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Lecture Objectives

1. Describe the mechanisms by which skeletal muscle nicotinic receptor 
activation stimulates skeletal muscle contraction 

2.   Compare the mechanisms by which depolarizing and non-depolarizing 
neuromuscular blockers act to promote paralysis

3.   Compare the pharmacokinetics of the two classes of neuromuscular blockers.

4.   Describe how cholinesterase inhibition affects the paralysis produced by each 
type of neuromuscular blocker.

5.   Compare the mechanisms which terminate action of the two classes of 
neuromuscular blockers.

6.   List the characteristics of the two classes of neuromuscular blockers that suit 
them to particular therapeutic use.

Lecture Objectives (cont’d)

7.   Describe the prominent side effects of each class of skeletal muscle 
relaxant.

8.   List the antidote for both classes of neuromuscular blockers.

9.   Describe the characteristics of phase I and phase II block with depolarizing 
neuromuscular blockers

10. Describe the characteristics that make one non-depolarizing agent better 
than another for specific indications. 

11. Describe the mechanisms by which baclofen and benzodiazepines alter 
somatic motor neuron excitation.

12. List the major side effects of baclofen and benzodiazepines and discuss 
how the route of delivery can reduce side effects.

13.  Describe the basic mechanisms by which tizanidine and dantrolene reduce 
muscle spasticity and list the major side effects of each.
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Neuromuscular Relaxant Indications

Treatment of spastic muscle conditions

Relaxation of larynx for endotracheal intubation

To prevent muscular contraction during ECT 

Relaxation of chest during mechanical ventilation

Adjuvant to anesthesia during surgery

Ach released from active zone of pre-synaptic bouton

Two Ach molecules bind a nicotinic receptor to open ion channel

The ion channel becomes permeable to cations (primarily Na+) which 
produces EPP

EPPs summate leading to AP 
generation and propagation

AP propagates down T-tubules 
activating L-type Ca++ channels

Stimulates Ca++ release by ryanodine
Receptors or SR, [Ca++]i increase leading to 
cross-bridge formation

Neuromuscular Junction Transmission

From B.G. Katzung, Basic and Clinical Pharmacology, 9th Ed., McGrawHill, New York, 2004

Development of muscle fiber tension 
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Propagation of AP

Proper skeletal muscle contraction requires:

• Ach release
• available nicotinic receptors
• summation of EPPs to produce AP
• fast Na+ channels in the resting state
• increased intracellular calcium

Types of neuromuscular blockers

Non-depolarizing agents (curare type)
Competitive antagonists of Nm receptor

Depolarizing agents (succinylcholine)

Prolonged activation of Nm and membrane
depolarization
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Non-depolarizing Agents

Overcome by excess Ach 

tetanic stimulation or AchE inhibitors

Channel pore blockade at higher concentrations

less sensitive to AchE inhibitors

Mechanism of Action

Competitive antagonism of Nm receptor

Clinical Characteristics of Non-depolarizing Agents

Choice of drug depends on desired pharmaco-
kinetic parameters, e.g., short vs. long T1/2, renal vs.
hepatic elimination.

Curare drugs have:

Rapid distribution (do not cross BBB)
T1/2 depends on how drug is eliminated

renal (slow) > hepatic (faster) > plasma cholinesterase (fast)

Pharmacokinetic Data

Drug Vd  (ml / kg) C1 (ml/kg /min)  t β ½ (min)

Pancuronium 140 - 205 1.2 - 1.6 75 - 107

Tubocurarine 297 - 522 1.8 - 3.0 107-237

Vecuronium 270 5.2 61.1

Mivacurium ~ 3 - 5

Rocuronium ~ 60

333

217

4.6

4.9



5

Mode of Elimination

Drug
Percentage Elimination

Renal Hepatic Metobolic

Pancuronium 30 - 80 10 15 - 40

Tubocurarine
40 - 60 40 - 60 0

Vecuronium
> 25 20 ?

Rocuronium
10 - 20 80 - 90

-

Mivacurium
+++

Significant receptor occupancy by antagonist is required
to prevent muscle twitch

Duration of action < plasma half life; high receptor occupancy by antagonist is required 
to block endogenous agonist = large receptor reserve (for agonist)

Clinical Characteristics (Cont’d)

Receptor Reserve

Percentage of receptors that must be blocked before an effect on 
contraction is observed is directly related to receptor reserve.

Highest in the muscles of respiration (highest antagonist receptor 
occupancy required to respiratory muscles)

High reserve also in muscles of coarse movement (e.g. 
gastrocnemius)

Least reserve in the muscles of the face and eyes

Lack of facial expression and ptosis are diagnostic of onset of 
neuromuscular blockade.

