PSYC 100 Chap. 2

- Traditional method: Observing electrical activity of the brain through EEG recordings
> Dalhousie’s John Connolly used EEG on patient experiencing locked-in syndrome (alert patient in an unresponsive body)
>> EEG is devised to stimulate certain stimuli 

A) COMMUNICATION IN THE NERVOUS SYSTEM (PG 86)

- behavior depends on rapid information processing; information travels instantaneously

A)1) NERVOUS TISSUE

Cells in the nervous system falls into 2 categories:
http://www.youtube.com/watch?v=FR4S1BqdFG4
http://www.youtube.com/watch?v=jOkp68kUQvc&feature=related
	Neurons
	Glia (literally glue)

	- individual cells (video shows that neurons aren’t connected to each other)
- receive, integrate, transmit information
	- provides various type of support for neurons
- smaller than neurons
- outnumber by 10:1; 50% of brain’s volume consisting glial cells
- function: 
 > supply nourishment to neurons
> remove neuron’s waste product
> provide insulation around many axons
- orchestrate the development of the nervous system in the human embryo
- may also send and receive chemical signals
-may be implicated in diseases such as amyotrophic lateral sclerosis (ALS) and Parkinson
- important role in memory formation
- gradual deterioration: Alzheimer’s disease
- play a role in the experience of chronic pain, schizophrenia, mood disorders
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a) Soma [cell body]
- contains cell nucleus and much of the chemical machinery common to most cells

b) Dendritic Trees (Branch: Dendrites)
- receive information from many other cells

c) Axon 
- long thin fibre (can be a metre long)
- transmits information away from soma to other neurons, muscles or glands

d) Myelin sheath 
- white, fatty substance
- insulate material, derived from glial cells that encases some axons
- the sheath speeds up the transmission of signals that move along axons
- if deteriorates, signals may not be transmitted effectively
> degeneration of myelin sheaths: causes loss of muscle control and seen with the disease multiple sclerosis 

So, what happened if the derived glial cells encases some axons?

e) Terminal buttons
- small knobs
- secrete chemicals called neurotransmitters
- may activate neighbouring neurons
- points where neurons interconnect are called synapses
- synapses: junction where information is transmitted from one neuron to another

Information Path

1) Receive information through dendrites > Pass through soma > Move away through axon > Back to another the dendrites of other neurons at synapses (the meeting point)


A)2) THE NEURAL IMPULSE: USING ENERGY TO SEND INFORMATION
Experimenters: Alan Hodgkin and Andrew Huxley “dissect” axon from squid because it’s bigger

Neutron at Rest: A Tiny Battery
- Inside and outside neurons : Fluids containing electrically charged atoms and molecules called ion
- Cell membrane:  semipermeable < this permits movement of some ions
- Sodium and potassium ions (+vely charged) and Chloride ions (-vely charged) flow back and forth
- Difference in flow rates leads to slightly higher concentration of negatively charged ions inside the cell
- Therefore at rest, neuron is a tiny battery
- The resting potential of a neuron is its stable, negative charge when the cell is inactive; 70millivolts

The Action Potential (page 88- re-read)
- cell is quiet as long as the voltage of neuron remains constant and no messages are being sent
- when neuron is stimulated, channels in its cell membrane open, allowing positively charged sodium ions to rush in
- action potential: very brief shift in a neuron’s electrical charge (positive to negative or vice-versa) that travels along an axon (like a spark)
- after the firing of an action potential, the cell membrane close up
- some time is needed to open again and until that time, the neuron cannot fire
- the absolute refractory period: a time period where the neuron has to wait for the cell membrane to reopen before being able to fire up again 
- the downtime period : 1 – 2 milliseconds

The All-or-None Law
- either neurons fires or they don’t 
- Action potentials are all the same size; weaker stimuli do not produce smaller action potentials
- strength of a stimulus: determined by the varying rate of firing action potentials
>  the stronger the stimulus, the more rapid the volley of the neural impulses will be
>> thicker axons transmit neural impulses more rapidly than thinner ones do



















A)3) The Synapse: Where Neurons Meet (pg 89)

Sending Signals: Chemicals as Couriers

[image: ]
Synaptical cleft: a microscopical gap between the terminal button of a neuron with the cell membrane of another neuron
> for communication between neurons to occur, the signal has to cross this gap
>> neuron that send: presynaptic neuron
>>> neuron that receives: postsynaptic neuron

