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Neuromuscular Junction

Note:  The drugs on the drug lists will be the focus of Dr. Carroll's exam questions.

A. Review of Neurotransmission

1. An action potential sweeps down the axon, opens Ca++ channels at the prejunctional nerve terminal, and causes the release of Ach from synaptic vesicles.

2. Ach diffuses across the synaptic junction, activates the nicotinic receptor, which opens channels for positively charged ions to move in.

3. Ca++ is released from the sarcoplasmic reticulum, allowing actin and myosin filaments to slide together causing muscle contraction.

4. Ach only acts at the nicotinic receptor once before it is hydrolyzed by AchE to choline and acetate, both of which go back to the prejunctional nerve terminal.

B.  How neuromuscular blocking drugs effect organ systems.


1. CNS

a. All of these drugs (d-tubocurarine, Pancuronium, Vecuronium, and Succinylcholine) are positively charged and therefore cannot cross the blood brain barrier;  therefore, there are no central side effects.


2. Cardiovascular system

a.  d-tubocurarine causes some ganglionic blockade at therapeutic doses, so it will remove sympathetic tone to the arterioles and drop TPR.  It also removes sympathetic tone to the veins which decreases venous return  and this decreases blood pressure.  The second way it reduces blood pressure is through the release of histamine, which causes vasodilatation.  For this reason,  it is not the ideal drug to use in a patient with cardiovascular disturbances.

b.  Pancuronium does not release very much histamine and it has little effect on the cardiovascular system unless it is administered rapidly.  If given rapidly it can increase blood pressure.

c.  Vecuronium releases no histamine and has no cardiovascular action except it can cause tachycardia is individuals with hyperthyroid conditions who are sensitized to catecholamines.  

d.  Succinylcholine can slow heart rate, release histamine, and it lowers blood pressure.  However, its duration of action is only 5 minutes, so these effects are not a major concern.


3.  Respiratory System

a.  At high doses all of the above drugs are dangerous.  In an overdose of any of the competitive blocking drugs, endogenous Ach cannot activate the nicotinic receptor.  This causes skeletal muscle paralysis, including the diaphragm and intercostal muscles.  This causes respiratory arrest.  Succinylcholine also indirectly causes respiratory arrest in high doses due to the receptor desensitization.

b.  d-tubocurarine and succinylcholine both release histamine, which causes bronchoconstriction.  Therefore, these drugs are dangerous to use in asthmatics.


4.  Eye

a.  Succinylcholine can elevate intraocular pressure, and should not be used in patients with narrow angle glaucoma


5.  Electrolyte balance

a.  Succinylcholine disturbs electrolyte balance due to its elevation of plasma K+ levels.  If K+ levels get too high, this can cause seizures.  Succinylcholine should not be used in patients taking digitalis because digitalis competes with K+ to increase ventricular contraction.  It will reduce the effectiveness of digitalis.

C.  Drugs that act at the nicotinic receptor to produce skeletal muscle relaxation.


1.  Competitive Blocking Drugs.

a. These drugs are used therapeutically during general anesthesia to provide skeletal muscle relaxation.  They are also called surgical adjuncts.

b.  d-tubocurarine

1. It is the prototype drug and acts as a  competitive antagonist at the nicotinic receptor; therefore, it competes with endogenous Ach

2. Too much d-tubocurarine will cause skeletal muscle paralysis.

3.  Override d-tubocurarine's blockade by giving an AchE inhibitor.

.


4.  The drug must be given IV as it is broken down if given orally.




5.  Not to be used in asthmatics due to histamine release.




6.  Duration of action 60-80 minutes.




7.  At one time it was used to diagnose Myasthenia Gravis (MG)



c.  Pancuronium




1.  Better drug to use in asthmatics and in patients with cardiovascular problems



2.  Long duration of action.



d.  Vecuronium

1.  May be the best drug as there is no histamine release and  no cardiovascular side effects, except for potential tachycardia in patients with hyperthyroid.




2.  Draw back is that this drug is expensive.




3.  Intermediate duration of action.


2.  Depolarizing Blocking Drug

a.  Only one still used is succinylcholine, which is two molecule of Ach linked together. 

1. It is an agonist, which produces skeletal muscle relaxation.  But prior to the relaxation this drug causes muscle fasciculations due to its agonist activity.  It causes skeletal muscle relaxation in two phases:  1) Persistent depolarization-- may be caused by the drug's ability to elevate plasma K+ levels, which causes a depolarization of motor nerve terminals and stimulates Ach release.  2) Nicotinic receptor desensitization-- these receptors becomes insensitive to the drug as well as to endogenous Ach.

