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Acetylcholine – neurotransmitter that communicates a message to inhibit or slow
Epinephrine – chemical that carries an excitatory message to speed up a process
Cholinergic neurons – class of neurons that release Ach
Norepinephrine – replaces epinephrine as the excitatory neurotransmitter in mammals
Noradrenergic – class of neurons that release norepinephrine neurons 
Synaptic Cleft – small space separating axon terminal and the tip of dendritic spine
Postsynaptic membrane – membrane on the tip of the dendritic spine
Presynaptic membrane – the membrane of the axon terminal
Synaptic Vesicles – round granules that contain the chemical neurotransmitter
Storage Granules – larger storage granules found in some axon terminals that hold a number of synaptic vesicles
Receptors – transmitter activated protein molecules that occupy the membrane that receive the transmitter substance
Reuptake – neurotransmitters that are brought back into the axon terminal by this process
Axodendrtic synapse – axon terminal of a neuron meets a dendrite
Axomuscular synapse – axon terminal of a neuron meets a muscle cell 
Axosomatic synapse – axon terminal ends on a cell body
Axoaxonic synapse – axon terminal ends on another axon
Axosynaptic synapse – axon terminal ends at another terminal
Axoextracellular synapses – axon terminals with no specific target (release to extracellular fluid)
Axosecretory synapse – axon terminal synapses with a tiny blood vessel called a capillary and secrets its transmitter directly into the blood (more general effect)
Dendodendrtic synapses – dendrites may send messages to other dendrites
Renshaw loop - a feedback circuit where an interneuron synapses back on the motor neuron’s cell body to inhibit it from rapid firing after a previously fired synapse
Glycine – neurotransmitter that plays the inhibitory role in the Renshaw loop
Small-molecule transmitters – synthesized and packaged for use in axon terminal; act quickly at the synapse 
Dopamine – plays a role in coordinating movement, in attention and learning and in behaviours that are reinforcing
Rate-limiting factor – a factor that limits the synthesis of a chemical reaction, ex. Tyrosine hydroxylase for dopamine synthesis
Serotonin – amine transmitter involved in regulating mood and aggression, appetite and arousal, the perception of pain and respiration
Glutamate – amino acid transmitter involved in excitatory transmission in the forebrain and cerebellum 
Gamma-aminobutyric acid – amino acid transmitter involved in inhibitory transmission in the forebrain and cerebellum
Histamine – amino acid transmitter involved in arousal and waking; also can cause constriction of smooth muscles, which may lead to allergies
Neuropeptides – multifunctional chains of amino acids that act as neurotransmitters are made through the translation of mRNA from instructions contained in the neuron’s DNA 
Met-enkephalin; Leu- enkephalin; Beta-endorphin – opium and a group of related synthetic chemicals mimic the actions of these three peptide transmitters
Nitric Oxide; Carbon Monoxide – activate metabolic processes in cells, including those modulating the production of other neurotransmitters
Ionotropic Receptors – allows for the movement of charged atoms across a cell membrane when the membrane’s charge fluctuates
Metabotropic Receptors – a single protein that spans the cell membrane, does not possess a pore of its own through which ions can flow, so it must act indirectly 
Guanyl-nucleotide-binding proteins (G proteins) – family of proteins that translates the transmitter’s message into biochemical activity within the cell
Second Messenger – carries a message to other structures within the cell 
Activating system – coordinates wide areas of the brain to act in concert
Alzheimer’s disease – disease that takes away your memory  shows losses of cholinergic neurons at autopsy
Schizophrenia – a behavioural disorder characterized by delusions, hallucinations, disorganized speech, blunted emotion and other symptoms that is linked to excessive DA activity
Major Depression – characterized by prolonged feelings of worthlessness and guilt, the disruption of normal eating habits, sleep disturbances and a slowing of behaviour, and frequent thoughts of suicide  related to decreases in the activity of noradrenergic neurons
Mania – opposite of depression (excessive excitability); may be related to  in activity of noradrenergic neurons
Obsessive Compulsive Disorder – a condition where the affected person compulsively repeats acts and has repetitive and often unpleasant thoughts  related to increases in serotonergic activity