Message Path
1) action potential arrives at axon’s terminal button and triggers the release of neurotransmitters (chemical that transmits information from one neuron to another) 
> neurot. Are stored in small sacs known as synaptic vesicles

2) neurotransmitters are released when the vesicle fuses with the membrane of the presynaptic neuron and its content spill into synaptic cleft

3) neurotransmitters will then diffuse to the postsynaptic cell (the membrane of the receiving cell)
> neurot. may bind with special molecules at the receptor sites
>> the sites: specifically tuned to recognize and respond to some neurotransmitters but not to others
>>> so, what happen if the “sites” don’t recognize the neurot?





In general,

Axon (action potential) > neurotransmitters (synaptic vesicles) > fuses with presynaptical neuron (neurot. are released) > synaptical cleft > postsynaptical neuron (may bind with special molecules at receptor sites). 
http://www.youtube.com/watch?v=ifD1YG07fB8&feature=related

Receiving Signals: Postsynaptic Potentials
http://www.youtube.com/watch?v=LT3VKAr4roo
http://www.youtube.com/watch?v=Gt5g4bfrtxs / http://www.youtube.com/watch?v=YP_P6bYvEjE

Postsynaptic Potential (PSP) : occurred when neurot. and receptor molecule combine
> which is a voltage change at receptor site on postsynaptical cell membrane

PSP: do not follow all-or-none law; but it is graded. They vary in size, increase or decrease the probability of a neural impulse in the receiving cell proportion to the amount of voltage change 

Two types of message can be sent from cell to cell: Excitatory or inhibitory 
> Excitatory PSP: +ve voltage shift that increases the likelihood of PSP to fire action potentials
>> Inhibitory PSP: -ve voltage shift that decreases the likelihood of PSP to fire action potentials

Excitatory and Inhibitory PSP: only last for a fraction of seconds, then neurotransmitters drift away from receptor sites or deactivated by enzymes that convert them in an inactive form
> Neurot. become inactive

But,  most are reabsorbed by presynaptical potential through the reuptake process
> Reuptake: neurot. are sponged (absorbed) up from the synaptic cleft by the presynaptic membrane
>> reuptake: allows neurot. to be recycled

Integrating Signals: Neural Networks
- neuron has to integrate signals arriving at many synapses before deciding whether or not to fire neural impulse
- enough excitatory PSPs = electrical currents can add up and fire action potentials
- enough inhibitory PSPs = electrical currents tend to cancel the effect of excitatory PSPs

In general,
The state of neuron is balanced by excitatory and inhibitory influences. 

- Neurons are interlinked in complex chains, pathways, circuits and networks
- Perceptions, thoughts and actions depend on patterns of neural activity in elaborate neural networks
- The networks contain interconnected neurons that fire together or sequentially to perform certain functions

- Links in the networks are fluid- here new synapses will replace old synapses
- Ironically, elimination of old synapses play a larger role in scalpting the neural networks compared to the creation of new synapses
- Reason: nervous system always create new synapses more than needed, thus gradually replace the old synapses
- Synaptic pruning: the process of eliminating less active/old synapses
> key process in the neural networks formation which is important to communication in the nervous system

Donald Hebb: focused his work on the linkage of neurons to form networks
> understanding the brain and its processes  was fundamental to understanding behavior
>> neurons are linked in complex neural networks or cell assemblies (they don’t work alone)
>> Hebbian Learning Rule
>>>> Neurophysiological postulate: one neuron stimulating another neuron repeatedly produce changes in the synapse; learning has taken place. 
* The change failed to be described by Hebb

Neurotransmitters and Behavior

- 9 well-established, classic (small molecule) transmitters
- 40 neuroceptide chemicals that function, at least part-time as neurotransmitters
- a handful recently recognized “novel” neurot. 