Order of paralysis onset: 
Fine muscles then large limbs then respiratory muscles 
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Clinical Uses of Non-depolarizing NM relaxants

Adjuvant to anesthesia during surgery
(choice depends on length of surgery 

and liver/renal function)

Relaxation of larynx for endotracheal intubation
(rocuronium and micuronium)

Relaxation of chest during mechanical ventilation
(choice depends on liver and renal function)

Side Effects

Not analgesic (all)
Apnea (all)
Histamine release (mivacurium)
Muscarinic blockade: increased HR and CO (pancuronium, rocuronium)

Drug Interactions

Inhalation anesthetics (enhance effect)
Antibiotics (enhance effect, particularly aminoglycosides)

Antidote

Cholinesterase inhibitors – neostigmine
Muscarinic receptor blocker (to minimize effect of cholinesterase

inhibitor) - glycopyrrolate

Non-depolarizing muscle relaxants

Depolarizing Agents (Succinylcholine)
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Depolarization Block (phase I)

Depolarization of muscle with sustained contractions
(opens cation channel to cause EPP) 

Flickering of channel due to blockade of channel

Flaccid paralysis

Cholinesterase inhibitors augment block

Prolonged exposure to succinylcholine can 
Lead to Phase II desensitization block

Mechanism unknown

Typically, length of use is short thus avoiding Phase II

During Phase II membrane becomes repolarized

Receptor becomes insensitive to Ach (and other agonists)

Resembles non-depolarizing blockade
(i.e., overcome by cholinesterase inhibitors)

Depolarizing Agents (Succinylcholine)

More rapid onset than non-depolarizing agents

Metabolized by plasma cholinesterase

Action terminated by diffusion away from synapse

Genetic variant of cholinesterase can 
prolong T1/2 of Succ

Pharmacokinetics
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Fasiculations in arm, neck, legs then diaphragm 
followed by flaccid paralysis 

Clinical Manifestations of Depolarizing Blockade

Clinical Uses

Endotracheal intubation
Suppression of muscle contraction during ECST
(electro-convulsive shock therapy)

Side Effects

Not analgesic (all)
Apnea (all)
Muscle pain (fasciculations)
Intraocular pressure/intragastric pressure 
Stimulation of ganglionic nicotinic receptors 

(arrhythmia and hypertension)
Stimulation of muscarinic receptors, sinoatrial node 

(bradycardia)
Hyperkalemia (K+ release from motor endplate) 

immediately after burns 
several days after widespread tissue injury

Drug Interactions: (all enhance effects)

local anesthetics
cholinesterase inhibitors (enhance effects of Phase I block)

Antidotes:

Phase I: Time for diffusion away from synapse and 
hydrolysis by plasma cholinesterase

Late Phase II:  Cholinesterase inhibitors 

Contraindications:

Family history of malignant hyperthermia,
burns (early), major soft tissue injury (delayed)
skeletal muscle myopathies
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Spasmolytic Drugs

Indications:

heightened skeletal muscle tone due to:

1. release from inhibitory supraspinal control
2. increased activity of facilitory pathways
3. increased excitability of  and  motor systems

Goal of spasmolytic therapy is: 

1. reduce1a afferent-mediated stretch reflex
2. enhance activity of inhibitory internuncial neurons

Katzung, fig. 27-10, p. 442

1a afferents excite- and cutaneous afferents inhibit
extrafusal efferents that stimulate skeletal muscle contraction

Katzung, fig. 27-11, p. 438
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GABAB-receptor activation inhibits N-type
Ca2+ channels and thus neurotransmitter release from 1a-afferents

Baclofen is direct agonist of GABAB receptors 
expressed on excitatory 1a afferent nerve terminals

(alpha motor neuron)

Baclofen (GABAB receptor agonist)

Physiological Effect
Reduces calcium influx at 1a afferent nerve terminal
Reduces Substance P release in SC

Indication
Spinal Cord spasticity
Multiple Sclerosis

Toxicity
Drowsiness
Mental Disturbances (altered mental state)

Baclofen can be given orally or through
an intrathecal catheter to reduce side effects

Benzodiazepines: 

positive allosteric modulators of GABAA receptors 
increase GABA-mediated Cl- influx

GABAergic neurons provide pre-synaptic inhibition of 1a afferents

Benzodiazepines enhance this effect

Katzung, 10th Ed. Fig. 22-6, p353
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Diazepam

Physiological Effect
Positive allosteric modulation of GABAA receptor
Opens Cl- channel, hyperpolarizes membrane

Indications
Flexor and extensor spasm
Spinal spasticity
Multiple Sclerosis

Toxicity
Drowsiness
Sedation

Tizanidine

Physiological effect

2-adrenergic agonist mediated pre and post-synaptic 
inhibition in spinal cord

Indications

Multiple sclerosis
Spinal spasticity

Toxicity

Drowsiness
Hypotension

Dantrolene

Physiological Actions
Blocks calcium release from SR of skeletal muscle

Indications
Spasticity due to stroke, spinal cord injury, 

multiple sclerosis or cerebral palsy
Malignant hyperthermia

Toxicity
Muscle weakness
Sedation
Hepatitis


