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Communication In the Nervous System 
· The nervous system is living tissue 
· The cells in the nervous system fall into two categories: 
· Glia (Greek for Glue)
· Are cells found throughout the nervous system that provide various types of support for neurons 
· Tend to be smaller, but outnumber neurons 10-1 
· Account for 50% of the brains volume 
· Supply nourishment to neurons, and remove waste.

· Neurons  
· Are individual cells in the nervous system that receive, integrate, and transmit information  
· The basic links that permit communication within the nervous system
· Vast majority of neurons communicate with only other neurons 
· Although a small portion communicate outside the nervous system; from sensory organs or communicate with muscle that move the body. 
· Summary; information is received at the dendrites, is passed through the soma and along the axon, and is transmitted to the dendrites of other cells at meeting points called synapses
· The Soma, or cell body (soma = Greek for “body”)
· Contains the cell nucleus and much of the chemical machinery common to most cells
· The rest of the neuron is devoted solely to processing information
· Dendritic trees (dendrite is Greek for “tree”)
· Parts of the neuron specialized to receive information 
· Most neurons have many –sometimes thousands- of dendrite tress  
· The Axon
· Is a long, thin fiber that transmits signals away from the soma to other neurons or to muscles or glands 
· Axons can be sometimes over a meter long, branching off to other cells 
· The Myelin Sheath 
· Is insulating material, derived from glial cells, that encases some axons
· Speeds of transmission of signals along axons 
· The deterioration of the sheath can lead to the slowing of transmission, causing the muscle control disease multiple sclerosis 
· Terminal Buttons 
· Clusters which are at the end of Axons 
· Are small knobs that secrete chemicals called Neurotransmitters 
· Serve as messengers that may activate neighboring neurons 
· Synapses (from the Greek word junction) 
· Is a junction where information is transmitted from one neuron to another neuron
· Alan Hodgkin and Andrew Huxley; experiments from axons removed from a squid (squids/mollusks have axons 100x larger than human axons)
· Resting potential of a neuron
· Its stable, negative charge when the cell is inactive 
· Action potential
· Is a very brief shift in a neuron’s electrical charge that travels along an axon
· Absolute refractory period
· Is the minimum length of time after an action potential during which another action potential cannot begin 

The Neural Impulse

· Inside and outside the axon are fluids containing electrically charged atoms and molecules called ions. Positively charged sodium and potassium ions and negatively charged chloride are the principle molecules involved in the nerve impulse.

· When a neuron is not conducting an impulse, it is in a resting state. When the neuron is stimulated, sodium gates in the cell membrane open allowing positive ions to run into the axon causing an upward spike on the oscilloscope screen, which measures variations in an electrical quantity, are displayed as waves on the screen.  This spike causes potassium gates to open, and potassium ions flow out. 

· When the two charges happen simultaneously, both potassium ions and sodium ions are leaving and entering the body at the same time. And it moves the action potential along the axon.

· After firing an action potential: the brief change in the neurons electrical charge, the sodium gates must close for about 1 to 2 milliseconds. This is called the absolute refractory period. 

· “All or none law”: If the neuron receives a stimulus of sufficient power, it fires, if it receives a weak stimulus it doesn’t. 

· Stimulus strength:  Ex: light pressure on the skin will produce a lower volley of neural impulses and creates a weaker stimulus; more pressure makes the stimulus strength greater. 

Synaptic transmissions  

· The neural impulse is the signal from neurons to other cells. This transmission takes place at junctions called synapses where terminal buttons release chemical messengers. 

· Two neurons are separated by a gap called the synaptic cleft. Signals must cross this gap to communicate. The neuron that sends the signal is called the presynaptic neuron, and the neuron that receives the signal is called postsynaptic neuron. 

· Inside the terminal of the presynaptic cells are called synaptic vessels. These small sacs contain chemicals called neurotransmitters. The neurotransmitters are released when an action potential occurs. It then fuses with the presynaptic neuron and releases the neurotransmitters’ content into the cleft.  Neurotransmitters can only bind with receptor sites that its molecular structure fits with. When a neurotransmitter connects it creates a voltage called postsynaptic potential. After this is completed, most neurotransmitters return to the cleft and are recycled. 

· Postsynaptic potentials do not follow the “all or none law”. Instead they vary in size and can increase or decrease the probability of a neural impulse in postsynaptic cell.

· Excitatory postsynaptic potential brings the postsynaptic cell closer to threshold, increasing the likelihood of firing an action potential, an inhibitory postsynaptic potential brings it further away, thus decreasing the chance of an action potential.  The triggering of action potentials depends on the integration of many signals arriving at many synapses. 