- specific neurot. work at specific kinda synapses
> the binding process work like a matching lock and key
>> specific transmitters can only delivers signals only at certain locations on cell membranes
>>> this specialization reduces cross talk between densely packed neurons – nervous system’s communication becomes more precise
 
Types of Neurotransmitters and Behavior 

	Neurotransmitters
	Functions and Characteristics

	Acethylcoline (Ach)
	- transmitter between motor neurons and voluntary muscles 
- contribute to your attention, arousal and memory
- associated with certain memory lossess such as Alzheimer – treatment of Ach through drug treatment can slow down Alzheimer
> by amplifying Ach activity

BUT, Ach (and other neurot.) maybe influenced by other chemicals in the brain

- Synaptic receptor sites are sensitive to specific neurot. but can be fooled (e.g: nicotine “distinguish” and act as Ach)
- Agonist: chemical that mimics the action of a nuerot.
> produce PSPs 
- Antagonist: chemical that opposes the action of a neurot.
> do not produce PSPs

**Not all chemical other than neurot. can successfully become agonist. The failed ones will block the action of “natural transmitter” by occupying the receptor sites causing the muscle to become jammed/paralyzed—caused by an antagonist.


	Monoamines (includes dopamine norepinepherine, serotonin)
	- Consist: Dopamine (DA), serotonin and norepinephrine (NE)
- DA and NE can produce excitatory or inhibitory PSPs depend on the synapses
- regulate many aspects of everyday behavior
- temporary alteration at monoamine synapses account more powerful effect of cocaine and amphetamines.
> Those stimulants create a storm of increased activity at DA and NE synapses
>> accountable for drug craving and addiction

Dopamine(DA)
- control voluntary movement
- abnormal level could develop certain psychological disorder
- degeneration causes Parkinsonism (reduced control over voluntary mvmnt)
- Treatment: by using L-dopa which is converted into Dopamine to compensate the diminished dopamine activity in the brain
- Also, abnormalities (overactivity) at dopamine synapses develops schizophrenia
> irrational thought, hallucination, poor contact with reality, deterioration of routine adaptive behavior
>> therapeutic drugs that attempt to tame schizo. are also Dopamine antagonists

Serotonin
- has a role in wakefulness and sleep and eating behavior
- neural circuits containing serotonin modulates aggressive behavior in human and animal
- abnormalities in this area cause eating disorders and obsessive-compulsive disorders

Norepinephrine (NE)
- low levels of NE and Serotonin activation cause depressive disorders
- both are identified as the major cause for depression as most antidepressant drugs exert main effect at these synapses


	GABA and Glutamate
	- consists of amino acids

Gamma-aminobutyric acid (GABA) and Glycine (-ve team)
- produce only inhibitory PSPs
- GABA is widely distributed in the brain and may present at 40% of all synapses
- GABA is mostly responsible for the inhibition in the central nervous system
> also, responsible for anxiety in humans 
>> disturbances may cause anxiety disorders

Glutamate (+ve team)
- always has excitatory effects
- contribution in learning and memory
- disturbances in glutamate circuits may contribute to schizophrenic disorders


	Endorphins
	- internally produced chemicals that resembles opiates in structures and effects
- endorphins and receptors are widely distributed in the human body
- contribute to the modulation of pain 
- body’s natural endorphins may be able to create similar pleasurable feeling created by opiate drugs like marijuana and heroin
> such that while running, the pain may be neutralized by the feeling of exhilaration (runner’s high)

- endogenous opioids contribute to the modulation of eating behavior and body’s response to stress
- opiate drugs:  like morphine and heroin produce highly pleasurable feeling of euphoria



A)4) ORGANIZATION OF THE NERVOUS SYSTEM
- communication in the nervous system is fundamental to behavior
- organization of the nervous system as a whole
http://www.youtube.com/watch?v=dOYOdJG0E0s&feature=g-high-c

The Peripheral Nervous System
- the part that extend outside the central nervous system (parts other than brain and spinal cord)
- made up of nerves (bundles of neuron fibres (axons) that are routed together in the peripheral nervous system)
- can be divided into 2 systems: somatic nervous system (SNS) and autonomic nervous system (ANS)

1) The Somatic Nervous System [SNS]
- lets you feel the world and move around it
- made up of nerves that connect to voluntary skeletal muscles and to sensory receptors

[HOW INFORMATION FLOW]

Receptors (in the skin, muscles and joints)  >>  CNS >> command from CNS  >>  muscles
                                                                  Afferent Nerve                                  Efferent Nerve

- to allow this, need 2 kind of nerve fibres:
> afferent nerve fibres (axons that carry information inwards from PNS to CNS)
>> efferent nerve fibres (axons that carry information outwards from CNS to PNS)

