Chapter #4: Neural Conduction and Synaptic Transmission

4.3 Integration of Postsynaptic Potentials and Generation of Action Potentials: 
· It was once believed that action potentials were generated at the axon hillock (conical structure at the junction between the cell body and the axon) 
· Most neurons receive thousands of such contacts
· Some neurons have a mechanism for amplifying dendritic signals that originated far from their axon initial segments 
4.4 Conduction of Action Potentials: 
Ionic Basis of Action Potentials
· The random movement of ions rapidly reestablishes resting membrane potential
· The Na+/K+ pump only plays a minor role of this reestablishment 
Refractory Periods
· The refractory period is responsible for two important characteristics of neural activity: 
1. Responsible for unidirectional action potential propagation
2. Responsible for intensity-dependent neural stimulation 
Axonal Conduction of Action Potentials
· An axon can transmit in either direction
· If it is applied to the terminal buttons, an action potential will travel back along the axon back to the cell body this is known as antidromic conduction 
· Axonal conduction in the natural direction, from cell body to terminal buttons is called orthodromic conduction 
Conduction in Myelinated Axons 
· Multiple sclerosis damages the nervous system by attacking myelin
The Velocity of Axonal Conduction 
· The speed depends on two properties: diameter and myelination
· The larger the diameter the faster it will conduct
· Myelinated motor neurons can conduct speeds of 100m/s and small, unmeylinated axons conduct action potentials of about 1m/s
· Maximum velocity of conduction in human motor neurons is about 60 m/s
The Hodgkin-Huxley Model in Perspective
· Based on the study of giant squid motor neurons 
· The following are properties of cerebral neurons that are not shared by motor neurons: 
· Many cerebral neurons fire continually even when they receive no input
· Axons of some cerebral neurons can actively conduct both graded signals and action potentials
· Action potentials of different classes of cerebral neurons vary greatly in duration, amplitude and frequency 
· Many cerebral neurons do not display action potentials the dendrites of some cerebral neurons can actively conduct action potentials
· Cerebral neurons are far more varied and complex than motor neurons 
4.5 Synaptic Transmission: Chemical Transmission of Signals Among Neurons:
Structure of Synapses
· Directed synapses: synapses at which the site of neurotransmitter release and the site of neurotransmitter reception are close in proximity (common arrangement
· Non directed synapses: synapses at which the site of release is at some distance from the site of reception 
· Neurotransmitter molecules are released from a series of varicosities (bulges or swellings along the axon) and branches
· These synapses are often referred to as string of beads synapses
Synthesis, Packaging and Transport of Neurotransmitter Molecules
· Two basic categories of neurotransmitter molecules: small and large 
· Small molecule transmitters are typically synthesized in the cytoplasm of the terminal buttons and packages in synaptic vesicles by the button’s Golgi apparatus
· Once filled with neurotransmitters, the vesicles are stored in clusters next to the presynaptic membrane
· Neuropeptides (large molecules) are assembled in the cytoplasm of the cell body on ribosomes and are then packaged into vesicles by the cell body’s Golgi apparatus and transported by microtubules to the terminal buttons 
· The vesicles that contain small neuropeptides are larger than those than contain small molecule neurotransmitters
· Many neurons contain two neurotransmitters (coexistence)
· The most documented case of coexistence has involved one small molecule neurotransmitter and one neuropeptide 
Release of Neurotransmitter Molecules
· Synaptic vesicles that contain small molecule neurotransmitters tend to congregate near sections of presynaptic membrane that are rich in VG Ca2+ channels
· When stimulated, these channels open and Ca2+ enters the button, the entry of Ca2+ causes synaptic vesicles to fuse with the presynaptic membrane and empty their contents into the synaptic cleft
· At many synapses, one action potential causes the release of neurotransmitter molecules from one vesicle 
· The exocytosis of small molecule neurotransmitters is different from neuropeptides
· Small molecules are usually released in a pulse each time an action potential triggers a momentary influx of Ca2+
· Neuropeptides are usually released gradually in response to general increases in the level of intracellular Ca2+  
Activation of Receptors by Neurotransmitter Molecules 
· Most NTs bind to several types of receptors (receptor subtypes)
· Small molecule NTs tend to be released into directed synapses and to activate either receptors that act directly on ion channels
· Neuropeptides tend to be released diffusely and bind to metabotropic receptors that act through second messengers
· The function of small molecule NTs seem to be fast, and broad. The function of neuropeptides are slow, long lasting signals
Reuptake, Enzymatic Degradation and Recycling 
· Two mechanisms terminate synaptic messages: 
· Reuptake: NT is drawn back into the presynaptic buttons by transporter mechanisms (more common)
· Enzymatic Degradation: enzymes break down NTs 
· E.g. Ach is broken down by AchE 
· NTs or their breakdown products are drawn back into the button and recycled (even so for the vesicles) 
Glia, Gap Junctions and Synaptic Transmission 
· Astrocytes have been shown to release chemical transmitters to contain receptors for NT, to conduct signals, and to influence synaptic transmission between neurons 
· Gap junction: narrow space between adjacent cells that are bridged by fine, tubular, cytoplasm filled protein channels called connexins 
· Gap junctions connect the cytoplasm of two adjacent cells, allowing electrical signals and small molecules to pass from one cell to another
· Sometimes called electrical synapses 
· Transmit signals more rapidly than chemical synapses 
· Glial cells and gap junctions play major roles in brain functioning 
· Cerebral gap junctions occur between all classes of cerebral cells
· Gap junctions are particularly prevalent between inhibitory interneurons of the same type
· Gap junctions almost always link interneurons of the same type
· One function of gap junctions is to synchronize the activities of like cells in a particular area (seen in astrocytes) 
· Astrocytes could be coordinating the activity of synapses in its domain 
4.6 Neurotransmitters: 
Amino Acid Neurotransmitters
· Amino acids are responsible for the majority of fast acting directed synapses in the central nervous system
Monoamine Neurotransmitters
· Monoamines are another class of small molecule NTs 
· Synthesized from a single amino acid, hence mono amine 
· Slightly larger than amino acid NTs and their effects are more diffuse 
· They are present in small groups of neurons whose cell bodies are located in the brain stem 
· These neurons have highly branched axons with many varicosities (string of bean synapses)
Acetylcholine
· Acetylcholine is a small molecule NT that is in a class by itself
· Broken down in the synapse by enzyme Achesterase and neurons that release the NT are said to be cholinergic 
Unconventional Neurotransmitters (Gaseous)
· These are produced in the neural cytoplasm and immediately diffuse through the cell membrane into the extracellular fluid and then into nearby cells
· Once inside, they stimulate the production of a second messenger and in a few seconds are deactivated by conversion to other molecules 
· Endocannabinoids are NTS that are similar to THC the main ingredient in marijuana  
· There have been two endocannabinoid discoveries 
· Anandamide is the most researched out of the two
· Endocannabinoids are synthesized from fatty compounds in the cell membrane, and are released from the dendrites and cell body. They have most of their effects on presynaptic neurons inhibiting subsequent synaptic transmission 
Neuropeptides 
· It is usual to loosely group neuropeptide transmitters into five categories: 
· Pituitary peptides
· Hypothalamic peptides 
· Brain-gut peptides
· Opioid peptides 
· Miscellaneous peptides 
4.7 Pharmacology of Synaptic Transmission and Behavior: 
How Drugs Influence Synaptic Transmission 
· There are seven general steps that are common to most neurotransmitters:
1. Synthesis of the NT
2. Storage in the vesicles
3. Breakdown in the cytoplasm of any NT that leaks from vesicles
4. Exocytosis 
5. Inhibitory feedback via autoreceptors
6. Activation of postsynaptic receptors
7. Deactivation 
	Agonistic Drug effects
	Antagonistic Drug Effects 