· When postsynaptic potentials happen often, it’s due to many signals pilling up at one receptor site, or due to signals from many neurons getting to different receptor sites at the same time. 

· Acetylcholine: running, typing jumping skating etc. all depends on the release of acetylcholine. It is between motor neurons and voluntary muscles. 

· Serotonin: the regulation of sleep and wakefulness. 

· Dopamine: the stimulant effects of cocaine rely on its interference with dopamine synapses.

· Norepinephrine: low activity at these synapses as well as abnormal functioning at serotonin synapses with cause depression and other mood irregularities.   

· GABA:  the effects of alcohol depend on how it causes irregularities at synapses by releasing GABA (neurotransmitter).

Looking Inside the Brain: Research Methods 
EEG: monitors electrical activity over time by recording electrodes attached to the scalp. These produce brain waves. EEG’s can determine brain damage and neurological disorders (epilepsy) Types of brain waves:

Beta: small waves, associated with general thought and problem solving
Alpha: slightly larger waves, associated with sleeping, meditation, and when the mind is blank
Theta: appear during light sleep 
Delta: high amplitude waves seen during deep dreamless sleep

Lesioning: inserting an electrode into a brain structure and passing high frequency electric currents to disable the structure. When done on rats, it has been discovered how to make a rat uninterested in food and completely interested in food, leading to obesity. 

Electrical stimulation: sending a weak electric current into a brain structure to activate it. Understanding brain functions such as the areas of the brain that lead to emotional responses was discovered through this technique. 

CT Scan: a computer enhanced x ray of brain structure (putting the head in the large cylinder). An x ray beam and x ray detector rotate around the patient’s head to take x rays of the brain from different angles. It creates images of horizontal slices of the brain to detect tumours and other brain deficiencies. 
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PET Scan: maps activity in the brain over time.  Radioactively tagged chemicals are released into the brain, to measure blood flow through x rays. It can be seen on an x ray the areas of the brain that are active when completing different activities, such as clenching fists, singing, or doing a math problem. They can be used to study the activity of specific neurotransmitters. 

MRI Scans: Use magnetic fields, radio waves and computer enhancement to map out brain structure and brain function with better vivid images than a CT scan. Can be used for behavioural research.  Ex: the connection between schizophrenia and large ventricles in the brain. 

The Brain and Behavior 
· Hindbrain
· Includes the cerebellum and two structures found in the lower part of the brain stem: the medulla and pons
· Medulla
· Attaches to the spinal cord
· In charge of largely unconscious, but vital functions
· Circulating blood, breathing, maintaining muscle tone, and regulating reflexes (sneezing, coughing, salivating) 
· Pons (Greek = bridge) 
· A bridge of fibers that connects the brainstem with the cerebellum 
· Includes several clusters of cell bodies involved with sleep and arousal 
· Cerebellum (Greek = little brain)
· Relatively large and deeply folded structure 
· Located adjacent to the back surface of the brainstem
· Critical to the coordination of movement and to the sense of equilibrium, or physical balance 
· Midbrain
· Is the segment of the brainstem that lies between the hindbrain and the forebrain
· Concerned with integrating sensory processes; vision and hearing
· Running through both the hindbrain and midbrain is the reticular formation 
· The central core of the brainstem
· Contributes to the modulation of muscle reflexes, breathing and pain reception 
· Best known for regulation of sleep and arousal 
· Forebrain
· Is the largest and most complex region of the brain, encompassing a variety of structures
· Thalamus
· A structure through which all sensory information (except smell) must pass to get to the cerebral cortex 
· Hypothalamus (under the thalamus, Hypo = under)
· A structure found near the base of the forebrain that is involved in the regulation of basic biological needs
· Controls the autonomic nervous system 
· A vital link between the brain and the endocrine system (a network of hormone producing glands)
· A major role in the regulation of basic biological drives related to survival 
· The four F’s 
· Fighting, fleeing, feeding, and “mating”  
· Limbic system (limbic = edge) 
· A loosely connected network of structures located roughly along the border between the cerebral cortex and deeper subcortical areas 
· Involved in the regulation of emotion, memory, and motivation, and recently linked to positivity towards life
· Cerebrum 
· The largest and most complex part of the human brain
· Responsible for: learning, remembering, thinking and consciousness 
· Cerebral Cortex
· The convoluted outer layer of the cerebrum 
· Cerebral Hemispheres 
· Are the right and left halves of the cerebrum 
· Each hemisphere is divided into four parts called lobes
· Occipital Lobe
· Back of the head
· Where most visual signals are sent and visual processing is begin (called the primary visual cortex)
· Parietal Lobe
· Forward of the occipital lobe  
· Registers the sense of touch (called the primary somatosensory cortex)
· Temporal Lobe (meaning near the temples)
· Lies below the parietal lobe
· Devoted to auditory processing (called the primary auditory cortex)
· Frontal Lobe 
· The largest in the human brain
· Contains the principal areas that control the movement of muscle (called the primary motor cortex)
· The portion to the front of the primary motor cortex called the prefrontal cortex is still somewhat of a mystery (accounts for one-third of the cerebral cortex)
· Corpus Callosum
· The structure that connect the two cerebral hemispheres 