* Somatic nerves are two-ways streets

2) The Autonomic Nervous System [ANS]
Divided into 2 branches:
a) Sympathetic division
- mobilizes (use) the body’s resources for emergencies
- activates fight-or-flight response
- slows digestive processes
- e.g: drains blood from the periphery; lessening bleeding during an injury

b) Parasympathetic division
- conserves bodily resources
- activates processes that allow body to save and store energy
- e.g: promote digestion, slow heart rate, reduce blood pressure

Also,
- connect to heart, blood vessels, glands and smooth muscles
- completely governed by CNS but it is a separate (autonomous) system
- controls: automatic, involuntary, visceral (emotional) functions that people don’t normally think about
>> heart rate, digestion, perspiration

- mediates physiological arousal that occurs when people experience emotions
> getting goosebumps when watching horror movies
>> difficult-to-control reactions are aspects of autonomic arousal
- Legend: Walter Cannon introduces flight-or-fight theory
> organisms respond to threat by preparing physiologically for fighting or fleeing

- Hans Selye (McGill) – prolonged autonomic arousal could lead to the development of physical disease

The Central Nervous System (CNS)
- consists of brain and spinal cord
- protected by enclosing sheath (meninges); meningitis (inflamed meninges)
- CNS is immersed/soaked in fluid known as cerebrospinal fluid (CSF)
> cerebrospinal fluid: nourishes and protect brain
>> ventricle: hollow cavity (space) that contains cerebrospinal fluid

a) The Spinal Cord
- connects the brain to the rest of the body through the peripheral nervous system
- also enclosed by meninges and soaked with CSF
- runs from the base of the right until right below level waist
- houses bundles of axons that carry brain’s commands to peripheral nerves and relay sensations from the periphery of the body to the brain
>> that’s why damaging spinal cord will cause one to paralyze because it transmits signals from the brain to the motor neurons that move the body’s muscles

b) The Brain
- occupy the upper part of the skull
- weighs 1.5kg and can be held in one hand
- contains billions of interacting cells that integrate information from inside and outside the body
- coordinate body’s action
- enable human being to: talk, think, remember, plan, create and dream

B) LOOKING INSIDE THE BRAIN: RESEARCH METHOD
- mapping the brain is easy : achieved by dissecting donor’s brain
- mapping the brain function is hard: need a still-functioning brain
- Neuroscientist: investigators who conduct research on the brain or other part of nervous system
> brain research often involves neuroscientist from different disciplines; anatomy, phyisio, bio, pharma
- Usual method: electrical recordings, lesioning, electrical stimulation and brain-imaging (observe brain structure and function)

1) Electrical Recordings
- Hodgkin and Huxley can record electrical activity of a single neuron but not simultaneous activity
- the existence of electrical activity in the brain was first discovered in 1857
-but there wasn’t any method to access neurons without opening the skull

- In 1929, German psychiatrist (Hans Berger) invented electroencephalograph (EEG)
- Method for EEG: recording electrodes attached to the surface of the scalp 
- EEG’s ability: sums and amplifies electric potentials occurring in brain cells

- EEG helps to understand human behavior- information processing, sleep, consciousness, operation of the brain
- EEG recordings are translated into line tracings (brain waves)
> Different brain waves are associated with different states of mental activity (remember Paul’s story)

- EEG often used for : clinical diagnosis for brain damage and neurological disorders
- EEG in research: study patterns of brain activity when participants are engaged in a specific behavior or experience specific emotion 
- EEG contribution: understanding brain-behavior relationship 
> e.g: John Connolly used it to access locked-in syndrome

2) Lesioning
- Definition: involves destroying a piece of the brain
Method:
i) Insert an electrode into a brain structure
ii) Pass a high-frequency electric current through the electrode to burn the tissue and disable the structure

- Lesioning requires researchers to get an electrode into a particular place buried deep inside the brain
> Method: i) Use stereotaxic instrument  (device used to implant electrode at a precise location)
                    ii) Appropriate anesthetics are used to minimize pain and discomfort

Major proponent: 
- Brenda Milner (McGill’s PhD student, student of Donald Hebb)
- She studied Wilder Penfield’s patients
- Significance: Pivotal in establishing the role of the medial structures of the temporal lobes in memory and the existence of multiple memory system