Neurotransmitter Discovery:
· (1921) Otto Loewi identified two important chemicals that communicate inhibitory and excitatory messages respectfully, acetylcholine and epinephrine
· Discovered new class of chemicals that carry messages from one neuron to the next, neurotransmitters
· At about the same time, Walter Cannon demonstrated that cholinergic neurons and noradrenergic neurons play complementary roles in controlling many bodily functions in the autonomic nervous system
· Each neurotransmitter can be either excitatory or inhibitory: action is determined by the receptor with which it interacts
· Class of receptors for neurotransmitters are excitatory and other class is inhibitory
· Ex. Ach is inhibitory on organs of the ANS but excitatory on body muscles connected to the somatic nervous system
· Receptor subtypes can further expand the dimension of excitatory or inhibitory influence of a neurotransmitter, for example a short lasting action at one site vs. a long lasting action at another

The Structure of Synapses:
· Figure 5.2 – Chemical Synapse = shows a vivid picture of a synapse, real and pictured
· Three main parts of a synapse are an axon terminal, the membrane encasing the tip of an adjacent dendritic spine and the very small space separating these two structures, known as the synaptic cleft
· Parts of the postsynaptic membrane often consists largely of protein molecules specialized for receiving chemical messages
· Parts of the presynaptic membrane consists largely of protein molecules that serve as channels and pumps and receptor sites
· Mitochondria are also found in the axon terminal along with other specialized structures including, synaptic vesicles, tubules that give the terminal button its shape and sometimes storage granules           …..Smile 

Steps in Neurotransmission:
· 4 basic steps that involve different chemical reactions
· 1. Synthesis – the transmitter is created by the cell’s DNA or its building blocks are imported and stored in the axon terminal
· 2. Release – the transmitter is transported to the presynaptic membrane and released in response to an action potential
· 3. Receptor Action – the transmitter traverses the synaptic cleft and interacts with receptors on the membrane of the target cell
· 4. Inactivation – the transmitter is either drawn back into the axon of the presynaptic cell or breaks down in the synaptic cleft. Otherwise, it would continue to work indefinitely

Step 1 – Transmitter Synthesis and Storage:
· Derived in two basic ways:
· Synthesized as proteins in the cell body according to DNA instructions; packaged on the Golgi bodies and transported to the axon terminal
· Slower acting
· Synthesized in the axon terminal from building blocks derived from food; transporter proteins absorb these precursor chemicals from the blood supply
· Quicker 
· Synaptic vesicles are stored in three ways:
· Collected in storage granules
· Attached to the microfilaments in the terminal button
· Attached to the presynaptic membrane; replaced quickly by other vesicles after release

Step 2 – Neurotransmitter Release:
· Action potential triggers the release of a neurotransmitter from a presynaptic membrane rich in voltage sensitive calcium channels (surrounding extracellular fluid is rich in Ca+ ions; check out figure 5.4 Pg 115)
· Incoming calcium ions bind to the chemical calmodulin that participates in 2 chemical reactions:
· Releases vesicles bound to the presynaptic membrane through exocytosis
· Releases vesicles bound to filaments in the axon terminal – replace the vesicles that were formally bound to the presynaptic membrane

Step 3 – Activation of Receptor Sites:
· Neurotransmitters bind to specialized, transmitter-activated protein molecules, known as receptors which determine whether the neurotransmitter:
· Depolarizes the postsynaptic membrane and so has an excitatory action
· Hyperpolarizes the postsynaptic membrane and so has an inhibitory action
· Initiates other chemical reaction sequences that can modulate either the excitatory or inhibitory effect or influence other functions of the postsynaptic neuron
· Creates new synapses
· Brings about other changes in the cell
· Autoreceptors are also interacted with by neurotransmitters 
· Found on the presynaptic membrane 
· Receive messages from own axon terminal  influence cell from which it was released
· The amount of neurotransmitter released from the presynaptic membrane in response to a single action potential depends on:
· The amount of calcium that enters the axon terminal in response to the action potential
· The number of vesicles docked at the cell membrane and waiting to be released 
· Synapses that are put to frequent use develop more calcium channels and synaptic vesicles  one way in which a synapse corresponds to behavioural experience

