Chapter Two Notes

2.1 – The Concept of the Synapse
- Properties of Synapses
· Synapse: a specialized gap as a point of communication between two neurons
· Reflex Arc: circuit from sensory neuron to muscle response
· Sensory neurons (afferent, dorsal), motor neurons (efferent, ventral)
· Ex. Sherrington’s Dog
· Harnessed a dog above the ground and pinched one foot
· The dog raised/flexed the pinched leg, and extended the others
· Spinal cord controlled the flexion and extension reflexes
- Speed of Reflexes and Delayed Transmission
· Reflexes are slower than conduction along an axon 
· Conduction through a reflex arc is never more than 15m/s
· The delay occurs where one neuron communicates with another (synapse) 
· The greater the number of synapses between neurons, the slower the conduction velocity 
- Temporal Summation 
· A cumulative effect of repeated stimuli within a short period of time
· Some stimuli are unable to reach the threshold of excitation for the next neuron
· Presynaptic neuron: delivers transmission
· Postsynaptic neuron: receives transmission (duh!)
· Subthreshold excitation stimuli can combine with a second excitation that quickly follows it, adding their effects until the threshold is exceeded and an action potential is produced 
· Excitatory postsynaptic potential (EPSP) is a graded depolarization 
- Spatial Summation
· Combination of effects of activity from two or more synapses onto a single neuron (summation over space)
· Ex. Pinching the dog at two different spots at once
· Each pinch on their own did not elicit a response, but together a reflex occurs 
· Axons converged onto one neuron in the spinal cord 
· This is critical for brain functioning 
· Many incoming sensory neurons can produce synchronized responses 
· Both types of summation usually occur together
· However, the order of the series of active axons can have different results from the same axons activating in a different order 
- Inhibitory Synapses 
· Sherrington’s Dog:
· A pinch on the foot sends sensory information to an interneuron to excite motor neurons of certain muscles, and inhibit neurons of other, antagonistic muscles 
· At inhibitory synapses, the axon hyperpolarizes the postsynaptic cells, moving it further from the threshold, decreasing the probability of an action potential 
· These are inhibitory postsynaptic potentials (IPSP)
- EPSP, IPSP, and Action Potentials 
· The nervous system has complex patterns of connections to produce varied responses
· Spontaneous firing rate: a periodic production of action potentials even without synaptic input 
· EPSPs increase the frequency above the spontaneous rate, and IPSPs decrease it 

