HUMAN MEMORY

“Memories, Light the corners of my mind.

Misty watercolor memories.

Of the way we were.”

The Way We Were 1974, Columbia Records

Learning Objectives

1. To learn about the different categories of memory

2. To learn about which brain structures are involved in memory (information storage)

3. To understand what is known about the cellular and molecular basis of memory

Important Concepts

1. Processes in the brain are localized to specific areas

2. Hippocampus and other brain structures store information for later recall

2. Memory may involve the rearrangement of synapses (neural plasticity)

3.  Memory may involve the altered efficacy (effectiveness) of the synapse

WHAT IS MEMORY?         LIST SOME TYPES OF MEMORY

HUMAN MEMORY (Chapter 31 of Neuroscience by Purves et al., 2nd edition)

3. 1. Declarative and procedural memory





Fig. 31-1
4. Qualitative categories include declarative and procedural memory

5. Declarative memory is conscious memory that can be expressed by language (e.g. remembering a telephone number)

· Procedural memory is largely subconscious relating to doing tasks (e.g. remembering how to dial a telephone number)

Q: Can you think of other examples?

2. Temporal categories of memory





Fig. 31.2
3. Immediate (sense of present), short-term (working), immediate-term and long-term memory

4. Engrams are the physical embodiment of long-term memory in the neural machinery and depend on long-term changes in the efficacy of the synapse and/or actual growth and reordering of the connections
· Memory is often studied in those who forget



Table 31.2
2. Amnesia is pathological forgetfulness

3. Inability to establish new memories is anterograde amnesia 

4. Inability to retrieve established memories is retrograde amnesia

5. Causes of memory loss include tumors, trauma, surgery, strokes, infections, shock therapy (ECT) and vitamin B1 deficiency

5. How good is your memory of common, everyday objects?
Fig. 31.5
REFER T O BACKGROUND BRAIN INFORMATION 

· Brain systems involved in memory





Fig. 31.6
6. Two brain areas seem to be involved in amnesia: hippocampus and medial thalamus (including mammilary bodies)





2. Hippocampal formation is involved in short-term storage

· Long term storage occurs in various parts of the cerebral cortex
Fig. 31.7


Q: What part of the cortex?  How would you determine what part of the cortex is in communication with the hippocampus?

· Long term storage of procedural memory is in other areas

Fig. 31.8
· Alzheimer’s disease







Box 31D
· Diagnosed by impairment of memory and attention followed by failure of language skills, visual-spatial orientation, abstract thinking, judgement and eventually personality.

· Diagnosis confirmed by autopsy: diagnosis of diseased tissue (histopathology)

· Histopathology includes intraneuronal neurofibrillary tangles, extracellular senile plaques and diffuse loss of neurons

· Areas affected include the cholinergic neurons of the basal forebrain, limbic structures, hippocampus and amygdala.

· Only 1% of cases is genetic

Q: What questions do you have?

· Aging and memory







Fig. 31.9
· Our brain weight starts its slow decline around the age of 20

· In the elderly, more connections are lost between neurons

· Phylogenetic Memory







Box 31A
· Evolution can shape and alter the cellular and molecular mechanism of memory

· Experience of the species over the eons is call phylogenetic memory

· Also known as instinctual memory (instincts shaped by history of the species)

Q: Can you think of some examples?



REFER TO BACKGROUND NEURON INFORMATION

PLASTICITY OF MATURE SYNAPES (pp. 535-552)

2. Synaptic plasticity in invertebrates





Fig. 25.1/25.2
· Best studied model of learning is the gill –withdrawal reflex in Aplysia californica (an invertebrate sea-slug)




· Sensitization is a process that allows an animal to generalize an aversion response elicited by a noxious stimulus to a variety of other, non-noxious stimuli

· The probable mechanism of sensitization is shown in Fig. 25.2C
3. Short-term synaptic plasticity in mammals



Fig. 25.3
2. Synaptic facilitation is a transient increase in synaptic strength that occurs when two or more APs invade the presynaptic terminal in close succession

3. Many presynaptic APs in close succession can also lead to synaptic depression

4. Long-term synaptic plasticity

2. Rat spatial learning suggested hippocampus as memory region
Fig. 25.4
7. Bliss and Hill began studying long-term potentiation (LTP) in the 1970s

3. They studied CA1 pyramidal cells in the hippocampus, CA3 pyramidal cells and their Schaffer collateral axons, and granule cells of the dentate gyrus with their mossy fibers








Figs 25.5-25.8
5. Molecular mechanisms of LTP





Figs. 25.9/25.10
· AMPA and NMDA receptors thought to be involved in LTP

Q: What neurotransmitter is involved?

