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From: B.G. Katzung, Basic & Clinical 
Pharmacology, Appleton & Lange, 1998. 

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

NEUROMUSCULAR RELAXANTS 
 
 
I. NEUROMUSCULAR RELAXANTS 
 
Neuromuscular relaxants selectively block the nicotinic receptors at the neuromuscular junction.  Some 
degree of muscle relaxation can also be achieved by blockade of interneurons at the level of the spinal 
cord.  The latter therapy is less selective and is primarily limited to the treatment of muscle spasms due 
to injury, upper motor neuron dysfunction or certain orthopedic manipulations. 
   
II. NEUROMUSCULAR BLOCKADE 
 

A.  NEUROMUSCULAR JUNCTION 
NEUROTRANSMISSION 

 
1.   Nicotinic Receptors - Pentomeric 
ligand-gated ion channel.  Different 
nicotinic receptors are made up of different 
combinations of receptor subunits 
(expressed in greek letters).  There are 
numerous isoforms of each subunit type, 
leading to a large number of different 
nicotinic receptors.  However, certain 
combinations of subtypes characterize 
nicotinic receptors with specific functions.  
This difference allows some selectivity for 
therapeutic drugs that target a subset of 
nicotinic receptors, such as those of the neuromuscular junction. 

    
Muscle receptor - 2 alpha, 1beta,  

1 gamma, 1 epsilon�   
   Ganglionic receptor - 2�alpha, 3 
beta� 
    

2. Acetylcholine is released from pre-
synaptic vesicles into the synapse. 
 
3. Binding of nicotinic receptor opens 
cation channels and increases Na+ and K+ 
conductance.  If sufficient membrane 
depolarization develops, action potentials are 
generated. The action potentials are 
propagated down transverse tubules near the 
sarcoplasmic reticulum causing calcium 
release into the intracellular space. 
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     KES, 2007 

 

 
 

 
 
 
 
 
 

4.  Muscle Twitch = Action potential-
dependent increase in [Ca2+]i 
followed by fall in [Ca2+]i due to 
sequestration by sarcoplasmic reticulum 
 

Clonus =  reduced ability to lower calcium 
between stimulations due to increased 
frequency of stimulation leads to 
incomplete relaxation    
 

Tetanic contraction = no appreciable 
reduction in [Ca2+]i between stimuli         
leads to physiological muscle contraction   

 
 

5.   Propagation of the action potential 
generated by sufficient acetylcholine 
receptor (AchR) agonist binding is 
dependent upon availability of voltage-gated Na+ channels in the resting state. There 

must be sufficient channels in the resting state to maintain the action potential until it 
reaches the t-tubules allowing for release of calcium sufficient to enable cross-bridge 
formation.      
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Normal neurotransmission is depicted in the image above 
 
 
 

B. CLASSIFICATION OF NEUROMUSCULAR RELAXANTS ACTING ON 
NICOTINIC RECEPTORS  

 
   1.   Non-depolarizing agents (Curare drugs) 
   2.   Depolarizing agents (Succinylcholine) 
 

C.   NON-DEPOLARIZING BLOCKING DRUGS - COMPETITIVE ANTAGONISTS 
   (e.g. D-TUBOCURARINE, PANCURONIUM, VECURONIUM) 
 
   1.  MECHANISM OF ACTION 
 
    Competitive antagonists at nicotinic acetylcholine receptors 
     

Overcome by excess Ach through  
1) tetanic stimulation 

     2) Cholinesterase inhibitors 
     

At higher concentrations blockade of channel pore develops  
     Less sensitive to excess Ach. 
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2.   CLINICAL MANIFESTATIONS 

 
Competitive binding of curare-like drugs to the nicotinic receptor prevents opening of 
nicotinic receptor ion channel thus preventing membrane depolarization and end-plate 
potentials.  Numerous curare type drugs have been developed.  Choice of drug depends 
on preferred pharmacokinetic characteristics and route of elimination.  One should 
consider the shortest possible duration of action required for the procedure, as well as the 
best route of elimination when choosing a compound to use for muscle relaxation. Shown 
below are the volume of distribution (Vd), clearance rate (Cl) and biological half-life 
(t1/2) of a subset of commonly used non-depolarizing neuromuscular blockers.    