2.2 – Chemical Events at the Synapse 
- Discovery of Chemical Transmission
· Administration of the hormone adrenaline can produce the same effects as the sympathetic nervous system can 
· Loewi Experiment:
· Repeatedly simulated a frogs’s vagus nerve, collected fluids from the heart, and transferred it to a second heart 
· Found the same effects occurred in both hearts (decreased beating)
· Repeated the same thing with the accelerator nerve 
· He was collecting and transferring chemicals – therefore concluded that nerves send messages by releasing chemicals, not electricity 
· This discovery encouraged research for developing drugs
- The Sequence of Chemical Events
· Neurons synthesize chemical neurotransmitters (NT) (small ones at the axon terminals, and neuropeptides in the cell body) 
· Action potentials travel down axon, enabling Ca to enter cell at presynaptic terminal
· Ca releases NT from terminals into synaptic cleft, where they diffuse across and attach to receptors on postsynaptic neuron (altering activity there) 
· NT separate from receptors, and are either taken back into presynaptic neuron, or diffuse away 
- Types of Neurotransmitters 
· Amino acids – acids containing amine groups (glutamate, GABA, glycine, etc.)
· Monoamines – formed by a change in certain amino acids (dopamine, catecholamines, etc.)
· Acetylcholine – includes an N(CH3)3 group instead of an amine 
· Neuropeptides – chains of amino acids (endorphins)
· Purines – ATP, adenosine
· Gases – Nitric oxide (increased blood flow to active areas of the brain by dilating blood vessels)
- Synthesis of Transmitters
· Most are derived from amino acids
· Choline -> acetylcholine
· Phenylalanine -> tyrosine -> catecholamines 
· Tryptophan -> serotonin 
· Phenylalanine and tryptophan share the same transport system and often compete with one another 
· L-dopa increases supply of dopamine (treatment for Parkinson’s)
· AMPT blocks production of dopamine 
- Storage of Transmitters 
· NT are synthesized in the presynaptic terminal, and stores them in vesicles
· When a neuron accumulates excess levels of a neurotransmitter (serotonin, dopamine, epinephrine), an enzyme called monoamine oxidase (MAO) breaks down these transmitters into inactive chemicals 
- Release and Diffusion of Transmitters
· When Ca enters the presynaptic terminal and causes exocytosis of the NT
· NT diffuse across the 20-30nm cleft in about 0.1ms
· Neurons can release a combination of two or more NT at a time, or one first and another slowly later 
· Sometimes neurons release different NT from different branches of its axon
- Activating Postsynaptic Receptors
· The effect of a NT depends on its receptor on the postsynaptic cell
· Ionotropic effect: opening a channel
· Rapid opening of some gate in the membrane to let a particular type of ion through
· These are ligand gated, or transmitter-gated channels (only open when a NT is bound
· These effects begin quickly (visual and auditory information)
· Most excitatory synapses use the NT glutamate, and sometimes acetylcholine 
· Inhibitory synapses use NT GABA or glycine 
· Metabotropic effect: slower and longer effects 
· Initiates a sequence of metabolic reactions 
· Use NT such as catacholamines, and serotonin
· Sometimes GABA and glutamate 
· These receptors act through G-protein coupled receptors, which increases the concentration of a second messenger (ex. cAMP)
· Second messenger communicated with many areas of the cell
· Used for enduring effects, such as taste, smell, pain
- Neuropeptides (NP)
· Synthesize in the cell body and transported to other parts of the cell
· Released mainly by dendrites, or cell body
· Requires repeated stimulation for release
· After a few dendrites release a NP, the chemical primes other dendrites to release the same NP
· NP diffuse widely, affecting many neurons
· Effects are typically long lasting, as they alter gene activity, influencing behaviour and experience 
- Receptor Variation
· Receptors different in structure, chemical properties, responses to drugs, roles in behaviour 
· A receptor can have different effects in different people, or in different parts of the brain
- Drugs
· Drugs that resemble NT can bind to it’s receptor
· LSD chemically resembles serotonin 
· Nicotine stimulates acetylcholine receptors, increasing dopamine release
· Opiate drugs (morphine, heroin, methadone) bind to the same receptors as the NP endorphins 
- Inactivation and NT Reuptake
· NT are removed from the cleft and postsynaptic membrane to stop continued excitation or inhibition of the receptors
· Accomplished by inactivation of NT, or NT reuptake
· Acetylcholine is broken down by acetylcholinesterase into acetate and choline
· The choline is reabsorbed into the cell to form acetylcholine again
· Serotonin and catacholamines are taken back up into the cell without any changes
· Reuptake occurs through transporter proteins 
· Any NT not taken up is broken down by COMT enzyme
· Amphetamines and cocaine inhibit transporters for dopamine, prolonging dopamine’s effect 
· These can also block serotonin and norepinephrine transporters 
· COMT breaks down the excess dopamine faster than it can be replaced, causing the individual to enter a withdrawal state 
· [bookmark: _GoBack]Methylphenidate also blocks reuptake of dopamine the same way 
- Negative Feedback from Postsynaptic Cells
· Autoreceptors on the presynaptic neuron respond to the release of NT and inhibit further synthesis and release 
· Some postsynaptic neurons release chemicals back to the presynaptic terminal to inhibit further release of NT
· Ex. NO, anandamide, and 2-AG
· Cannabinoids bind to anandamide or 2-AG receptors on presynaptic neurons, prevent the release of NT before any has actually been released (decreasing both excitatory and inhibitory messages) 
- Electrical Synapses
- Hormones 

Section 2.2 Electrical Synapses and Hormones

Electrical Synapses
· Because electrical transmission is faster than even the fastest chemical transmission, ES have evolved in cases where exact synchrony between 2 cells is important 
· Eg. Those that control rhythmic breathing
· At ES, membrane of one neuron comes in direct contact with membrane of another, this is called gap junction
· Large pores of the membrane of one neuron line up with similar pores in membrane of another cell
· Large enough for Na to pass readily through 
· They are always open
· Therefore, whenever one neuron depolarizes, Na from that cell can pass quickly into other neuron and depolarize it too (so these 2 neurons can act as if they were one)

Hormones
· Hormone: chemical secreted by cells in one part of the body, transported by blood to affect other cells
· Endocrine glands: produce the hormones
· Hormones are useful for producing long-lasting changes in body
· 2 types of hormones:
· Protein: long chains of amino acids
· Peptide: shorter chains
· Both attach to membrane receptors where they activate second messenger within the cell
· Pituitary gland: attached to hypothalamus, has 2 parts:
· Anterior: composed of glandular tissue, synthesizes 6 hormones, hypothalamus controls their release
· Posterior: composed of neural tissue, can be considered extension of hypothalamus
· Neurons in hypothalamus synthesize oxytocin and vasopressin (antidiuretic hormones)   
· Releasing hormones: secreted by hypothalamus, flow through blood to anterior pituitary, stimulate/inhibit other hormones
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