The Brain and Behavior

All behavior is the result of brain function.

The task of neural science is to explain behavior in terms of the activities of the brain.

Two opposing views have been advanced on the relationship between brain and behavior

Nerve cells, the brain, and behavior have emerged over the last century.

Anatomical history

Before the invention of the compound microscope in 18 th century --- 

Nerve tissue was thought to function like a gland (Web-like reticulum)

In the early 1830 --- Jacob Schleiden & Theodor Schwann


cell theory 

Late in the 19th century --- Camillo Golgi & Santiago Ramón y Cajal (silver staining method)

neuron doctrine 

** Principles of dynamic polarization & connectional specificity by Dr. Cajal.

1920s --- Ross Harrison


the axon and the dendrite grow out from the cell body

Physiological history

In the late 1700s --- Luigi Galvani

muscle and nerve cells produce electricity

In the 19th century --- Emil DuBois-Reymond, Johannes Müller, and Hermann von Helmholtz


The electrical activity of one nerve cell affects the activity of an adjacent cell in predictable ways.

Pharmacological history

At the end of 19th century --- Claude Bernard, Paul Ehrlich, and John Langley


Chemical basis of communication between nerve cells.

Psychological history

In the mid-nineteenth century --- Charles Darwin


He set the stage for the study of animals as models of human actions and behavior by publishing his observations on the continuity of species in evolution.

At the end of the 18th century --- Franz Joseph Gall (physician & neuroanatomist)


Bring together biological and psychological concepts (phrenology)

1. all behavior emanated from the brain.

2. particular regions of the cerebral cortex controlled specific functions.

3. the center for each mental function grew with use.

<< Fig. 1-1>>

In the late 1820s --- Pierre Flourens


Any part of the cerebral hemisphere was able to perform all the functions of the hemisphere by systematically removing Gall’s functional centers from the brains of experimental animals. (aggregate-field view).

** Henry Head, Kurt Goldstein, Ivan Pavlov, and Karl Lashley

In the mid-nineteenth century --- J. Hughlings Jackson 


Different motor and sensory functions can be traced to different parts of the cerebral cortex by the study of focal epilepsy.

These studies were later refined by Karl Wernicke, Charles Sherrington, and Ramón y Cajal. (cellular connectionism)

The brain has distinct functional regions

The central nervous system has seven main parts:

1. spinal cord

2. medulla oblongata

3. pons

4. cerebellum

5. midbrain

6. diencephalons

7. cerebral hemispheres (telencephalons)

Cognitive functions are localized within the cerebral cortex

Four anatomically distinct lobes: frontal, parietal, temporal, and occipital.

<<Fig. 1-2A, Fig. 1-2B>>, <<Fig. >>

** Language --- Aphasia

At 1861 --- Pierre Paul Broca (neuropsychology)


“If there were ever a phrenological science, it will be the phrenology of convolutions in the cortex, and not the phrenology of bumps on the head.”

At 1864 --- Dr. Broca (Broca area) [motor (expressive) aphasia]


“We speak with the left hemisphere!”

At 1870 --- Gustav Fritsch and Eduard Hitzig (dominant hemisphere)

discrete limb movements in dogs can be produced by electrically stimulating a localized region of the precentral gyrus of the brain.

At 1876 --- Karl Wernicke (Wernicke area) [sensory (receptive] aphasia]


“The Symptom-Complex of Aphasia: A Psychological Study on an Anatomical Basis”

** angular gyrus, arcuate fasciculus [conductive aphasia]

<<Fig. 1-4>>

At the beginning of the 20th century – Korbinian Bromann (cytoarchitectonic method)


Distinguish different functional areas of the cortex based on variations in the tructure of cells and in the characteristics arrangement of these cells into layers.

** 52 anatomically and functional distinct areas in the human cerebral cortex.

<<Fig. 1-5>>

** Henry Head, Kurt Goldstein, Ivan Pavlov, and Karl Lashley --- advocates of the aggregate-field view.

** Lashley found that the severity of the learning defect seemed to dependent on the size of the lesions, not on their precise site. --- mass action
<< Fig. >>

Beginning in the late 1930s --- Edgar Adrian, Wade Marshall, and Philip Bard


A precise cat’s body map in specific cerebral cortex described by Brodmann.

In the late 1950s --- Wilder Penfield and George Ojemann


The language areas of the cortex (Broca & Wernicke)

<<Fig. 1-6>>

Affective traits and aspects of personality are also anatomically localized

Damage to right frontal cortex leads to difficulty in expressing emotion aspects of language.

** temporal lobe, amygdala.

Mental processes are represented in the brain by their elementary processing operations

Specific regions are not concerned with faculties of the mind, but with elementary processing operations.

** Consciousness is not a unitary process --- Roger Sperry and Michael Gazzaniga

<<Fig. 19-14>>

Nerve cells and behavior

How does the nervous system produce behavior?

1. The mechanisms by which neurons produce signals.

2. The patterns of connections between nerve cells.

3. The relationship of different patterns of interconnection of different types of behavior.

4. The means by which neurons and their connections are modified by experience.

The nervous system has two classes of cells

Glial cells are support cells


Nerve cells are the main signaling units of the nervous system

Two major classes of glial cells in vertebrate nervous system

Microglia

Activated and recruited during infection, injury, and seizure.

