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“Memory is a passion
no less powerful or pervasive

than love.”
Elie Wiesel
“All Rivers Run to the Sea”

“Memory is a passion
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THE GOLDEN RULES OF THE GOLDEN RULES OF 
MEMORY ENHANCEMENTMEMORY ENHANCEMENT

1.All memory enhancers 1.All memory enhancers 
impair memory at impair memory at 
higher doses.higher doses.------ Bell Bell 
shaped or invertedshaped or inverted--U U 
dose responsedose response
2.Memory  enhancers  2.Memory  enhancers  
impair memory in impair memory in 
overtrainedovertrained animals animals 
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MetaMeta--analysis : Cholinesterase analysis : Cholinesterase 
InhibitorsInhibitors

9% more global responders to 9% more global responders to ChEIChEI than than 
placebo; 8% higher adverse eventsplacebo; 8% higher adverse events…….less .less 
with with donapezildonapezil

LanctotLanctot et al CMAJ 169:557,2003et al CMAJ 169:557,2003

““ Flawed methods and small clinical Flawed methods and small clinical 
benefitsbenefits……make recommendations for make recommendations for 

treatment questionable treatment questionable ””
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NeuroransmitersNeuroransmiters demonstrating demonstrating 
memory memory hormesishormesis

CholinergicCholinergic
GABAergicGABAergic
SerotoninergicSerotoninergic
GlutamergicGlutamergic/NMDA/NMDA
HistaminergicHistaminergic (H2 & H3)(H2 & H3)
DopaminergicDopaminergic
NorepinehrinergicNorepinehrinergic



MemantineMemantine : Meta: Meta--analysisanalysis
Cochrane DatabaseCochrane Database

Improved behavior (2.76/144)Improved behavior (2.76/144)
Improved Improved ADLsADLs (1.27/54)(1.27/54)
Decreased Agitation (8% Decreased Agitation (8% vsvs 12%)12%)

? DUE TO DECREASED NMDA ACTIVITY ? DUE TO DECREASED NMDA ACTIVITY 
DECREASING PAINDECREASING PAIN



The Third Golden RuleThe Third Golden Rule

3. Memory impaired animals have 3. Memory impaired animals have 
altered dose responses curves altered dose responses curves 
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HormesisHormesis is present in multiple is present in multiple 
brain sitesbrain sites

HippocampusHippocampus
SeptumSeptum
MammillaryMammillary bodiesbodies
AmygdalaAmygdala
CingulateCingulate cortexcortex
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The Fourth Golden RuleThe Fourth Golden Rule

Hormones that modulate memory Hormones that modulate memory 
follow the laws of follow the laws of hormesishormesis
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Food increases memory by releasing Food increases memory by releasing 
CCKCCK



The Gut-Brain Axis
• Acquisition and retention of memories are 

enhanced by feeding immediately after learning 
and decreased by feeding prior to training

• Cholecystokinin enhances acquisition and memory  
with a bell-shaped dose response curve by 
activating the ascending fibers of the vagus.The
pathway is Duodenum-vagus-NTS-amygdala-
hippocampus

• Blocking the effect of cholecystokinin blocks the 
effect of feeding on memory

Science 15:832,1987
Neurobiol Learn Mem 64:139
Brain Res 10:585,1992



Ghrelin Enhances Memory
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0 ng 50 ng 75 ng 100 ng 150 ng 200 ng

Nature Neuroscience 2006
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The FatThe Fat--Brain AxisBrain Axis

LEPTIN
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The Fifth Golden RuleThe Fifth Golden Rule

Peptides given peripherally or Peptides given peripherally or 
centrally (centrally (egeg NPY,NPK) follow the NPY,NPK) follow the 

laws of laws of hormesishormesis





Charles Bronson Perry Como Thomas Dorsey

Barry Goldwater

Rita Hayworth

Charlton Heston

Iris Murdoch Ronald Reagan

Sugar Ray
Robinson

Norman Rockwell

Alfred Van Vogt



Amyloid Beta Protein:

Learning and Memory
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Effect of DFFVG on β-AP [12-28]
Induced Amnesia
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Post-Training Treatment
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Comparison of Amino Acid Sequence Human,Comparison of Amino Acid Sequence Human,
BALB/x and P8 Brain BALB/x and P8 Brain AmyloidAmyloid ββProteinProtein..
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(Balb C)
Sam P8
Impairing memory process
Insoluble neurotoxic region
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Development of Antisense

