ELECTROCHEMICAL IMPULSE

http://www.biologymad.com/NervousSystem/nerveimpulses.htm
The Impulse

· Neural impulses = movement of an electrical potential disturbance along an axon

· Electrical potential is generated by the separation of positive and negative charges

· Neurons maintain a polarized membrane by unequal distribution of positively charged ions inside and outside the nerve cell

Sodium-potassium pump

· ATP powered pumps found in neuron membranes

· Pumps Na+ out of the cell and pumps K+ into the cell  
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· K+ usually diffuse slowly out of the cell but Na+ are not able to diffuse through the membrane as easily
· Creates a positive charge outside the membrane and a negative charge inside the membrane
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· Resting potential:  The voltage difference across a nerve cell membrane during the resting stage

· ~ -70 mV (millivolts)

· Upon excitation, the neuron membrane becomes more permeable to Na+ than K+ 

· Na+ ions rush into the cell by diffusion and charge attraction

· Causes a charge reversal called depolarization 
· After depolarization, K+ channels open and K+ diffuses out

· Na+ channels then close and the Na+/K+ pump restores the original resting potential (process is called repolarization)

· Refractory period:  The time required for the Na+/K+ pump to repolarize the cell

· ~ 2 ms (milliseconds)

· Ensures that the signal can not move backwards

Movement of the Action Potential

· Action potential: A self-propagating change in membrane potential that travels as a 'wave' along the axon

· Occurs when the depolarization reaches around + 30 mV
· Local depolarization causes Na+ channels to open in adjoining area

· Wave-like movement of depolarization 
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· In myelinated neurons the action potential skips along the axon from one node of Ranvier to the next (ion channels at nodes)
[image: image3.jpg]Schwann cell

Depolarized region
(node of Ranvier)




Threshold Levels and All-or-None

· Threshold levels: Minimum level of a stimulus required to initiate an impulse (different for each neuron)
· All-or-none:  Neurons either fire maximally or not at all

· Increasing the intensity of the stimuli above the threshold value will not produce an increased response

How the Brain Determines Stimuli Intensity

1. More intense the stimuli the greater the frequency of impulses 

· E.g. warm water = low frequency, hot water = high frequency

2. Different neurons have different thresholds

· E.g. water at 40°C will cause one neuron to reach threshold level, but water at 60°C may cause two or more

· Brain distinguishes between neural impulses 
Synaptic Transmission

· Neurons can not pass on their electrical impulses 

· Instead a neurotransmitter is used

· Neurotransmitters are chemicals released from vesicles in the axon terminals of the presynaptic neuron that diffuse across the synaptic cleft and combine with receptors on the postsynaptic neuron, causing ion channels to open 
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· Synaptic cleft is very narrow but the transmission is slow because it relies on diffusion

· The fewer the synapses the quicker the response (e.g. reflex arc vs. solving logic problems)

· After being released, neurotransmitters are either reabsorbed by the presynaptic neuron or broken down by enzymes from the postsynaptic neuron 
· E.g. Acetylcholine is a neurotransmitter and cholinesterase is used to break it down
· Many insecticides work by blocking cholinesterase

· Insect heart contracts but can not relax

Excitatory Transmission

· Neurotransmitter causes depolarization of the postsynaptic neuron by opening postsynaptic ion channels

· Na+ rushes in causing depolarization and an action potential
Inhibitory Transmission

· Neurotransmitter causes hyperpolarization of the postsynaptic neuron (-75 mV to -90 mV) by allowing K+ to flow freely out of the cell
· Increases the positive charge outside the cell

· Depolarization becomes harder to achieve 

· More Na+ channels must open for it to occur

· Many neural transmitters can be both excitatory and inhibitory

Summation

· The effect produced by the accumulation of a variety of neurotransmitters from two or more neurons

· It may take impulses from several neurons to achieve the threshold required for impulse formation
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Differences between electrical currents and neural impulses:

· Current travels much faster than an impulse

· Wire is conductive; the interior of a neuron is very resistant to electrical current