Step 4 – Neurotransmitter Deactivation:
· After a neurotransmitter has done its work, it is removed quickly from receptor sites and synaptic cleft to make way for other messages sent by the presynaptic neuron
· Deactivation of a neurotransmitter takes place in at least four ways
· Diffuse away from the synapse
· Be degraded by enzymes in the synaptic cleft
· Be brought back up into the axon terminal in a process called reuptake
· Be taken up by neighbouring glial cells
· Chemical mechanisms enable the axon to regulate the amount of neurotransmitter in its terminal
· Not put to frequent use, enzymes will break excess transmitter down
· Very active, amount of transmitter increases 

Types of Synapses:
· Nervous system features many different kinds of synapses in regard to location, structure and function


Synaptic Variations:
· Versatile chemical delivery system
· Axodendritic synapse, axomuscular synapse, axosomatic synapse, axoaxonic synapse, axosecretory synapse, dendodendritic and axoysynaptic synapse, are all examples

Excitatory and Inhibitory Messages:
· Convey two types of messages: excitatory or inhibitory 
· Decrease or increase the probability that the cell with which it comes into contact with will produce an action potential
· Can further be divided into categories, Type 1 (excitatory) and Type II (inhibitory) synapses, that differ in location and appearance
· Figure 5.7 Pg 117 – Excitatory and Inhibitory Synapses
· Excitatory synapses are 
· Typically located on the shafts or spines of dendrites 
· Round synaptic vesicles
· Material making up pre & postsynaptic membranes is denser
· Wider
· Larger active zone      ….Smile 
· Inhibitory synapses are 
· Typically located on the cell body 
· Flat synaptic vesicles
· Material making up pre & postsynaptic membranes is less dense
· Thinner
· Smaller Active zone
· The neuron is divided into two zones: excitatory dendritic tree and an inhibitory cell body
· Suggests that excitation comes in over the dendrites and spreads to the axon hillock where it may trigger an action potential 
· If the message is inhibited, the most efficient place to inhibit is close to the axon hillock, the origin of the action potential

Varieties of Neurotransmitters:
· Functional aspects of the large number of neurotransmitters interrelate and are intricate with no simple one-to-one relation between a single transmitter and a single behaviour 

Identifying Neurotransmitters:
· 4 criteria to identifying neurotransmitters:
· 1. The chemical must be synthesized in the neuron or otherwise be present in it
· 2. When the neuron is active, the chemical must be released and produce a response in some target cell 
· 3. The same response (receptor action) must be obtained when the chemical is experimentally placed on the target
· 4. A mechanism must exist for deactivating or removing the chemical from its site of action after its work is done
· Since thousands of synapses are packed around every neuron making it difficult to meet all 4 criteria, there are a lot of transmitters known as, putative transmitters, that only have partially met the criteria
· Ex. Acetylcholine was identified initially as a neurotransmitter involved in motor-neuron axons
· Further, a Renshaw loop was understood to be a feedback circuit as there is an interneuron that synapses back on the motor neuron’s cell body to inhibit it from rapid firing  this inhibitory neurotransmitter is known as glycine



Classifying Neurotransmitters:
· Neurotransmitter is a term that is used quite broadly:
· Carry a message from one neuron to another
· Induce effects such as changing the structure of a synapse
· Deliver a message from presynaptic side to postsynaptic side but also in the opposite direction
· Different neurotransmitters can coexist in the same synapse and different synapses on the same cell can house different neurotransmitters
· Some neurotransmitters are gases (very different from the classic neurotransmitter such as acetylcholine)    … Smile 
· 3 groups to classify them:
· 1. Small-molecule transmitters
· 2. Neuropeptides
· 3. Transmitter gases

Small-Molecule Transmitters:
· Small-molecule transmitters are small organic molecules that can be quickly replaced at the presynaptic membrane
· Derived from the food we eat and therefore their levels and activities in the body can be influenced by diet; important in the design of drugs that affect the nervous system
· Ex. Amines such as: dopamine, norepinephrine, epinephrine, serotonin
· Ach
· Choline: product of fats
· Acetate: acidic foods, such as apples or vinegar
· Also includes amino acids such as: glutamate, gamma-aminobutyric acid, glycine & histamine

