Learning Objectives
Physiological Aspects Of Neuromuscular Transmission
 At the end of the lecture, the student should be able to :
· Explain the functional anatomy of Neuromuscular Junction.

· Tell us components of Neuromuscular Junction..

· Define motor unit.

· Describe the types of synapse.

· Explain excitatory synapse. 

· Give details of the inhibitory synapse. 

· What are the sequences of events during transmission of impulse at neuromuscular junction?

· Comparison of synapse & Neuromuscular Junction.

Lecture Outline
Physiological Aspects of Neuromuscular Transmission

Neuromuscular (Myoneural) Junction:
· The nervous system 'communicates' with muscle via neuromuscular (myoneural) junction. 

· These junctions work very much like a synapse between two neurons. 

· The functional connection between nerve fiber and its target cell is called synapse.

Components Of The Neuromuscular Junction.

Motor neuron:
· Synaptic knob.
· Synaptic vesicles. 

· Presynaptic membrane.

· Synaptic cleft.

· Neurotransmitter (acetylcholine).

· Acetyl cholinesterase (an enzyme).

Muscle fiber :
· Motor end plate (a part of sarcolemma of muscle fiber).

· Acetylcholine receptor.

The Neuromuscular Junction:
· Site where motor neuron meets the muscle fiber.
· Separated by gap called the neuromuscular cleft.
· Motor end plate:
· Pocket formed around motor neuron by sarcolemma.

· Acetylcholine is released from the motor neuron:
· Causes an end-plate potential (EPP).

· Depolarization of muscle fiber

Motor Unit:
· Single motor neuron & muscle fibers it innervates.

· Eye muscles – 1:1 muscle/nerve ratio.

· Hamstrings – 300:1 muscle/nerve ratio.

Neuromuscular (Myoneural) Junction:
· A synapse is a site where information is transmitted from one cell to another either electrically (electrical synapse) or via a chemical transmitter (chemical synapse).

· When the second cell is a muscle fiber, the synapse is called a neuromuscular junction.

Synapse:
· The structural & functional areas of contact between a neuron and a target cell( Where the second cell is a muscle fiber, nerve  fiber or a glandular cell ) is called Synapse

· Synapse is a junctional region where the synaptic knob of one neuron come in contact with surface of dendrite, soma axon, muscle fiber or glandular cell.

Neuromuscular Junction: 
    When the synaptic knob of a neuron terminates on the muscle fiber, is called neuromuscular junction. 
Classification of Synapses:

[image: image1]Functional Classification:
· Depending upon the basis of transmission of impulses, the synapse is classified into three categories:

· Electrical synapse

· Chemical synapse 

· Conjoint (both electrical & chemical) synapse. 

Chemical Synapse:
· It is the junction between a nerve fiber and a muscle fiber or between two nerve fiber through which the signal are transmitted by the release of chemical transmitter.

· In the chemical synapse there is no continuity between pre & postsynaptic neuron because of presence of space called synaptic cleft between two neuron.

 Components of Chemical Synapse: 
· Presynaptic terminal.
· Synaptic cleft.
· Postsynaptic membrane.
· Neurotransmitters released by action potentials in presynaptic terminal.
· Synaptic vesicles

· Diffusion

· Postsynaptic membrane.
· Neurotransmitter removal.
Types of synapse:
· Neurotransmitter is quite diverse in the action.

· Depending on the type of neurotransmitter there are two kind of synapse with different mode of action:

· Excitatory synapse (which transmit the impulses).

· Cholinergic excitatory synapse 

· Adrenergic excitatory synapse 

· Inhibitory synapse (which inhibit the transmission of impulses). 
Excitatory Adrenergic Synapse:
· It employs the neurotransmitter nor epinephrine, other mono amines  & neuropeptides.

· They act through second messenger system such as cyclic AMP.

· The receptor is not an ion gate but an integral protein associated with a G-protein.

Inhibitory synapse:
· A neurotransmitter that causes hyper polarization of the postsynaptic membrane is called inhibitory.

·  During hyper polarization generation of action potential is more difficult then usual because membrane potential becomes more negative & thus even farther from threshold then in its resting stage. 

· This is called inhibitory post synaptic potential (IPSP).  

Sequence of events during transmission of impulse at Neuromuscular Junction:
1. An action potential in a motor neuron is propagated to the terminal button.
2. The presence of an action potential in the terminal button triggers the opening of voltage-gated Ca2+ channels & the subsequent entry of Ca2+ in to the terminal button.

3. Ca2+ triggers the release of acetylcholine by exocytosis from a portion of the vesicles.

4. Acetylcholine diffuses across the space separating the nerve and muscle cells and binds with receptor sites specific for it on the motor end plate of the muscle cell membrane.
5. This binding brings about the opening of ion channels, leading to a relatively large movement of Na+ into the muscle cell compared to a smaller movement of K+ outward.

6. The result is end -plate potential. Local current flow occurs between the depolarized end plate and adjacent membrane.

7. This local current flow opens voltage-gated Na+ channels in the adjacent membrane.
8.
The resultant Na+ entry reduces the potential to threshold. Initiating an action potential, which is propagated throughout the muscle fiber?
9. Acetylcholine is degraded by acetyl cholinesterase enzyme (AChE) to choline and acetate.
10. Choline is taken back into the presynaptic terminal on an Na+- choline 

   Co transporter, terminating the muscle cell’s response.

Comparison of Synapse and a NMJ:
Similarities:

· Both are excitable cells separated by synaptic cleft that prevents direct transmission of electrical activity between them.

· Axon terminals of both store chemical messenger.
· In both binding of NT with the receptors sites on postsynaptic membrane opens specific channels and permitting ion movement that alter the membrane potential of the cell.
· The resultant change in membrane potential in both cases is a graded potential.

Differences:

· A synapse is a junction between two neurons while a NMJ exist between a motor neuron and a skeletal muscle fiber.
· There is one to one transmission of action potential at a NMJ while an action potential in a postsynaptic neuron occurs only when the summation of EPSPs brings the membrane to threshold.
· A NMJ is always excitatory (EPP) while a synapse may be either excitatory (EPSP) or inhibitory (IPSP).

· The inhibition of skeletal muscle cannot be accomplished at the NMJ: it can takes place only in the CNS through IPSPs at the cell body of the motor neuron.
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