 
A.  Pharmacokinetics 

     Rapid distribution 
     T1/2 dependent on route of elimination 
      kidney > liver > plasma cholinesterase 
 
Use the following chart to gain an appreciation for the relative half-life of the various compounds 
available and how half-life relates to the drug's mode of elimination (don’t memorize the chart!).  

 
 
 
 
 
 
 
 
 
 
 
 

 

Mode of Elimination 

Drug 
                              Percentage Elimination 

Renal Hepatic Metabolic 

Pancuronium 30 - 80 10 15 - 40 

Tubocurarine 40 - 60 40 - 60 0 

Vecuronium > 25 20 ? 
   

Rocuronium 10 - 20 80 - 90 - 

Mivacurium   +++ 
Typically one should avoid drugs that are primarily metabolized by liver enzymes for patients with liver 
failure, or alternatively avoid drugs excreted by the kidney in patients with renal failure. . 

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 65-75 
   

Mivacurium 333 4.6 ~ 3 - 5 

Rocuronium 217 4.9 ~ 60 
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B.  Receptor Reserve - The biological half-
life of the curare compounds tend to be 
longer than their therapeutic effect. 
(duration of action),  While this is true for 
most drugs as plasma levels fall below the 
therapeutic window, this is exaggerated in 
the curare drugs because quite high receptor 
occupancy is required before an effect (i.e., 
reduced muscle twitch) is observed.  The 
percentage of receptors that must be 
occupied by an antagonist to inhibit 

contraction is known as the receptor reserve.  This concept is illustrated in the figure on the left. 
Stimulation induced muscle twitches are used to gauge the degree of muscle relaxation during 
administration of neuromuscular blocker prior to surgery.  A small electrical stimulus is applied and the 
resulting muscle twitch is assessed.  The top of the illustration demonstrates leg muscle twitches.  The 
fraction of muscle nicotinic receptors occupied by tubocurarine is shown in the bottom graph.  Note 
that in the illustration, 75% of the receptors must be occupied before any decrement in function (i.e., 
loss of muscle twitch) develops.  Almost 100% occupancy is required before full relaxation is 
observed.  Different muscle beds have different receptor reserve and so will demonstrate the effects of 
curare type drugs at different plasma concentrations. Respiratory muscles have the highest reserve, 
followed by larger limb and trunk muscles followed by fine muscles.  This results in a characteristic 
onset of drug effect: 

 
Muscle weakness followed by paralysis 

    Affects small muscles first then large muscles of limb and trunk 
   Order:  Extraocular, hands and feet, head and neck, 
    abdomen and extremities, diaphragm-respiratory muscle 

      Recovery is in reverse order 
 

  3. CLINICAL USES: 
 
     Muscle relaxation for surgical procedures (many different drugs) 
     Endotracheal intubation (rocuronium, mivacurium) 
    Reduced resistance during ventilation (many) 
      

4. SIDE EFFECTS: 
 

    Non-analgesic (all)  
     Apnea (all) 

     Histamine release (hypotension, bronchospasm: mivacuronium) 
    Muscarinic blockade (increased HR and CO, pancuronium, rocuronium) 

 
5. DRUG INTERACTIONS: 
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      Inhalation anesthetics (enhances effect) 
     Antibiotics (enhance effect, particularly aminoglycosides) 
     Local anesthetics  
       

6. CHEMICAL ANTIDOTES: 
 

   Cholinesterase inhibitors - neostigmine  
Muscarinic blockers - glycopyrrolate (minimizes muscarinic effects of 

cholinesterase inhibitor) 
 
 
 D.  DEPOLARIZING BLOCKING DRUGS -AGONISTS (e.g. SUCCINYLCHOLINE) 
 
   1.  MECHANISM OF ACTION - There are two phases.  During phase 1 block, 
occupancy of the receptor by succinylcholine causes opening of the ion channel and thus depolarization 
of the motor end plate.  The drug also appears to enter the channel, which causes a prolonged flickering 
of ion conductance.  Succinylcholine is metabolized by plasma cholinesterase (not acetylcholinesterase).  
Plasma cholinesterase is not available at the synapse, therefore depolarization of the membrane is 
prolonged resulting in inactivation of voltage-gated Na+ channels.  The Na+ channels cannot regain their 

resting state until the membrane is repolarized.  Consequently, no further action potential can be 
propagated resulting in flaccid paralysis. 
  