Peptide Transmitters:
· Short chains of amino acids that have more than 50 known peptide transmitters, known as neuropeptides
· Produced in the axon terminal in some neurons, most are assembled on the cell’s ribosomes, packaged inside a membrane by Golgi bodies and transported on the microtubule highway to the axon terminals
· Entire process of synthesis and transport is relatively slow compared with that of small-molecule transmitters  not replaced quickly
· Peptides have an enormous range of functions in the nervous system as might be expected from the large number found there
· Hormones, active responses to stress, encourage a mother to bond with her infant, facilitate learning, regulate eating and drinking and pleasure & pain
· With regard to pleasure & pain, opium and other related chemicals mimic the effects of: Met-enkephalin; Leu- enkephalin; Beta-endorphin
· A part of the amino acid chain is structurally similar in all three of these peptide transmitters  opium mimics this part of the chain
· These peptides are related to pain management, but also have a number of other functions

Transmitter Gases:
· Nitric Oxide; Carbon Monoxide
· Neither stored in synaptic vesicles nor released from them
· Synthesized as needed
· NO is produced in many regions of a neuron, including the dendrites 
· Serves as a messenger in many parts of the body
· Controls the muscles in intestinal walls
· Dilates blood vessels in brain regions that are in active use (allowing these regions to receive more blood)
· Dilates blood in genital organs therefore allowing males to producing a penile erection
· On synthesis, each gas diffuses away from the site where it was made, easily crossing the cell membrane and immediately becoming active

Receptors for Direct and Indirect Effects:
· There are a variety of different kind of receptors that can be classified in at least two ways: 
· One class works directly on the postsynaptic membrane 
· One class changes it directly

Ionotropic Receptors for Direct Effects:
· Ionotropic receptors has two parts:
· A binding site for a neurotransmitter and a pore or channel through the membrane
· When a neurotransmitter attaches to the binding site, the receptor changes its shape, either opening the pore and allowing ions to flow through it or closing it and blocking the ion flow
· Because the binding or the transmitter is followed by a very quick response, ionotropic receptors bring about very rapid changes in membrane voltage
· Structurally, Ionotropic receptors are similar to voltage-sensitive channels
· Composed of a number of membrane spanning subunits that form “petals” around the channel’s central pore
· Within the pore is a shape changing segment that causes the pore to open or close, regulating the flow of ions through it

Metabotropic Receptors for Indirect Effects:
· Metabotropic receptors has an internal part of the receptor with one family of proteins known as guanyl-nucleotide-binding proteins (G proteins) 
· A G protein consists of three subunits
· Alpha subunit detaches from the other 2 units when a neurotransmitter attaches to the cell
· When a neurotransmitter binds to a metabotropic receptor, it either opens nearby ion channels or sends a message to change the cell’s metabolic activity (Check out Figure 5.15 pg 124) 
· If the alpha subunit binds to a nearby ion channel in the membrane, the structure of the channel changes, modifying the flow of ions through it
· If the channel is already open, the alpha subunit may close it or, if already closed, the alpha subunit may open it
· This change in the channel and the flow of ions across the membrane influences the membrane’s electrical potential
· The second effect of binding a neurotransmitter to a metabotropic receptor has to do with a chemical messenger called a second messenger which acts in the following ways:
· It binds to a membrane channel, causing the channel to change its structure and thus alter ion flow through the membrane 
· It initiates a reaction that causes protein molecules within the cell to become incorporated into the cell membrane, as a result forming new ion channels
· Sends a message to the cell’s DNA instructing the production of a new protein

Excitatory and Inhibitory Receptor Effects:
· No one neurotransmitter is associated with a single kind of receptor or a single kind of influence on the postsynaptic cell
· At one location, a particular transmitter may bind to an ionotropic receptor and have an excitatory effect but the opposite at another
· Ex. ACh has an excitatory effect on skeletal muscles (ionotropic receptors), but an inhibitory effect on the heart (metabotropic receptors)
· In addition, each transmitter may bind to a number of different kinds of ionotropic or metabotropic receptors