Right/Left Brain: Cerebral Laterality 
· Split-brain surgery 
· The bundle of fibers that connects the cerebral hemispheres (the corpus callosum is cut to reduce the severity of epileptic seizures) 
· Evidence that the left cerebral hemisphere usually processes language led scientists to view it as the dominant hemisphere 
· Studies of split-brain patients revealed that the right and left halves of the brain each have unique talents
· Right – specialized to handle visual-spatial functions
· Perceptual asymmetries 
· Left-right imbalances between the cerebral hemispheres in the speed of visual or auditory processing
· Studies of perceptual asymmetries in normal subjects also showed that the left hemisphere is better equipped at handling verbal processing, whereas the right is more adept at nonverbal processing.

The Endocrine System: Another Way to Communicate 
· The Endocrine System 
· Consists of glands that release hormones into the blood stream
· Hormones
· Help to regulate the control of bodily functions
· Release tends to be pulsatile 
· Being released several times throughout the day, for a short few minutes at a time
· 
· Much of the endocrine system is controlled by the nervous system through the hypothalamus 
· Pituitary Gland
· Releases a great variety of hormones that fan out around the body, stimulating actions in the other endocrine glands 
· “The master gland”
· Oxytocin 
· A hormone released by the pituitary gland, which regulates reproductive behaviors 
 
Heredity and Behavior: Is it all in the Genes?
· Behavioral genetics 
· An interdisciplinary field that studies the influence of genetic factors on behavioral traits 
· Basic Principals of Genetics 
· Chromosomes  
· Are strands of DNA (deoxyribonucleic acid) molecules that carry genetic information
· Every cell in the human contain 46 chromosomes, except the reproductive cells
· These contain 23 chromosomes, combining to produce a 46 chromosomes 
· Zygote 
· A single cell formed by the union of a sperm and an egg
· Genes
· Are DNA segments that serve as the key functional units in hereditary transmission 
· Like chromosomes, genes operate in pairs, one gene coming from each parent 
· Homozygous condition
· The two genes in a specific pair are the same
· Heterozygous condition 
· The two genes in a specific pair are different 
· Dominant Gene
· Is one that is expressed when pair genes are different 
· Recessive Gene 
· Is one that is masked when paired with different genes 
· Genotype
· Refers to a persons genetic makeup
· Phenotype 
· Refers to the ways in which a persons genotype is manifested in observable characteristics   
· Polygenic Traits 
· Characteristics that are influenced by more than one pair of genes 
· Family Studies 
· Researchers assess hereditary influence by examining blood relatives to see how much they resemble one another on a specific trait 
· Twin Studies
· Researchers assess hereditary influence by comparing the resemblance of identical twins and fraternal twins with respect to a trait
· Identical Twins (monozygotic)
· Emerge from one zygote that splits from unknown reasons 
· Fraternal Twins (dizygotic) 
· Result when two eggs are fertilized simultaneously by different sperm cells, forming two separate Zygotes 
· Adoption Studies
· Asses hereditary influence by examining the resemblance between adopted children and both their biological and adoptive parents 
· Genetic Mapping
· Is the process of determining the location and chemical sequence of specific genes on specific chromosomes 
· Epigenetics  
· Is the study of heritable changes in gene expression that do not involve modifications to the DNA sequence 

The Evolutionary Bases of Behavior
· Darwin’s Insights 
· Fitness   
· Refers to the reproductive success (number of descendants) of an individual organism relative to the average reproductive success in the population
· Natural Selection
· Posits that heritable characteristics that provide a survival or reproductive advantage are more likely than alternative characteristics to be passed on to subsequent generations and thus come to be “selected” over time 
· Contemporary Theory 
· Mutation 
· Is a spontaneous, heritable change in a piece of DNA that occurs in an individual organism
· Adaptation 
· In an inherited characteristic that increased in a population (through natural selection) because it helped solve a problem of survival or reproduction during the time it emerged 
· Inclusive Fitness 
· Is the sum of an individual’s own reproductive success plus the effects the organism has on the reproductive success of related others

 