Phase I - Depolarizing block 
     

Depolarization of muscle with sustained muscle contraction - 4-8 
min (opens cation channel to cause end plate depolarization) 

     Flickering of ion conductance due to blockade of channel  
     Flaccid paralysis 
      Cholinesterase inhibitors augment blockade 

 
When succinylcholine exposure exceeds ~30 min, the membrane becomes repolarized. This is 
known as Phase II block. Despite repolarization, the receptor remains desensitized. The 
mechanism is unclear but may relate to blockade of the channel pore by succinylcholine.  Phase II 
blockade has characteristics similar to non-depolarizing block in that blockade is overcome with 
cholinesterase inhibitors or tetanic stimulation.  The duration of action becomes unpredictable at 
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this point.  This phase is best avoided by using other agents during longer cases since recovery is 
not as predictable.  Patient should be monitored using muscle stimulation to assess Phase II block.  
To reverse phase II block, cholinesterase inhibitors can be used, but one must ensure that 
remnants of Phase I block are gone, i.e., succinylcholine must be gone…wait 20 min after last 
succinylcholine dose, since cholinesterase inhibitors will actually prolong Phase I block.  

 
Phase II - desensitization block 

     Repolarization of membrane 
     Desensitization (exact mechanism unknown)  

 
   2. PHARMACOKINETICS OF DEPOLARIZING DRUGS   
     
    More rapid onset of action than non-depolarizing agents 
    Rapidly metabolized in plasma by cholinesterase (not at synapse) 
    Action terminated by diffusion of drug away from motor end plate. 
    Genetic variant in cholinesterase can prolong drug action 
 
   3.  CLINICAL MANIFESTATIONS: 
  

    Muscle fasciculation due to initial contractions 
    Order:  arm, neck, leg, diaphragm; followed by neuromuscular 

blockade 
 

4. CLINICAL USES: 
 
     Endotracheal intubation 
    Control convulsions during ECT 
  

5. SIDE EFFECTS: 
 

    Non-analgesic  
    Apnea  

       Muscle pain from fasciculations 
      Increased intraocular and intragastric pressure 

Stimulation of nicotinic receptors of autonomic ganglia and cardiac 
muscarinic receptors in sinus node (arrhythmia, hypertension, 
bradycardia) 

 Hyperkalemia due to K+ release from motor end plate (associated with 
burns or nerve damage).   

Can initiate malignant hyperthermia in children with undiagnosed muscle 
myopathies. 

 
     6. DRUG INTERACTIONS: 
     
    local anesthetics (enhance effect)  
    cholinesterase inhibitors (enhance effects of Phase I block) 
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7. CHEMICAL ANTIDOTES: 
     

   
     Phase I 

None-- rapidly (5-10 min) hydrolyzed by plasma 
cholinesterase  

      Atropine for bradycardia due to muscarinic effects 
 
     Phase II  
      Cholinesterase inhibitors 
 

8. CONTRAINDICATIONS:  
 
     Family history of malignant hyperthermia, 

acute phase of significant trauma (7-10 days) due to hyperkalemia  
 patients with skeletal myopathies 

 
 
III. SPASMOLYTIC DRUGS 
 
 A. SKELETAL MUSCLE RELAXANTS: 
 
  1.  Mechanisms of spasticity 
    Heightened skeletal muscle tone 
     Release from inhibitory supraspinal control 
     Increased activity of facilitory pathways     

 Heightened excitability of alpha and gamma motor systems 
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Katzung, fig. 27-10, p. 442 
 

2.  Treatment of spasticity 

    
Katzung, fig. 27-11, p. 438 

 
   Reduce activity of Ia fibers that excite the primary motoneuron 
   Enhance activity of inhibitory internuncial neurons. 
    