Neurotransmitter Systems and Behaviour:
· The naming of neurons by their chemical neurotransmitters tells us something about the behaviours that they influence
· First, it was believed that the nervous system could be divided into systems on the basis of neurotransmitter type since it was thought that specific transmitters form systems with a common function
· Now it is also understood that different transmitters may coexist in the same terminal or synapse
· More than one transmitter may even be packaged within a single vesicle
· All of these variations result in a bewildering number of combinations of neurotransmitters and their receptors, which cautions the simple assumption of cause-and-effect relation between a neurotransmitter and a behaviour
· Simplified by concentrating on the dominant transmitter within any given axon terminal 
· This dominant transmitter can be related to a function or behaviour 

Neurotransmission in the Peripheral Nervous System:
· Motor neurons are cholinergic: acetylcholine is their main neurotransmitter
· Motor neurons in the brain and spinal cord send their axons to the body’s skeletal muscles; without these, movement would be impossible
· Cholinergic neurons are excitatory and produce muscle contractions at a skeletal level
· Other neurotransmitters found with ACh at skeletal muscles include calcitonin-gene-related peptide (CGRP), a neuropeptide that acts through second messengers to increase the force with which a muscle contracts
· The complementary divisions of the autonomic nervous system, sympathetic and parasympathetic, regulate the body’s internal environment 
· Both ANS divisions are controlled by cholinergic neurons that emanate from the CNS at 2 levels of the spinal chord
· Whether ACh synapses or norepinephrine synapses are excitatory or inhibitory on a particular body organ depends on that organ’s receptors 
· Activity of neurotransmitters, excitatory in one location and inhibitory in another, allows the sympathetic and parasympathetic divisions to form a complementary autonomic regulating system that maintains the body’s internal environment under differing circumstances

Neurotransmission in the CNS:
· Some CNS neurotransmitters take part in specific behaviours
· Examples:
· Endorphins  opioid neuropeptides related to pain & pleasure
· Neuropeptide hormones such as oxytocin (mother child bonding) serve specific hormonal functions in humans  growth, stress
· Small-molecule transmitters regulate more general, routine and continuously occurring vegetative behaviours, such as GABA and glutamate regulating neural excitability 
· There are 4 neural activating systems for each of the four small-molecule transmitters:
· ACh (Cholinergic)
· Dopamine (Dopaminergic)
· Norepinephrine (Noradrenergic)
· Serotonin (Serotonergic)
· The cell bodies of each system’s neurons are located in a restricted region of the brainstem and their axons are distributed widely throughout the brain
· Figure 5.17 pg 128 maps the location of each system’s nuclei
· The activating systems are similarly organized in that the cell bodies of their neurons are clustered together in only a few nuclei in the brainstem, whereas the axons are widely distributed in the forebrain, brainstem and spinal cord
· It is difficult to make direct correlations between a disease and an activating system because these system’s axons connect to all parts of the brainstem

· Cholinergic System:
· Plays a role in normal waking behaviour and is thought to function in memory as it is seen to play a role in Alzheimer’s disease
· Treatments to this disease look into developing drugs to stimulate the cholinergic system or maintaining a proper diet to give the products to synthesize ACh
· Alzheimer patients also show extensive damage to the neocortex and other brain areas that include a loss of neurons and aggregates of abnormal tissue called plaques
· The cause-effect relationship of damage to cholinergic neurons and damage to other brain areas is not yet known for Alzheimer’s: could also easily just be a symptom of the disease

· Dopaminergic System:
· Two dopaminergic pathways project from the brainstem:
· Nigrostriatial from the substantia nigra
· Mesolimiic pathway from the midbrain nuclei
· Nigrostriatial DA pathway takes part in coordinating movement  when lost from the substantia nigra, extreme rigidity occurs (as in Parkinson’s disease)
· Parkinson’s disease highly related to lack of dopamine 
· Dopamine in the mesolimbic pathway is the transmitter that is mostly affected by addictive drugs 
· Also, excessive DA is related to schizophrenia

· Noradrenergic System:
· Norepinephrine (noradrenaline) may play a role in learning by stimulating neurons to change their structure & also may facilitate normal development of the brain and play a role in organizing movements
· Activity of this related to major depression and mania 

· Serotonergic System:
· Plays a role in wakefulness, learning (related to depression; similar to noradrenergic system)
· Schizophrenia & obsessive compulsive disorder may also be related to increases in serotonin activity

Hooray, you’re done! 
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