The subject:
- Patient named Henry Molaison (H.M.)
- He experienced epilepsy due to a childhood bike injury
- Part of his brain was removed (medial temporal lobe, hippocampus and amygdala)
- Operation succeed but HM experienced Amnesia; anterograde amnesia
- Amnesia: good memory of events that occurred years before but cant form new long-term memories
- BUT did have a normal short-term memory

- Short term-memory: limited-capacity memory store that can maintain unrehearsed information for 20 seconds
Limitations:
- subjects with brain damages aren’t plenty
- variance in the subject’s history creates a host of extraneous variables that difficult the cause-and-effect relationships between brain damages and behavior 
- scientists cant control the severity or area of the brain damage

Way out
- brain-imaging improves the ability to pinpoint (but this still remains inexact science)
- study animal when their parts of brains are purposely disabled

3) Electrical Stimulation of the Brain (ESB)
- sending weak electric current into a brain structure to stimulate it

Method:
- current is sent through an electrode, but the current is different from the one used in lesioning
- does not duplicate the normal signals to the brain but just enough to stimulate it
- if the areas are too deep, stereotaxic is used

- mostly used on animals
- on human in the context of brain surgery required for medical purposes
- whereby skull is opened and the areas are stimulated to map the individual’s brain (human have different map)
- this is so that they wont slice through critical areas

- Significance: advancement in the understanding of many aspects of brain-behavior relationships

Figure: Wilder Penfield
- gifted neurosurgeon and pioneer in neuroscience and the mapping of the function of the brain
- founded mcgill neurological institute and hospital
- surgical treatment of epilepsy  where patient remain conscious and alert
- able to stimulate portion of the brain with mild electrical probe 
- records the patient’s response, memory, sounds
- systematically map out many of the functions of the brain


4) Transcranial Magnetic Stimulation
- allows scientists to temporarily enhance or depress activity in a specific area of the brain

Method: 
- magnetic coil mounted on a small paddle is held over a specific area of a subject’s head
- magnetic field that penetrates to a depth of 2 centimetres 
- by varying the timing and duration of the magnetic pulses, researcher can either increase or decrease excitability of neurons in the local tissues

- virtual leasions: short periods of time using painless, noninvasive method
- benefit: circumvent the host of uncontrolled variables that plague the study of natural lesions in human who have experienced brain damage << the answer for lesion/ESB
- can explore visual-spatial processing, short-term memory, language
Limitation:
- only for area deep within 2cm
- potential for therauperatic treatment

4) Brain-imaging procedures

Computerized Tomography (CT) scan
- computer-enhanced x-ray of brain structure

Method:
- multiple x-rays are shot from many different angles 
- the readings will be combined to create a vivid image of horizontal slice of brain
- the least expensive brain-imaging technique
-Significance: uncovered an interesting association between schizophrenic disturbance and enlargement of the brain’s ventricle < scientists try to uncover whether this is the cause or consequence of schizo

Positron emission tomography (PET)scanning
- can examine brain function, mapping actual activity in the brain over time
- provide color-coded map indicating the specific active areas when specific behavior is done
- also study the activity of specific neurotransmitters

Method:
- radioactively tagged chemicals are introduced into the brain
> servers as markers of blood flow or metabolic activity in the brain over time

Magnetic Resonance Imaging (MRI)
- uses magnetic fields, radio waves and computerized enhancement to map out brain structure
- better image than CT Scan; in 3D and has high-resolution
- useful in investigating depressive disorders
> depression is associated with shrinkage of hippocampus

Functional Magnetic Resonance (fMRI)
- new variation on MRI that monitors blood flow and oxygen consumption in the brain 
- can map actual activity in the brain over time but more precise than PET
- among the cool stuffs: contemplation of the loved one, cocaine craving among cocaine addicts and visual recognition of shapes and textures and locked-in patient

C) THE BRAIN AND BEHAVIOR 
- 3 major areas of brain: hindbrain, midbrain and forebrain

The hindbrain
- cerebellum, pons and medulla

Medulla:
- in-charge of unconscious but vital functions
-  regulating blood, breathing, maintaining muscle tone, regulating reflexes (sneezing, coughing, salivating)

Pons:
- bridge of fibres that connect the cerebellum with the brainstem 
- involved in sleep and arousal