	Drug increases the synthesis of neurotransmitter molecules (increasing the amount of precursor)
	Drug blocks the synthesis of NT molecules (e.g. By destroying synthetic enzymes

	Drug increases number of NT by destroying degrading enzymes
	Drug causes the NT to leak from the vesicles and are destroyed by degrading enzymes

	Drug increases release of NT from terminal buttons
	Drug blocks the release of the NT molecules from the terminal buttons

	Drug binds to autoreceptors and blocks their inhibitory effect on NT release
	Drug activates autoreceptors and inhibits NT release

	Drug binds to postsynaptic receptors and either activated them or increases the effect on them of neurotransmitter molecules
	Drug is a receptor blocker; it binds to the postsynaptic receptors and blocks the effect of the NT

	Drug blocks the deactivation of NT by blocking degradation or reuptake
	



Behavioral Pharmacology: Three Influential Lines of Research
· Some Ach receptors bind to nicotine, whereas other Ach receptors bind to muscarine (poisonous substance found in mushrooms)
· These two kinds of receptors are known as nicotinic receptors and muscarinic receptors 
· Both nicotine and muscarinic receptors are found in the CNS and PNS
· In the PNS, many nicotinic receptors occur at the junctions between motor neurons and muscle fibers, whereas many muscarinic receptors are located in the ANS 
· Nicotinic and muscarinic receptors are ionotropic and metabotropic respectively 
· Atropine which is the main active ingredient of belladonna is a receptor blocker that exerts its antagonist effect by binding to muscarinic receptors blocking the effects of acetylcholine on them 
· The disruptive effect of high doses of atropine on memory was one of the earliest clues that cholinergic mechanisms may play a role memory
· Curare an extract that used to be put on tips of poison darts 
· Curare is a receptor blocker at cholinergic synapses, but it acts at nicotinic receptors
· By binding to nicotinic receptors, curare blocks transmission at neuromuscular junctions, thus paralyzing recipients and killing them by blocking their respiration
· Botox a neurotoxin released by bacterium is another nicotinic antagonist, but the mechanism of action is different
· Blocks the release of Ach at NT junctions and is thus a deadly poison
· At the right doses it has many applications in medicine 
· Opium has been used for its pleasurable effects
· The main psychoactive ingredient is morphine, which is a highly addictive analgesic (pain killer)
· Morphine binds to receptors in the brain 
· Microinjections of morphine into the periaqueductal gray (PAG) produces strong analgesia 
· The existence of opiate receptors suggest that opiate like chemicals occur naturally in the brain
· Several families of endogenous opioids have been discovered:
· Enkephalins 
· Endorphins
· All endogenous opioid NT are neuropeptides and their receptors are metabotropic 
· Two drugs were found to have antischizophrenic effects
· Neither drug appeared to have any antischizophrenic activity until patients had been taking it for about three weeks at which they also start to produce mild Parkinson symptoms
· Parkinson’s disease is associated with the degeneration of the main dopamine pathway of the brain
· Dopamine agonists (cocaine and amphetamines) produce a temporary disorder that resembles schizophrenia 
· Schizophrenia is caused by an excessive activity at dopamine synapses and thus hat potent dopamine antagonists would be effective
· D2 receptor plays a key role in schizophrenia, and drugs that most effectively block it are most effective antischizophrenia drugs
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