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· phrenology: theory that claimed bumps on skull could reveal mental abilities and personality
· did not last, due to modern science
· however it did state that each area of the brain was responsible for something unique
· biological psychology: a branch of psychology concerned with links between biology and behavior

Neural Communication
· information systems of humans and animals are relatively similar (e.g. human brain tissue very similar to monkey)

Neurons
· neuron: a nerve cell; the basic building block of the nervous system
· sensory neuron: neuron that carries incoming information from the sensory receptors to the brain and spinal cord
· afferent
· few million in the body
· motor neuron: neuron that carries outgoing information from the brain and spinal cord to the muscles and glands
· efferent
· few million in the body
· interneuron: neuron within the brain and spinal cord that communicates internally and intervenes between the sensory inputs and motor outputs
· few billion in the body
· dendrite: the bushy, branching extensions of a neuron that receive messages and conduct impulses toward the cell body
· axon: the extension of a neuron, ending in branching terminal fibers, through which messages pass to other neurons or to muscles or glands
· myelin sheath: a layer of fatty tissue segmentally encasing the fibers of many neurons; enables vastly greater transmission speed of neural impulses as the impulse hops from one node to the next
· laid down until age 25; neural efficiency/judgment/control grows until this age
· multiple sclerosis occurs when myelin sheath degenerates; slower communication with muscles and eventual loss of muscle control
· action potential: a neural impulse; a brief electrical charge that travels down an axon
· “all-or-none response”: action potential has same magnitude, regardless of stimulus
1. Stimulus causes brief change in electric charge; if threshold is reached, depolarization occurs, leading to initial action potential
2. Sodium gates open and sodium rushes in; pump is constant pumping them back out
3. Action potential continues down axon due to sodium causing depolarizations
· threshold: the level of stimulation required to trigger a neural impulse



How Neurons Communicate
· synapse: the junction between the axon tip of the sending neuron and the dendrite or cell body of the receiving neuron
· synaptic clef: the tiny gap at the junction between two neurons
· neurotransmitter: chemical messenger that crosses the synaptic gap between neurons.  When released by the sending neuron, the neurotransmitters travel across the synapse and bind to receptor sites on the receiving neuron, thereby influencing whether that neuron will generate a neural impulse.
· crosses synapse within 1∙10-4 seconds
· reuptake: a neurotransmitter’s reabsorption by the sending (presynaptic) neuron
· Summary of Neuron Communication:
1. Action potentials travel down axon and reach synapse.
2. Action potential stimulates release of neurotransmitters into synapse.  They bind to receptor sites on postsynaptic neuron, allowing ions to enter postsynaptic neuron and excite or inhibit a new action potential.
3. Presynaptic neuron usually absorbs excess neurotransmitters (reuptake).

How Neurotransmitters Influence Us
· acetylcholine (ACh):
· integral part of every neuromuscular junction
· plays role in learning and memory
· blockage of ACh results in some types of anaesthesia
· the most understood neurotransmitter 
· endorphin (endogenous morphine): natural, opiate-like neurotransmitter linked to pain control and please
· if too much is used, then brain may stop producing natural opiates
· agonist: molecule similar to neurotransmitter; excites
· mimic effects of neurotransmitter (e.g. morphine mimics natural endorphins)
· may block neurotransmitter reuptake
· antagonist: molecule similar to neurotransmitter; inhibits
· occupies receptor site, preventing neurotransmitter from reaching site
· e.g. botulin causes paralysis by blocking ACh release (Botox is a small dose of this)
· e.g. Curare (spider venom) – paralysis by blocking ACh receptors
	Neurotransmitter
	Function/Effected Area
	Examples of Malfunctions

	ACh (Acetylcholine)
	muscle action, learning, memory
	Alzheimer’s: ACh-producing neurons deteriorate

	Dopamine
	influences movement, learning, attention, emotion
	Schizophrenia: excess receptor activity
Parkinson’s: not enough

	Serotonin
	mood, hunger, sleep, arousal
	Depression: not enough; Prozac raises serotonin levels

	Norepinephrine
	alertness, arousal
	undersupply depresses mood

	GABA (gamma-aminobutyric acid)
	major inhibitory neurotransmitter
	Seizures, tremors, insomnia: not enough

	Glutamate
	major excitatory neurotransmitter; involved in memory
	Migraines, seizures: too much (overstimulation of brain)