 
 

B. TYPES OF SPASMOLYTIC DRUGS: 
 
  1. BACLOFEN 
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Mechanism of action: 

     GABAB agonist 
     Reduces calcium influx, and therefore reduces the release of 
      excitatory transmitters and substance P in spinal cord 
 
    Clinical usages: 
     Spinal spasticity 
     Spasticity due to multiple sclerosis 
      
   Side effects: 
     Drowsiness,  
    Mental disturbance 
 
 
  2. BENZODIAZEPINES (e.g. DIAZEPAM, CLONAZEPAM) 
      
   Mechanism of action: 

Facilitate GABA mediated pre-   synaptic inhibition 
     

Clinical usages: 
    Flexor and extensor spasms 
    Spinal spasticity 
    Multiple sclerosis 
     
   Side effects: 
    Sedation and drowsiness 
 
    
  3. TIZANIDINE. 
    
   Mechanism of action: 
    Alpha2-adrenergic agonist 

Promotes pre- and post-synaptic inhibition in the spinal cord 
  
   Clinical Uses: 
    Multiple sclerosis 
    Spinal Spasticity 
 
   Side Effects: 
    Drowsiness 
    Hypotension 
 
   
  4. DANTROLENE 
     
   Mechanism of action: 

Blocks calcium release from sarcoplasmic reticulum in muscle, thus 
interfering with excitation-contraction in the muscle fiber 
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    Fast muscle fibers are more sensitive 
    Cardiac and smooth muscle insensitive 
    
   Clinical usages: 
     Spasticity due to stroke, spinal injury, multiple 
     sclerosis, cerebral palsy 
     Malignant hyperthermia - characterized by sudden and prolonged 
     calcium release 
 
   Side effects: 
     Muscle weakness 
    Sedation  
    Hepatitis (occasionally) 
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IV.  LIST OF DRUGS COVERED I N LECTURE:   for more detail consult on-line reference 
 www.rxlist.com/cgi/generic/albut2_cp.htm.  Text in bold font are important. 
  

Generic Name 
Trade 
Name 

Duration of 
action 

Mechanism of 
Action 

Elimination Rx 

Succinylcholine Anectine 
Duration < 8 
min 

Depolarization 
Blockade of 
muscle nicotinic 
receptors 

Metab by 
plasma 
cholinesterase  

Tracheal 
intubation or 
ECT 
 

Pancuronium Pavulon 
Duration 30-
60 min  

Non-depolarizing 
blockade of 
muscle 
Nicotinic 
receptors 

Primarily 
renal 
excretion 

Adjuvant in 
surgical 
anesthesia, sp. 
Abdominal wall 
relaxation & 
orthopedic 
procedures 

D-tubocurarine Generic 
Duration >60 
min 

Non-depolarizing 
blockade of 
muscle nicotinic 
receptors 

Liver 
clearance & 
renal 
elimination 

Prototype only 
used in lethal 
injection 
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Rocuronium Zemuron 
Duration ~25 
min. 

Non-depolarizing 
blockade of 
muscle nicotinic 
receptors 

Liver 

Intubation, 
muscle 
relaxation 
during surgery 
or ventilation 

Mivacuronium Mivacron 
Duration 15-
20 min 

Non-depolarizing 
blockade of 
muscle nicotinic 
receptors 

Plasma 
cholinesterase 

Intubation, 
muscle 
relaxation 
during surgery 
or ventilation in 
pts w/ renal 
failure

Vecuronium Norcuron 
Duration 30-
45 min. 

Non-depolarizing 
blockade of 
muscle nicotinic 
receptors 

Liver metab. 
& clearance, 
renal 
elimination 

Adjuvant in 
surgical 
anesthesia, sp. 
Abdominal wall 
relaxation & 
orthopedic 
procedures

Baclofen Baclofen 1.5 hrs. 

Inhibits 
neurotransmitter 
release from 
skeletal muscle 
sensory afferent 

Urine 

Muscle 
spasticity assoc. 
with multiple 
sclerosis or 
spinal cord 
injury 

Diazepam Valium 43 hr 
Benzodiazepine 
receptor agonist 

Liver 

Muscle spasm 
due to local 
injury 
(inflammation), 
muscle 
spasticity due to 
loss of 
descending 
inhibitory input, 
e.g. cerebral 
palsy 

Tizanidine Zanaflex 2.5 hr 
Centrally acting 
α2 agonist 

Liver 

Muscle 
spasticity due to 
spinal cord 
injury or 
multiple 
sclerosis 

Dantrolene Dantrium 8 hr 

Uncouples 
excitation-
contraction of 
skeletal muscle 
(blocks ryanodine 
receptor) 

 
Muscle spasm, 
Malignant 
hyperthermia 
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