· Electrical currents diminish with distance traveled; neural impulses do not

· Wires rely on an external energy source to push electrons; nerves use cellular energy to generate current

Parkinson’s disease

Parkinson's disease belongs to a group of conditions called movement disorders. It is characterized by muscle rigidity, tremor, a slowing of physical movement (bradykinesia) and, in extreme cases, a loss of physical movement (akinesia). The primary symptoms are the results of decreased stimulation of the motor cortex by the basal ganglia, normally caused by the insufficient formation and action of dopamine, which is produced in the dopaminergic neurons of the brain. Secondary symptoms may include high level cognitive dysfunction and subtle language problems. PD is both chronic and progressive.

Multiple sclerosis 

An autoimmune condition in which the immune system attacks the central nervous system, leading to demyelination.[1] Disease onset usually occurs in young adults, and it is more common in women.[2] It has a prevalence that ranges between 2 and 150 per 100,000.[3] 

MS affects the ability of nerve cells in the brain and spinal cord to communicate with each other. Nerve cells communicate by sending electrical signals called action potentials down long fibers called axons, which are wrapped in an insulating substance called myelin. In MS, the body's own immune system attacks and damages the myelin. When myelin is lost, the axons can no longer effectively conduct signals.[1] The name multiple sclerosis refers to scars (scleroses – better known as plaques or lesions) in the white matter of the brain and spinal cord, which is mainly composed of myelin.[4] Although much is known about the mechanisms involved in the disease process, the cause remains unknown. Theories include genetics or infections. Different environmental risk factors have also been found.[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Multiple_sclerosis" \l "cite_note-pmid11955556-0#cite_note-pmid11955556-0" \o "" [1]
The person with MS can suffer almost any neurological symptom or sign, including changes in sensation (hypoesthesias and paraesthesias), muscle weakness, muscle spasms, or difficulty in moving;[15] difficulties with coordination and balance (ataxia);[15] problems in speech (dysarthria) or swallowing (dysphagia),[16] visual problems (nystagmus, optic neuritis, or diplopia),[17] fatigue, acute or chronic pain,[18]

 HYPERLINK "http://en.wikipedia.org/wiki/Multiple_sclerosis" \l "cite_note-pmid16417816-18#cite_note-pmid16417816-18" \o "" [19] and bladder and bowel difficulties.[19]

 HYPERLINK "http://en.wikipedia.org/wiki/Multiple_sclerosis" \l "cite_note-pmid9413302-19#cite_note-pmid9413302-19" \o "" [20] Cognitive impairment of varying degrees and emotional symptoms of depression or unstable mood are also common.[21]

 HYPERLINK "http://en.wikipedia.org/wiki/Multiple_sclerosis" \l "cite_note-pmid17101907-21#cite_note-pmid17101907-21" \o "" [22] The main clinical measure of disability progression and symptom severity is the Expanded Disability Status Scale or EDSS.[23]  

Mercury destroys the myelin sheath too.
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Figure 1: Methamphetamine alters dopamine neurotransmission in two ways. Methamphetamine enters the neuron by passing directly through nerve cell membranes. It is carried to the nerve cell terminals by transporter molecules that normally carry dopamine or norepinephrine. In the nerve terminal, methamphetamine enters the dopamine- or norepinephrine-containing vesicles and causes the release of neurotransmitter. Methamphetamine also blocks the dopamine transporter from pumping dopamine back into the transmitting neuron. Methamphetamine acts similarly to cocaine in this way. 








Figure 2: Nicotine binds to specific receptors on the presynaptic neuron. When nicotine binds to receptors at the cell body, it excites the neuron so that it fires more action potentials (electrical signals) that move toward the synapse, causing more dopamine release (not shown in figure). When nicotine binds to nicotine receptors at the nerve terminal (shown above), the amount of dopamine released in response to an action potential is increased. 








Figure 3: When cocaine enters the brain, it blocks the dopamine transporter from pumping dopamine back into the transmitting neuron, flooding the synapse with dopamine. This intensifies and prolongs the stimulation of receiving neurons in the brain’s pleasure circuits, causing a cocaine “high.” 