The Nervous System
The Peripheral Nervous System and The Central Nervous System
· nervous system: the body’s speedy, electrochemical communication network, consisting of all the nerve cells of the peripheral and central nervous systems
· central nervous system (CNS): the brain and spinal cord
· peripheral nervous system (PNS): the sensory and motor neurons that connect the CNS to the rest of the body
· nerves: bundled axons that form neural “cables” connecting the central nervous system with muscles, glands, and sense organs
· somatic nervous system: the division of the peripheral nervous system that controls the body’s skeletal muscles (a.k.a. skeletal nervous system)
· autonomic nervous system: the part of the peripheral nervous system that controls the glands and the muscles of the internal organs (such as the heart); its sympathetic division arouses and its parasympathetic division calms
· sympathetic nervous system: the division of the autonomic nervous system that arouses the body, mobilizing its energy in stressful situations
· arousing: e.g. pupil dilation, heartbeat acceleration, digestion inhibition, release of glucose and (nor)epinephrine, bladder relaxation, ejaculation (male)
· parasympathetic nervous system: the division of the autonomic nervous system that calms the body, conserving its energy
· calming: e.g. pupil contraction, heartbeat slowing, digestion stimulation, gallbladder stimulation, bladder contraction, blood flow to gonads
· reflex: a simple, automatic response to a sensory stimulus, such as a knee-jerk response
· feeling of reaction without thinking comes from communication within neural network involving the spinal cord but not the brain;
· e.g. touch flame → receptor → sensory  → inter (spinal cord) → motor → move hand



The Endocrine System
· endocrine system: the body’s “slow” chemical communication system; a set of glands that secrete hormones into the bloodstream
· e.g. feedback system: brain → pituitary → other glands → hormones → brain
· endocrine messages tend to outlast effects of neural messages
· hormones: chemical messengers that are manufactured by the endocrine glands, travel through the bloodstream, and affect other tissues
· adrenal glands: pair of endocrine glands that sit just above the kidneys and secrete hormones (epinephrine and norepinephrine) that arouse body during times of stress
· pituitary gland: the endocrine system’s most influential gland; under the influence of the hypothalamus, the pituitary regulates growth and controls other endocrine glands
	Gland/Organ
	Function

	Hypothalamus
	Brain region controlling pituitary gland

	Pituitary gland
	Secretes many different hormones, some of which affect other glands

	Thyroid gland
	Affects metabolism and many other things

	Parathyroids
	Help regulate level of calcium in blood

	Adrenal glands
	Inner part helps trigger “fight-or-flight”

	Pancreas
	Regulates level of blood sugar

	Testis
	Secretes male sex hormones

	Ovaries
	Secretes female sex hormones



The Brain
The Tools of Discovery: Having Our Head Examined
· lesion: tissue destruction; a brain lesion is a naturally or experimentally caused destruction of brain tissue
· lesions created in brain by doctors (for treatment) or scientists (research)
· today, there are other ways of stimulating/affecting the brain (magnetically, etc)
· electroencephalogram (ECG): an amplified recording of the waves of electrical activity that sweep across the brain’s surface; these waves are measured by electrodes placed on the scalp
· positron emission tomography (PET) scan: a visual display of brain activity that detects where a radioactive form of glucose goes while the brain performs a given task
· magnetic resonance imaging (MRI): a technique that uses magnetic fields and radio waves to produce computer-generated images of soft tissue; MRI scans show brain anatomy
· brain molecule atoms aligned by magnetic field → disrupted → atoms give off signals as they return to normal, which are picked up by the MRI
· fMRI (functional MRI): a technique for revealing blood flow and brain activity by comparing successive MRI scans; fMRI scans show brain function
· sees when an area is working by presence of oxygenated blood flow

Older Brain Structures
· brainstem: the oldest part and central core of the brain, beginning where the spinal cord swells as it enters the skull; responsible for automatic survival functions
· e.g. if brainstem of cat is separated from rest of brain, cat will still live run, climb, and groom itself, but it won’t run for the purpose of finding food
· medulla: base of brainstem (“swollen” part of brainstem); controls heartbeat and breathing
· reticular formation: nerve network inside brainstem; helps control arousal
· thalamus:
· structure: pair of egg-shaped structures that sits on top if brainstem
· function: brain’s sensory switchboard; directs messages to sensory receiving areas in cortex and transmits replies to cerebellum and medulla
· cerebellum:
· structure: two wrinkled halves; baseball-size; looks like a little brain; sites at rear of brainstem
· function: processing sensory input and co-ordinating movement output; balance; enables one type of nonverbal learning and memory
· limbic system: neural system (includes hippocampus, amygdala, and hypothalamus), located below cerebral hemispheres; associated with emotions and drives
· amygdala: two lima bean-sized neural clusters in limbic system; linked to emotion
· monkey’s amygdala was removed; went from angry to docile
· hypothalamus:
· structure: just below thalamus
· function: nerve clusters influence hunger, thirst, body temperature, sexual behaviour; monitors blood chemistry and takes orders from other parts of brain; directs several maintenance activities; helps govern endocrine system via pituitary gland; linked to emotion and reward
· experiments have been done where electrodes placed on areas of limbic system of animals; based on stimulation of pleasure centres, animals can be guided (e.g. through a maze)
· glial cells (glia): cells in nervous system that support/nourish/protect neurons

