Biological Bases of Behavior

Chapter 3 Continued

Left and Right Hemispheres

Hemispheric Differences

Left-Hemisphere

Speaking / Signing

Complex movements

Calculations

Word Recognition

Right side of body

Neurons

Most behaviors are produced by groups of hundreds or thousands of neurons

Neurons continuously change their shape

Grow and shrink

Plasticity

Most of your neurons are with you for life and are never replaced

Glia

Diseases affecting Glia

Multiple Sclerosis (MS)

Nervous system disorder that results from the loss of myelin around axons

Symptoms:

Numbness or weakness 

Double vision or blurring of vision 

Tingling or pain in parts of your body 

Fatigue 

Neurons

How do neurons communicate?

What is an Action Potential?

Atoms

Smallest quantity of an element that retains that element (Smallest piece of substance)

Contain a nucleus

Neutrons: neutral in charge

Protons: carry a positive (+) charge

Electrons: carry a negative (-) charge

For any atom, the number of protons is the same as the number of electrons.

Ions

When an atom gives up an electron, it becomes positively charged ion

When an atom takes on an electron, it becomes a negatively charged ion

Ion=A charged atom

Resting Potential

Electrical charge across the cell membrane in the absence of stimulation

A store of negative energy on the intracellular side relative to the extracellular side

Inside cell: negative

Outside cell: positive

Approximately -70 mV

The Action Potential

Action Potential

Large, brief reversal in polarity of an axon

Due to movement of ions through channels in the membrane

Lasts approximately 1 millisecond (ms)

The Action Potential

Threshold Potential

Voltage on a neural membrane at which an action potential is triggered

Approximately -50 mV relative to extracellular surround

All-or-None Law

Synapse

Junction between one neuron and another neuron

Usually between the terminal button of the axon of one neuron and a dendrite of another neuron

Synapses

At a synapse, a neuron releases neurotransmitters (chemicals) 

Neurotransmitters can be inhibitory or excitatory

A single release of a neurotransmitter produces usually a subthreshold response

The summation of all subthreshold responses determines if the cell will fire

Excitation & Inhibition

Excitation: process by which the activity of a neuron is increased

Inhibition: process by which the activity of a neuron is decreased or stopped

Synapses

Synaptic Vesicle

Organelle consisting of a membrane structure that encloses a quantum of neurotransmitter

Synaptic Cleft

Gap that separates the presynaptic membrane from the postsynaptic membrane

Presynaptic Membrane

Membrane on the transmitter - output side of a synapse

Postsynaptic Membrane

Membrane on the transmitter - input side of a synapse

Types of Neurotransmitters

Acetylcholine (ACh) 

Monoamines: Dopamine, Epinephrine, Norepinephrine, Serotonin, Histamine

Glutamate, Gamma-aminobutyric acid (GABA)

Endorphins

Neurotransmitters and Functions

Diseases Arising from Neurotransmitter Malfunctions

Alzheimer’s disease

Degenerative brain disorder that first appears as progressive memory loss and later develops into generalized dementia

Involves acetycholine

Schizophrenia

Behavioral disorder characterized by delusions, hallucinations, disorganized speech, blunted emotion, agitation or immobility, and a host of other symptoms 

Involves dopamine

Drugs

Definition: a nonfood chemical that alters one or more normal biological processes in living organisms

Other definitions:

Psychopharmacology: the discipline that attempts to systematically study the effects of drugs on behavior, cognitive functioning and emotions.

Psychoactive (Psychotropic) drugs: drugs that affect behavior, cognitive functioning and emotions

Classification of Psychoactive Drugs

Sedative Hypnotics and Antianxiety Agents

Antipsychotic Agents

Antidepressants

Mood Stabilizers

Narcotic Analgesics

Psychomotor Stimulants

Psychedelics and Hallucinogens

Psychoactive Drugs

Antipsychotics

Drug that block dopamine

Used mainly for treating schizophrenia

Symptoms of schizophrenia: Delusions, Hallucinations, Disorganized thought and speech, affective flattening,  lack of desire

Antidepressants

Various Classes of Antidepressants

Selective Serotonin Reuptake Inhibitors (SSRIs)

Psychoactive Drugs

Narcotic Analgesic

Drugs with sleep-inducing (narcotic) and pain-relieving (analgesic) properties

Include:

Opiates (Codeine, Morphine)

