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Na™ channel & Local anesthetics
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Sodium (Na") permeability & action potential
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Structure & function of Na* channel G&G Fig. 15-2
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Clustering of 1on channels in a myelinated nerve fiber

Schwann cell s Na, channels

node of Ranvier
J Physiol 2000;525:63
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Inhibition of impulse conduction in different types of nerve fibers

(p.81)
Local anesthetic
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Figure 26-1. Effect of repetitive activity on the block of sodium
current produced by a local anesthetic in a myelinated axon.
Katzung
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A puffer fish, rega?éled as
a culinary delicacy in Japan. o-
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R Relationship of the ventricular
action potential (AP) to the
electrocardiogram (ECQG)

Early afterdeporalization
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Prolonged APD of ventricular muscle — Long QT syndrome
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Na™ channel blockers/toxins & Channelopathy

SCN4A (Ske]etal muscle) Hyperkalemic Periodic Paralysis
TTX 1 Thr704—Met

binding 5 Met1592—Thr (Val)
site
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FHUME | arlkyl, aromatic, heterocyclic

procaine + butylZ (C,H,) — tetracine(¥1711)

2. ERENE
bz kiR K free base © [HA 74> Ecationic acid
low pKa (7.6-7.8) lidocaine, mepivacaine, prilocaine
pH7.4TIlX. 35%h free base — FEIFTHIELD
high pKa (8.1-8.6) bupivacaine, tetracaine, procaine
pH7.4TIX. 5-10%h free base — FKEIFHAELY

3. ILARETEK stereoselecitivity effects

ropivacaine (S{K) : bupivacaine (TEZ{K) [ZLERTHREEFE - 1D
HEDRXIHMELY (on cardiac Na* channel)




Active form = Wriv WrEt1E B Membrane-
cationic- Bﬁ/rj_/i © LEELE A permeable
amphiphilic cationic acid free base form
' 5 1 .
R’ /R'
+
H R" R”
Ability to penetrate
lipophilic
Poor barriers and Good
cell membranes
{YE BRI T AR A
/ Henderson-Hsselbalch® X, IE T
DEHER ~NDEEE
Lidocaine pKa ="7.9
pKa

pH =7.4

X=1/3




RAEHE 3 & B P AR

o BRI Tl B S HOARIBAS IR A 175 B
=8, MEBOpHIZEMICENTVA,

TR RSB BTN E

7% free base (GEA/ A
F'HL%E’ _ B | SR
Iaacadlineg :=k
( 2B /D o
7.9 = 6.5 - log X LD S

X =0.04 4% free base
=1/24 96% catiohic form



Interstitium

0.1 mm _ el
Cross section through peripheral Peri- Endoneural |Capillary
nerve (light microscope) neurium | space wall

Disposition of local anesthetics 1n peripheral nerve tissue



Epineurium

*\ l Perineurium

+ Blood stream

Needle injecting LA ~ ":\, e
Unmyelinated fiber bundie (C ﬁbors)/
Myelinated fiber (A fibers) Golan, 3 Ed, 2011

FIGURE 11-6. Peripheral nerve anatomy. 1. Local anesthetics (LAs) are
injected or otherwise applied outside the peripheral narve epineurium (the outer-
most sheath of connective tissue containing blood vessels, adipose tissue, fibro-
blasts, and mast cells), 2. LA molecules must cross the epineurium to reach the
perineurium, another epithelial membrane, which organizes nerve fibers into fas-
cicles. The perineurium is the mos! difficult layer for local anesthetics 1o penetrate,
because of the tight junctions between ils cells. 3. LAs then pass through the
endoneurium, which envelops the myelinated and unmyelinated fibers, Schwann
cells, and capillaries. Only LAs that have passed through these three sheaths can
reach the neuronal membranes where the voltage-gated sodium channels reside.
Clinically, a high concentration of local anesthetic must be applied because only a
fraction of the molecules reach the target site.
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Skeletal muscle tone &) e

@ N\ Antiparkinsonian drugs
Myotonolytics

Antiepileptics

Dantrolene

N -\
Muscle relaxants

NMJ Blockers
Botulinum tx.
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Myotonolytics
Increased . Attenuated
inhibition inhibition
Inhibitory Inhibitory
neuron interneuron
Benzodiazepines Tetanus
e.g., diazepam Toxin
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Nicotinic ACh Channel &
Neuromuscular Junction Block

- Claude Bernard M 3EE& (1850s)
(1813.7.12. - 1878.2.10.) EE&
s FERE (BHEE p.76-79)

- Neuromuscular transmission and EC
(excitation—contraction) coupling
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Arrow poison of indigenous South Americans

T XE

Non-depolarizing muscle relaxants
Color Atlas of Pharmacology 3™ Ed
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Actylcholine C H, ART I
C H, C H,
H,C (CH,), C H,
C H, / C H,

/ P olym ethylenebismethonium

n=10, Decamethonium, like Succinylcholine (Depolarizing blocker)
Cf. n=6, Hexamethonium (Ny, receptor blocker, gangalion blocker)



Action of the depolarizing muscle relaxant succinylcholine
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ACh Propagation of
action potential (AP)

1 Rapid ACh cleavage by
acetylcholine esterases

Skeletal
muscle
cell

2 Repolarization of end plate

ACh

New AP and contraction

Succinylcholine

Succmylcholme not degraded
by acetylcholine esterases

Persustent depolanzatlon of end plate

“‘Jew AP and contraction )

cannot be elncned
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Neuromuscular transmission and

excitation-contraction coupling
*AP of nerve

«Ca?" influx in nerve terminal (P/Q%{Ca?" channel)
*Release of ACh (excitation-secretion coupling)
*Opening nicotinic ACh channels

*End-plate potential (EPP) triggers AP

*ACh hydrolysis by AChE

*AP along entire muscle fiber

*Depolarization of T-tubules

Charge movement of DHP receptors Fidey
*Opening of Ca*" release channels (RyR) in SR

Increase in [Ca?*]. triggers contraction
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NN NGRS A Muscle relaxants
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Inhibition of neuromuscular transmission and electromechanical (EC)
coupling



Blockade of ACh receptors
No depolarization of
endplate

Relaxation of skeletal muscles

(Respiratory paralysis)

Artificial
ventilation
necessary

» (plus general
anesthesial)

Antidote:
cholinesterase
inhibitors

| €-9- neostigmine

f=1=L. succinylcholine® &3 antidote TIX7ELY,
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A Normal B MG

Axon

Nerve
terminal

AChR

Diagrams of (A) normal and (B) myasthenic neuromuscular junctions. V, vesicles; M,
mitochondria. The MG junction shows reduced number of AChRs (stippling); flattened,
simplified postsynaptic folds; a widened synaptic space; and a normal nerve terminal.

Harrison Fig. 382-1.
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