The Cerebral Cortex
· cerebral cortex: intricate fabric of interconnected neural cells covering cerebral hemispheres; the body’s ultimate control and information-processing center
· the complexity of the cortex distinguishes between humans and other animals
· cortex is divided into four lobes…
· frontal lobes:
· structure: just behind the forehead
· function: involved in speaking and muscle movements; making plans and judgments
· parietal lobes:
· structure: top-back of the head
· function: receives sensory input for touch and body position
· occipital lobe:
· structure: back of the head
· function: includes areas that receive information from the visual fields (visual cortex)
· temporal lobes:
· structure: sits roughly above the ears (underneath frontal/parietal lobes)
· function: includes the auditory areas (auditory complex); each receiving information primarily from the opposite ear
· motor cortex: an area at the rear of the frontal lobes that controls voluntary movements
· does not contain sensory receptors, so wide-awake procedures possible
· areas requiring precise control (e.g. fingers, mouth) take up most cortical space
· experiments where electrodes placed on monkey’s motor cortex – hooked up to a mechanical arm; monkey able to move arm with his mind; opens up huge area/field of neural prosthetics
· sensory cortex: area at the front of the parietal lobes that registers and processes body touch and movement sensations
· e.g. stimulating a certain part of sensory cortex might make your shoulder itch
· association areas:
· structure: found in all four lobes; 75% of brain matter; 
· function: not involved in primary motor or sensory functions; interpret, integrate, and act on information from sensory areas; involved in higher mental functions (learning, remembering, thinking, speaking)
· damage to these areas could cause unaccounted-for changes in personality/reasoning (e.g. Phineas Gage, a man in 1800’s who survived a bullet in the head, but had a different personality afterward)
· plasticity: the brain’s ability to change, especially during childhood, by reorganizing after damage or by building new pathways based on experience
· allows people to survive hemispherectomies, because brain functions moved over to the remaining hemisphere
· allows people to regain skill/ability after brain damage
· good for people blind/deaf people; they are able to improve other senses by “spreading them” over larger areas of the brain
· cause of phantom pain in amputees: sensory fibres in adjacent areas invade brain area previously “occupied” by the limb 
· neurogenesis: the formation of new neurons

Our Divided Brain
· corpus callosum: the large band of neural fibres (axons) connecting the two brain hemisphere and carrying messages between them
· split brain: a condition resulting from surgery that isolates the brain’s two hemispheres by cutting the fibres (mainly of corpus callosum) connecting them
· HEART split brain experiment: 
· normally: left half of visual field goes to right hemisphere; right half of visual field goes to left hemisphere (the language side); information travels from side-to-side via corpus callosum
· split brain person showed HE on left side of page and ART on right side
· he thinks it says ART, because his language hemisphere (left) only gets information from right side of his field of vision
· when pointing to the word with left hand (controlled by right side of brain), he points to HE; right hemisphere intuitively knew what it could not verbally communicate
· in split brain people, if only right hemisphere is given instruction (e.g. start walking), left hemisphere will make up a story to rationalize the action even though it doesn’t actually know (e.g. I’m walking because I want to go get a drink of water)


Right-Left Differences in the Intact Brain
· left hemisphere:
· controls right arm, leg, etc.
· rational
· decision-making
· language (also for a deaf person’s sign language)
· figurative interpretation
· association (e.g. given word “foot”, associate with “heel”)
· right hemisphere: (tends to be slightly larger than left hemisphere)
· controls left arm, leg, etc.
· logical; also helps modulate speech for logically flow
· simple requests
· quick intuitive responses
· perceiving objects and emotions
· quick inferences
· association (e.g. given “foot, “cry”, and “glass”, determine commonality “cut”)
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