2.  Extremely short duration of action - - 5 minutes by IV because it is broken down by pseudocholinesterase in the plasma.

3.  Some patients have an atypical pseudocholinesterase, which cannot break down the Succinylcholine as effectively.  Therefore, the dosage must be reduced in these patients to avoid respiratory arrest and prolonged apnea.

4.  Because of its short duration of action, it is only used for endotracheal intubation and to protect skeletal muscles during electroshock therapy.  When used for intubation, a small dose of d-tubocurarine is given first to stop the muscle fasciculations that Succinylcholine initially causes due to its agonist action.


3.  Drug Interactions

a. Aminoglycoside antibiotics (tetracycline, neomycin, and kanamycin) chelate and bind extracellular Ca++ and therefore reduce prejunctional release of Ach.  Less Ach arrives at nicotinic receptor, so the dose of a competitive neuromuscular blocker must be reduced when used as a surgical adjunct in a patient taking one of these antibiotics.  There will be less Ach arriving at the receptor for these competitive drugs to block.

b.  Certain general anesthetics (halothane, and isoflurane) stabilize the postjunctional membrane and make depolarization at nicotinic receptors more difficult.  Therefore, the dose of a competitive neuromuscular blocker should be reduced when using one of these anesthetics.


4.  Toxicity and Side Effects



a. Respiratory paralysis is caused by overdose of any of the 4 above-mentioned drugs:

1. Drug antidotes can be given to counteract the effects of d-tubocurarine, Pancuronium, or Vecuronium.  Neostigmine inhibits AchE, builds up Ach in the synaptic junction, and overrides the competitive blockade. (Neostigmine is preferable to physostigmine because Neostigmine is charged and will not cross the blood brain barrier.)

2.  There is NO drug antidote for Succinylcholine overdoses.  Neostigmine will actually worsen the effects.  Succinylcholine exerts its effect by desensitizing the nicotinic receptors to Ach.  An AchE inhibitor will increase amount of Ach in the junction, further desensitizing the receptors.


5.  Contraindications of Neuromuscular Blockers

a.  Asthma - d-tubocurarine and succinylcholine



b.  Narrow-angle glaucoma - succinylcholine



c.  Hyperthyroid condition - vecuronium

D.  Drugs Acting Directly on Skeletal Muscle to Produce Relaxation


1.  Dantrolene
a.  Chelates Ca++ in the sarcoplasmic reticulum postjunctionally to produce skeletal muscle relaxation.  (This does not affect prejunctional Ca++ movement through ion channels.)

b.  Used to provide muscle relaxation in patients with malignant hyperthermia, which has an unknown etiology.  However, it often occurs in surgical patients who are given the general anesthetic halothane in conjunction with succinylcholine for intubation more than one time.

1.  An explosive release of Ca++ causes exaggerated skeletal muscle contraction, and body temperature is dangerously elevated.

2.  Dantrolene helps because it chelates the Ca and prevents excessive muscle contraction.

c.  Dantrolene is also used to provide muscle relaxation in patients with multiple sclerosis or strokes, but this drug causes overall skeletal muscle weakness

E.  Drugs that Act Prejunctionally to Reduce Ach release


1.  Botulinium toxin



a.  Reduces Ach release from motor nerve terminals

b.  Injected into the eye to treat blepharospasm and has a fairly long duration of action, but doesn't work particularly well due to upregulation of nicotinic receptors in response to the decrease in Ach release caused by the toxin.  Each injection requires more toxin to achieve the same effect.



c. Also used cosmetically to reduce wrinkling.

F.  Drugs Acting Centrally to Produce Skeletal Muscle Relaxation


1.  Cyclobenzaprine (Flexaril)



a.  Used for muscle spasms.  Advantage over Valium - does not produce as much dependence.

b.  Mechanism of action is unknown, but it does block the reuptake of NE; therefore, do not use this drug with a MAO inhibitor because the MAO inhibitor will build up the amount of NE prejunctionally., Cyclobenzaprine will further increase the amount of NE in the junction.  This may cause real tachycardia.

c.  Side effects are quite similar to those of Scopolamine, an anticholinergic drug.  These include sedation, drowsiness, dry mouth, tachycardia, blurred vision, and colorful dreams if you're lucky.