Macroglia (oligodendrocyte, Schwann cell & astrocyte)

<< Fig. 2-1>>

1. Glial cells support neurons.

2. Two type glial cells (oligodendrocytes and Schwann cells) produce the myelin used to insulate nerve cell axons.

3. Some glial cells are scavengers.

4. Glial cells perform important housekeeping chores that promote efficient signaling between neurons.

5. Radial glial cells guide migrating neuron during the brain’s development.

6. Some glial cells will regulate the properties of the presynaptic terminal at the nerve-muscle synapse.

7. Some astrocytes help form an impermeable lining in the blood-brain barriers.

8. Other glial cells release growth factors and nourish nerve cells.

Major structures of a nerve cell

The cell body (soma), dendrites, the axon, and the presynaptic terminals

Dendrite: integrate the postsynaptic potentials.

Soma: the metabolic center.


Axon: convey electrical signal (action potential (AP))



Axon hillock or initial segment of the axon


 
The brain analyzes and interprets patterns of incoming electric signals.



Insulating myelin sheath will increase the conductive speed of AP.


Synapse: communication site between 2 neurons.

<<Fig. 2-2>>

Three groups of the neurons by their shape

Unipolar, bipolar, and multipolar.


Unipolar neuron: in invertebrates or the autonomic nervous system of vertebrates


Bipolar neuron: sensory cells

** Pseudo-unipolar cells.


Multipolar neuron: in vertebrates

<<Fig. 2-4>>

Three major groups of the neurons by physiological functions

Sensory, motor, and interneuron


Sensory neuron (afferent neurons)


Motor neurons (efferent neurons)


Interneurons: relay or projective interneurons and local interneurons.

Nerve cells from specific signaling networks that mediate specific behaviors

The knee jerk:


Patellar tendon --- sensory neuron (muscle spindle) --- motor neuron --- muscles

strech reflexes (spinal reflexes) --- a monosynaptic reflex

<<Fig. 2-5>>

“Divergence” & “convergence” of neuronal connections

<<Fig. 2-6>>

“Feed-forward” & “feedback” inhibition by inhibitory interneurons

<<Fig. 2-7>>

Signaling is organized in the same way in all nerve cells

Input (receptive) --- trigger (integrative) --- conducting (signaling) --- output (secretory)

<<Fig. 2-8>>

** determined in part by the electrical properties of the cell membrane.

Resting membrane potential <<Fig. 2-9>>

-65 mV (-40 to –80 mV) in nerve cell; -90 mV in muscle

1. unequal distribution of ions (positive Na+ & K+ ions & negative amino acids)

2. selective permeability of the membrane to K+ ion (K+ ion channel)

3. Na+ - K+ pump

Action potential --- voltage sensitive Na+ channel & K+ channel

<<Table 2-1>><<Fig. 2-10>>

The input component produces graded local signals

Receptor potential --- a local signal, passively spread along the axon.

synaptic potential or end-plate potential

The trigger component makes the decision to generate an action potential

Integrative action --- threshold ----action potential.

The conductile component propagates an all-or-none action potential

Active propagation

Frequency encoding, not amplitude encoding in the propagation of sensory input.

The output component releases neurotransmitter

** stretch reflex example

<<Fig. 2-11>>

Nerve cells differ most at the molecular level

Different ion channels provide neurons with various thresholds, excitability properties, and firing patterns. Different chemical transmitters provide neurons to transmit and/or receive different information.

Nerve cells are able to convey unique information because they form specific networks

Functional map (somatosensory map) <<Fig. 20-6>>

Parallel processing & serial process

The modifiability of specific connections contributes to the adaptability of behaviors

Plasticity hypothesis <<Fig. >>

Genes and Behavior

Genes and environment interact is evident in phenylketonuria (PKU)

Twins studies. <<Fig. 3-1>> <<Fig. 3-3>>

Genetic information is stored in chromosomes

Gene contribute to the neural activity of behavior

1. their ability to replicate reliably

2. each gene directs the manufacture of specific proteins

Single gene alleles can encode normal behavioral variations in worms and flies

Fly (periord (per) & timeless (tim) genes) --- circadian rhythm (cGMP-depedent protein kinase)

Fly larvae (forager gene) --- foraging behavior

C. elegans (solitary & social ) --- social behavior (neuropeptide Y)

Mutations in single genes can affect certain behaviors in flies

Fly (per & tim genes) --- clock mutation <<Fig. 3-6>><<Fig. 3-7>><<Fig. 3-8>>

Defects in single genes can have profound effects on complex behaviors in mice

Mutations in the gene encoding leptin affect feeding behavior

Mutations in the genetic encoding a seretonergic receptor intensify impulsive behavior

Deletion of a gene that encodes an enzyme important for dopamine production disrupts locomotor behavior and motivation

Single genes are critical factors in certain human behavioral traits

Mutations in a dopamine receptor may influence novelty-seeking behavior

Mutations in opsin genes influence color perception

Mutations in Huntingtin gene result in Hungtington disease <<Fig. 3-12>>

Most complex behavioral traits in humans are multigenetic

<<Fig. 3-15>>

