cardiac and central nervous system (CNS) toxicity, and achieving a faster onset and longer 

duration of action.
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PROCAINE

• Procaine is a local anesthetic drug of the ester group 

• effective parental but are relatively weak when applied topically 

• slow onset (4-5 min), short duration, pKa=8.8 

• It has the advantage of lacking of local irritation, minimal systemic toxicity, longer duration of action, 

and low cost. 

• It can be effectively used for causing anaesthesia by infiltration, nerve block, epidural block, or spinal 

anaesthesia.

• is metabolized by the plasma enzymes to form para-amino benzoic acid (PABA) which is causes allergic 

effect 

• MOA – blocks pain by depressing CNS by antagonizing votage gated Na+ channel thus inhibiting 

generation of action potential 
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Synthesis

Route I. From: p-Amino benzoic acid: direct reaction of the 4-aminobenzoic acid with 2-

diethylamino-ethanol in the presence of sodium ethoxide.

Route II. From: oxidizing 4-nitrotoluene to 4-nitrobenzoic acid, which is further reacted with thionyl

chloride

Procaine 
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It is an all-purpose local anaesthetic drug used frequently in surface,

infiltration block, caudal, and spinal anaesthesia. It is reported to be 10

times more toxic and potent than procaine. Its duration of action is

twice than that of procaine.

Tetracaine

Propoxycaine (Blockhain)
Its local anaesthetic potency is reported to be 7 or 8 times more

than that of procaine. It is a structural isomer of proparacaine,

and is less toxic with slightly lower potency than proparacaine. It

is mainly used for infiltration and nerve block anaesthesia.

An effective ester-type surface anaesthetic with potency about equal

to that of tetracaine. It is a useful anaesthetic in ophthalmology and

induces little or no initial irritation. It is useful for most occular

procedures that require topical anaesthesia

Proparacaine
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Chloroprocaine

Is a very short-acting, amino ester–type local

anesthetic used to provide regional anesthesia

by infiltration as well as by peripheral and

central nerve block, including lumbar and

caudal epidural blocks. The presence of a

chlorine atom ortho to the carbonyl of the

ester function increases its lipophilicity and its

rate of hydrolysis by plasma cholinesterase at

least threefold compared to procaine and

benzocaine.

Benzocaine

Like most amino ester–type local anesthetics, it is easily 

hydrolyzed by plasma cholinesterase. However, because 

of its low pKa, it is un-ionized under most physiologic 

conditions and, therefore, can only bind to the lipid site in 

the sodium channel
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• Most commonly used potent amide type local anesthetic for both parenteral 

and topical use 

• has a rapid onset of action (Intravenous - 45 to 90 seconds). 

• It is a potent local anaesthetic. It is reported to be twice as active as procaine 

hydrochloride in the same concentrations

• Di-ortho methyl groups make the amide group resistant to hydrolysis thus it 

has moderate duration of action (1-2 hrs) 

• Produces eutectic mixture with prilocaine

• MOA – blocks pain by depressing CNS by antagonizing voltage gated Na+ 

channel thus inhibiting generation of action potential

LIDOCAINE
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Lidocaine synthesis

Lidocaine is synthesised from 2,6-dimethylaniline upon reaction with chloroacetyl

chloride, which gives α-chloro-2,6-dimethylacetanilide, and its subsequent reaction

with diethylamine affords lidocaine.
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Metabolism of Lidocaine 

Undergoes N-de-ethylation to yield mono-ethyl

glycinexylide followed by amidase action to

N-ethyl glycine and 2, 6-dimethylaniline.

Dr. Amin Thawabteh 57



The duration of action is significantly longer than that of lidocaine,

even without adrenaline. It is of particular importance in subjects

showing contraindication to adrenaline. It is a local anaesthetic used

for infiltration, peridural, nerve block, and caudal anaesthesia.

Prilocaine (Citanest hydrochloride) Its duration of action is in between the shorter-acting lidocaine and

longer-acting mepivacaine. The solution of prilocaine HCl is

specifically used for such patients who cannot tolerate vasopressor

agents, patients having cardiovascular disorders, diabetes,

hypertension, and thyrotoxicosis.

It is a long-acting local anaesthetic of the amide type, similar to

mepivacaine and lidocaine, but about four times more potent. The

effect of bupivacaine last longer than lidocaine hydrochloride. It is

longacting local anaesthetic mainly employed for regional nerve

block.

Bupivacaine (Marcaine)

Mepivacaine (Polocaine)
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Ropivacaine

• S-Ropivacaine hydrochloride is the first optically active, amino amide type local anesthetic marketed in 

recent years. It combines the anesthetic potency and long duration of action of bupivacaine with a side 

effect profile intermediate between those of bupivacaine and lidocaine. 

• Although ropivacaine has a pKa nearly identical to that of bupivacaine, it is two to threefold less lipid 

soluble and has a smaller volume of distribution, a greater clearance, and a shorter elimination half-life 

than bupivacaine in humans.

• The metabolism of ropivacaine in humans is mediated by hepatic CYP1A2 and, to a minor extent, by 

CYP3A4. The major metabolite is 3-hydroxyropivacaine, and the minor metabolite is S-2′,6′-

pipecoloxylidide (an N-dealkylated product).
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