Cerebellum:
- coordination of movement, sense of equilibrium, or physical balance
- function is more towards  organizing sensory information that guides these movements
> alcohol test: because cerebellum is the first structures depressed by alcohol
>> damage on cerebellum will disrupt fine motor skills; writing, typing or playing a musical instrument 

The midbrain
- part of the brainstem segment and lies between hindbrain and forebrain
- contains area that is concerned with integrating sensory processes ; vision and hearing

Contain: important system of dopamine-releasing neurons that project into various higher brain 
> dopamine is involved in the performance of voluntary movements
- degeneration of a structure located in the midbrain causes Parkinsons

- Reticular information: Run through midbrain and hindbrain 
> contributes to the modulation of muscle reflexes, breathing and pain perception

The forebrain
- largest and most complex
- encompasses structures: hypothalamus, thalamus, amygdale (limbic system) and cerebrum
- above them: cerebral cortex(the brain’s outer layer)

i) The thalamus: A way station
- structure where all sensory information except smell must pass through before reaching cerebral cortex
- made up of cell bodies or somas
Function: relay sensory information to a particular part of the cortex 
> also integrates information from various sense. 

ii) The hypothalamus: A Regulator of Biological Needs
- regulate basic biological needs
- contains various clusters of cells that have many key functions; control autonomic nervous system
- vital link between the brain and endocrine system
Significance: has a role in regulation of basic biological drives
>hypothalamus clearly contributes to the control of hunger and other basic biological perspective

iii) The Lymbic System: The Seat Emotion
- loosely connected network of structures located roughly along the border between the cerebral cortex and deeper subcortical areas

- includes: thalamus, hypothalamus, amygdala, hippocampus and other structures
- function: regulates emotion, memory, optimism, motivation 
- optimistic bias/explanatory style: good physical and psychological health

Hippocampus and adjacent structures
- has a role in memory processing
> involves in the consolidation of memories for factual information
>> also, prediction and imagination 
>>> damage to hippocampus will lead to damage in the prediction ability 

Amygdala
- learning of fear responses and the processing of other basic emotional responses
TRADITIONALLY: engaged in negativity or negative affect
William Cunningham: active in processing both positive and negative stimuli

iv) The Cerebrum: The Seat of Complex Thought
- largest and complex
- involves in: learning, remembering, thinking and consciousness

- divided into two halves; hemispheres
- cerebral hemispheres: the right and left halves of the cerebrum
- longitudinal fissure: runs from the front to the back of the brain; separates the hemispheres
-corpus callosum: connects the two cerebral hemispheres
- cerebral cortex: convoluted outer layer of the cerebrum

- cerebral hemispheres: divided into 4 parts called lobes

Occipital lobe
- located at the back of the head
-includes cortical area: where visual signals are sent and visual processing is begun
- area is known as primary visual cortex

Parietal lobe
- forward of the occipital lobe
- register the sense of touch known as primary somatosensory cortex
> if ESB is delivered, people can feel the sense of touch; someone brushes your nose

Figure: Doug Crawford
- role of parietal cortex: enable us to reach for and grasp object with proficiency 
> suggests: parietal cortex mediates the visual control of reaching

Temporal Lobe (Near lobe)
- below the parietal lobe
- near its top, contains area for auditory processing; primary auditory cortex
- impairing the left side of brain can damage comprehension of speech and language

Frontal Lone (largest lobe)
- control muscle movement
- area known as primary motor cortex

- more of the cortex is given to the parts that we have fine control over;  fingers, lips, tongue
- less to the larger parts that make crude movements
Prefrontal Cortex
- portion of the frontal lobe, one-third of the cerebral cortex
- involves in: reasoning about relationships between objects and events, decision making, working memory 
- “executive control system”
> may monitor, organize, integrate and direct thought

v) The Plasticity of the Brain

Figure: Bryan Kob
- anatomical structure and functional organization of the brain are more plastic/malleable than widely assumed
- brain plastic: brain’s ability to change structure and function
> suggests: experience is an important stimulant of brain plasticity
>> experience also affects dendritic length, synapse formation and altered metabolic activity

Conclusions are made base on those:
R1
- aspects of experience can sculpt features of brain structure
R2
- damage to incoming sensory pathways or the destruction of brain tissue can lead to neural reorganization
> 2nd finger cut: cortex that responds to the 2nd finger gradually becomes responsive to the 3rd and 1st 
R3
- adult brain can generate new neurons; in the olfactory bulb and the hippocampus
- neurogenesis: the formation of new neurons
>might contribute to the natural repaur process that occur after brain damage
>> might contribute to learning
- myth: neurons are formed latest at the stage of infancy