Heroin: An opiate drug synthesized from morphine

Endorphins

Stimulants

Increase motor behavior and elevate a person’s mood and level of alertness

Cocaine and Amphetamine

Addictive; Increases dopamine levels

Ecstasy:  MDMA (Methylenedioxymethamphetamine)

Blocks re-absorption of serotonin 

Psychedelic Drugs

Alter sensory perception and cognitive processes

Marijuana

Cannabinoids

Tetrahydrocannabinol (THC): active ingredient in marijuana

Serves as a depressant AND hallucinogenic

Amplifies sensory perception

Therapeutic uses:

Chronic pain – serves as analgesic

Treats nausea (e.g., from chemotherapy)

Increases appetite

Hormones

A chemical secreted in most cases by a gland

Carried by the blood

Neurotransmitter vs. Hormones

Endocrine System

Protein hormones and peptide hormones

Endocrine Glands

Hypothalamus

Pineal Gland

Pituitary gland

Parathyroid gland

Thyroid glands

Thymus

Endocrine Glands

Classifying Hormones by Function

Hormones that maintain homeostasis

State of internal metabolic balance and regulation of physiological systems in an organism

Gonadal (sex) hormones

Control reproductive functions and sexual appearance and identity 

Stress hormones (e.g., glucocorticoids)

Secreted in times of stress (fight or flight); important in protein and carbohydrate metabolism

Genes, Cells, and Behavior Chromosomes and Genes

Human cells have 23 pairs of chromosomes

One copy from the mother and one copy from the father

The Nucleus

Cell’s “executive office”

Houses DNA

Chromosome

Contain the genes

What is a Gene?

A segments of DNA (deoxyribonucleic acid)

Double-helix structure that holds an organism’s genetic code

The segments are made up of four nucleotide bases:

Adenine (A), Thymine (T), Guanine (G), and Cytosine (C)

Blueprints for making proteins

Sequences of nucleotides determine which amino acids are to be joined to form the particular protein

Genes, Cells, and Behavior Chromosomes and Genes

Allele

Alternate form of a gene; a gene pair contains two alleles

Homozygous

Having two identical alleles for a trait

Heterozygous

Having two different alleles for the same trait

Genes, Cells, and Behavior Genotype and Phenotype

Genotype

The full set of all the genes that an organism possesses 

Phenotype

The appearance of an organism that results from the interaction of genes with one another and with the environment

Genes, Cells, and Behavior Dominant and Recessive Alleles

Dominant Allele

The member of the gene pair that is routinely expressed

Recessive Allele

The member of the gene pair that is routinely unexpressed

The Role of Genetics: Family Studies

Examining blood relatives and how they resemble or differ on certain traits

The Role of Genetics: Twin Studies

Identical twins

Same conception

Same uterus

Same birth date

Same cultural history

100% gene overlap

The Role of Environment

Parental influence

Experience and brain development:

Stimulation can affect the development of neurons

More stimulation = more dendrites

Non-Parental influence

Culture norms

Peers

Predisposition to respond more to peers than parents

How do we study the brain?

Neuroscience Research methods

Electrical Recordings

The Electroencephalogram (EEG)

The brain emits weak electrical signals… generated by the firing of neurons 

Measured and amplified by an EEG

Records and amplifies the weak electrical signals

Recording EEG

Several small electrodes are placed against the scalp

Neuronal activity from one brain area is subtracted from activity at a reference location

EEG Traces

Electrical Stimulation

Electrical stimulation activates a brain region

Mostly conducted on animals

Wilder Penfield’s motor and somatosensory maps

Lesion Studies

Brain Tumors, Stroke, Head Injuries

Brain Imaging

Structural

CT

MRI

Functional

Functional MRI (fMRI)

PET

Brain Imaging

Computerized Axial Tomography  (CAT scan, CT scan)

Series of  X-Rays at slightly different angles

Combine X-rays into 3-D image of the brain

Poor resolution

Cheap

CT

Brain Imaging

Magnetic Resonance Imaging (MRI)

Magnet forces hydrogen to align

Pulse disrupt them, and time to realignment is measured

Better resolution than CT

Cannot use if metal present in the body

MRI

Brain Imaging

Functional MRI (fMRI)

Increased activity = increased blood flow = increased oxygen (more than needed)

Good spatial resolution

Poor temporal resolution

Expensive

Brain Imaging

Positron Emission Topography (PET)

Radioactive liquid injected into bloodstream that detects glucose consumption

Disadvantages:

Invasive

Poor spatial resolution

Poor temporal resolution