· Structural changes occur in the hippocampus



Fig. 25.11
6. Long-term synaptic depression studied in the hippocampus

Figs. 25.12/25.13
1. COMPONENTS OF THE NERVOUS SYSTEM

· the nervous system is comprised of peripheral (PNS) and central (CNS) components





Fig. 14.1/Table 14.1
· CNS contains the brain and spinal cord

· PNS contains nerves which carry information to and from the CNS

· The brain has 3 major areas (which each have subdivisions)


· hindbrain, midbrain and forebrain



Fig. 15.1
· each area serves a different function

· all these areas contain neurons (nerve cells) that send there axons (output) to other brain areas

· Hindbrain controls some basic life functions and contains the
Fig. 15.5
· reticular formation: controls sleeping, arousal and other functions 

· medulla oblongata: controls cardiovascular, respiratory functions and other functions

· cerebellum: involved in coordination of movement

· pons: mostly connects brain areas to each other

· Midbrain controls head and eye movements

· also involved in coordinating movements

· Forebrain contains






Figs. 15.6/15.7
· thalamus which is involved in relay of information to the cerebrum

· hypothalamus is involved in regulating homeostatic functions (includes hunger center, satiety center, thirst center, temperature control)

· limbic system which is involved in emotions

· cerebrum (cerebral hemisphere) involved in "higher brain functions"

6. Cerebral hemispheres contain four lobes (named for the 4 cranial bones)

7. occipital lobe: processes visual information, interprets and stores visual images







Fig. 15.8
8. temporal lobe: processes auditory information, interprets and stores sounds, comprehension of written and spoken language

9. parietal lobe: processes somatosensory information, association between sensations






Fig. 15.9
10. frontal lobe: initiates motor activity, formation of speech, personality, integrative memory storage, "higher" intellectual activity

NEURONAL PHYSIOLOGY (how a neuron works)

· 1.  Every neuron has 4 main parts




Fig. 14.3
· dendrites: receive information

· cell body: adds (integrates) all input and determines output

· axon: sends output to other neurons

· axon terminal: transmits output to other neurons

· The synapse is the connection between two neurons

· connection between axon terminal and dendrite and/or cell body

· this is where the information is passed onto the next neuron

· Events in the synapse (very important)



Fig. 14.8
· Action potential (AP) impulse arrives and Ca2+ channels open

· Ca2+ causes neurotransmitter-containing vesicles to fuse to cell membrane

· Neurotransmitters (NTs) are released into the space between neurons

· NT are chemicals which bind to receptors on the dendrite or cell body

· NT binding causes ion channels to open

· Ions rush in or out changing the membrane potential (graded potentials)

· NT is broken down or recycled

Q: why break down or recycle the NT?

· NT binding either stimulates or inhibits the next neuron

· Excitatory NTs stimulate the next neuron to respond

· Inhibitory NTs inhibit the next neuron from responding

· The cell body integrates all of the inputs and determines

Fig. 14.9 

· whether to signal the next neuron  

· if threshold, AP and signal goes to next neuron (in the form of released NT)

· if no threshold, no AP.  Signal does not continue (no NT released)

· Different NTs stimulate different receptors allowing the passage of different ions

· there are many different NTs




Table 14.2
· NT can be fast or slow

· Neuromodulators alter the transmission of the NT

· drugs can alter many steps in synaptic transmission

· drugs can stimulate the receptor or prevent the channel from opening or block the recycling of the NT

· Neural disorders are often caused by NT problems

· Alzheimer's disease is characterized by atypical acetylcholine transmission

· Parkinson's disease is characterized by atypical dopamine transmission

· Huntington's disease is characterized by atypical dopamine transmission

· Depression is multifaceted involving serotonin, noradrenaline and dopamine