D) RIGHT BRAIN/LEFT BRAIN: CEREBRAL LATERALITY
- Paul Broca (Broca’s Area) and Wernicke’s Area
- left hemisphere processes language (the dominant hemi as thoughts are usually coded in language)
> reasoning, remembering, planning and problem solving
- right hemisphere (dumb hemisphere, nondominant)

Bisecting the Brain: Split-Brain Research
- the bundle of fibres that connect the cerebral hemispeheres known as corpus callosum is cut to reduce the severity of epileptic seizures
Significance: opened the research on corpus callosum
> argument: corpus callosum has an excitatory role (enables activation of both hemi) or inhibitory (preventing information from being transferred to both hemispheres)

Split Brain Research suggests that each hemisphere’s primary connections are to the opposite side of the body
> e.g: stimuli in the right half of the visual field are registered by receptors on the left side of each eye, which send signals to the left hemisphere
- Experiment: when pictures flashed on the right side, subjects were able to name it but when flashed on the left-side subjects couldn’t 

- Right-hemisphere: mostly good at visual-spatial tasks; recognizing faces, differentiating colors and arranging blocks

Figure: Gazzaniga

Hemispheric Specialization in the Intact Brain
Figure:
-  Maryse Lassonde of University of Montreal
- study the effect of agenesis of the corpus collosum (congenital malformation in which the corpus callosum is partially or completely absent)
Method:
- gather callosotmized (corpus callosum severed surgically)
- acallosal (born without intact corpus callosum) patients

Result: emphasize the crucial role of the corpus callosum in transfer and integration of a procedural visuomotor skill

Method: Perceptual asymmetries
- left-right imbalances between the cerebral hemispheres in the speed of visual or auditory processing

-subtle differences in the abilities of the two hemi, can be detected from how fast it takes for subjects to recognize different types of stimuli
- left hemisphere: better on task involving verbal processing, such as language, speech, reading, writing
- right hemisphere:  nonverbal processing, musical and visual recognition tasks and task involving the perception of other’s emotion

The Endocrine System: Another Way to Communicate
Endocrine System: second communication system
- consists of glands that release hormones into the bloodstream
> hormones help to control bodily functioning 
>> They are stored as chemical messengers, and once released diffused through the bloodstream and bind to special receptors on target cells
>>> some chemical substances do double duty; functioning as the hormones when they are released in the endocrine system and as neurotransmitters in the nervous system

Neurotrasmitters vs hormones
- Hormones: longer distance, slower, less specific and can act on many target cells throughout the body
- Neurotransmitter: short distance, faster, specific

- Some hormones are released wrt to changing conditions in the body and act to regulate those conditions
> stomach and intestines: help control digestions
> Kidney: regulate blood pressure
> pancreatic hormone (insulin): essential for cells to use sugar from the blood
- Hormone release tends to be pulsatile- released in burst or pulse that lasts for a few minutes
- Endocrine system: much of it is controlled by the nervous system through hypothalamus
- Hypothalamus has intimate connection with the pea-sized pituitary gland

- Pituitary gland: releases a great variety of hormones 
> releases: oxytocin and gonadotropins

Research on Oxytocin
- hormones released by pituitary gland which regulates reproductive behavior
- oxy triggers contraction when women give birth and stimulate mammary glands when milking
- foster adult-adult pair bonding in mammals and similarly to human 

Gonadotropins
- affect gonad (sexual gland)
- involved in forming the external sexual organ in the developing fetus
- emergence of secondary sexual characteristics: male and female facial hair

Heredity and Behavior: Is It All in Genes?
Behavioral Genetics: studies the influence of genetic heredity to behavioral traits

Basic Principles of Genes
i) Chromosomes
- Chromosomes: strands of DNA (deo-xyri-bonucleic acid) molecules that carry genetic information
- every human cells excepts sex cells (sperm and eggs) contain 46 chromosomes; 23pair with each one chromosome from each pair being contributed by each parent
- occurred when zygote (sperm and egg combined) is formed
- chromosomes contain biochemical messengers called gene
- Genes: serve as key functional units in hereditary transmission

Why we aren’t identical like our parents?
- parents’ 23 chromosomes can be scrambled 2^23 (8 billions) ways 
> yield 2^46 (70 trillion) configuration 
> this is a conservative estimation; doesn’t take into account mutations or crossing-over (an interchange of material between chromosomes) during sex cell formation

ii) Genes
- like chrome, also operate in pairs
- Homozygous condition: two genes in a specific pair are the same
- Heterozygous condition: two genes in a specific pair are different
- dominant gene: one that is expressed when paired genes are different
- recessive gene: one that is masked when paired genes are different

Genotype vs Phenotype
- features of gene may differ because of the unexpressed recessive genes 

- genotype: genetic makeup << the combination
> determined at conception and fixed forever
- phenotype: ways in which a person’s genotype is manifested in observable characteristics << result of that combination
> may change depending on the environment

Polygenic Inheritance
- characteristics that are influenced by more than one pair of genes

Investigating Hereditary Influence: Research Method
i) Family Studies
- examining blood relatives to see how much they resemble one another on a specific trait
- should expect for similar phenotypic 
- the closer the family, the higher the risk of inheriting, say, diabetes

ii) Twin Studies
- compare the resemblance of fraternal and identical twin wrt trait

Identical (monozygotic) Twins
- from one zygote that splits for unknown reasons
- have exactly same genotype
- genetic relatedness: 100%

Fraternal (dizygotic) Twins
- when two eggs are fertilized simultaneously by different sperm cells, forming 2 separate zygotes
- non exact genotype
- genetic relatedness: 50%

iii) Adoption Studies
- examining the resemblance between adoptive child and both their adoptive and biological parents

Method:
- if given up early in an infancy
- raised without having any contact with the bio parents

- adopted children resemble bio parents: genetic factors influence the trait
- adopted children resemble adoptive parents: environmental factors influence the trait
- result is about the same; heredity and environment have an influence on intelligence 

The Cutting Edge: Genetic Mapping
- molecular geneticists: study the biochemical base of genetic inheritance
- genetic mapping: process of determining the location and chemical sequence of specific genes on specific chromosomes
> enable to pinpoint specific genes and specific traits and disorders 

- The human genome project

THE INTERPLAY OF HEREDITY AND ENVIRONMENT
Figure: Robert Plomin (Leading behavioral genetics)
- what people tend to inherit is a certain degree of vulnerability to the disorder

- Epigenetics: the study of heritable changes in gene expression that do not involve modifications to the DNA sequence
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Receiving Signals:
Postsynaptic Potentials
When a neurotransmitter and a receptor molecule
combine, reactions in the cell membrane cause a post

synaptic potential (PSP), a voltage change at a re

ceptor site on a postsynaptic cell membrane. Post-
synaptic potentials do ot follow the all-or-none law
as action potentials do. Instead, postsynaptic poten-
tials are graded. That is, they vary in size and they in-
crease or decrease the probability of a neural impulse
in the receiving cell in proportion to the amount of
voltage change

Two types of messages can be sent from cell to cell

excitatory and inhibitory. An excitatory PSPis a pos
itive voltage shift that increases the likelihood that
the postsynaptic neuron will fire action potential
An inhibitory PSP is a negative voltage shift that

decreases the likelihood that the g
ron will fire action potentials. The direction of the
voltage shift, and thus the nature of the PSP (excita-
tory or inhibitory), depends on which receptor sites
are activated in the postsynaptic neuron (Kandel,
2000,

The excitatory or inhibitory effects produced ata
synapse last only a fraction of a second. Then neuro-
transmitters drift away from receptor sites or are in-
activated by enzymes that metabolize (convert) them
into inactive forms. Most are reabsorbed into the

tsynaptic neu

presynaptic neuron through reuptake, a process in
which neurotransmitters are sponged up from the
synaptic cleft by the presvnaptic membrane. Re-

Synaptic
ceft

simply relay messages it receives. It must integrate

Ao of sending
(presynaptic) neuron

Neuralimpuise

‘Synapticvesicles
‘containing
neuotransmiter

Cellmembiane
ofecehing
(postsynaptic)
neuron

Transmitter fisreceptor “Transmitte does notfitat
site, binds o cell membrane, receptorsite, cannot bind
producing postsynaptic 10 cell membrane
potental
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