A phosphorothioate 42merAntisense 
Directed At mid region of AßP

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA - AßP
1                         10                            20      30                          40  
OL-1                       ggcgcctttgttcgaacccacatcttcagcaaagaacaccag (30-17)
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Phase Contrast of
Living Neurons

Fluorescence from 5’ –FITC-AO
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AO Treatment Decreases AAO Treatment Decreases Aββ levels in levels in 
Aged SAMP8 Mice BrainAged SAMP8 Mice Brain

Poon et al., 2004, Brain Res
* p < 0.05, * p <0.05



THE BLOOD BRAIN BARRIER
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EFFECTS OF PERIPHERAL OTSEFFECTS OF PERIPHERAL OTS--11
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Brain to Blood Efflux of Amyloid
Beta Peptide
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Potential Dysfunction of ProteomicsPotential Dysfunction of Proteomics--Identified, AIdentified, Aββ(1(1--42)42)--
Induced Oxidized Proteins: Induced Oxidized Proteins: NeurotoxicityNeurotoxicity That is Similar to That is Similar to 

That in AD BrainThat in AD Brain

Protein oxidation
Cytoskeleton

Energy/metabolism

Detoxification

Signaling

Proteasome

Neuronal communication

Protein folding

Neurodegeneration

Aβ(1-42)



AO Treatment Decreases Protein AO Treatment Decreases Protein 
Oxidation in Aged SAMP8 Mice BrainOxidation in Aged SAMP8 Mice Brain

Poon et al., 2004, Brain Res* p < 0.05, ** p < 0.05
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Profilin 2 
Coronin 1A

Aldo 2                        
α-ATP synthase

Peroxiredoxin 2

Proteomics of Aged SAMP8 Treated 
with AO
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NASAL ADMINISTRATIONNASAL ADMINISTRATION
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AntisenseAntisense to APP reverses memory to APP reverses memory 
deficits, oxidative damage and delayed  deficits, oxidative damage and delayed  

AB clearance in mice models of AB clearance in mice models of 
AlzheimerAlzheimer’’s disease. It can be s disease. It can be 

administered administered intranasallyintranasally..



What is the physiological What is the physiological 
role of role of amyloidamyloid beta beta 

protein?protein?



Low doses of Amyloid Beta Protein 
Enhance Memory

Sal 8.7 ng 46 ng
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Effect of Aβ 1-42 on Retention of T-maze
Footshock Avoidance

**

Figure 5. Low doses of Aβ 1-42  administered ICV
immediately after training improves retention in T-maze
footshock avoidance. The ** indicates P<0.01.
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Sal 0.2 ng 2.0 ng 20 ng 200 ng
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Effect of Aβ12-28 on Retention of T-maze
Footshock Avoidance

**

Figure 4. Low doses of Aβ 12-28  administed ICV
immediately after training improves retention in T-maze
footshock avoidance. The ** indicates P<0.01.
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Inhibition of Amyloid Beta Protein 
inhibits learning in young animals

Anti-IgG Anti-A-beta
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Effect of Antibody to Aβ 72 hours Administered 72 hrs Prior
to Training on Acquisition of T-maze Footshock Avoidance

**

Figure 1: Antibody to Aβ administered 72 hours prior to training
in CD-1 mice impaired  acquisition of T-maze footshock
avoidance. The ** indicates P<0.01.
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Saline DFFVG 2ug
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Effect of DFFVG 72 hours Administered 72 hrs Prior  to Training
on Acquisition of T-maze Footshock Avoidance

**

Figure 2. DFFVG which blocks the A-beta from binding
to the receptor impairs learning in young CD-1 mice.
The ** indicates P<0.01.
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Random AntisenseAbeta
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Effect of Antisense to Aβ Administered 3x Prior  to Training
on Acquisition of T-maze Footshock Avoidance

**

Figure 3. Antisense directed at the C-terminal portion of the APP
peptide preventing the production of A-beta impairs learning in
young CD-1 mice. The ** indicates P<0.01.
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Long Term Long Term PotentiationPotentiation

DFFVG Amyloid β antibodies



HormesisHormesis and Memoryand Memory
ConclusionsConclusions

All (?) memory enhancing agents All (?) memory enhancing agents 
follow the laws of follow the laws of hormesishormesis..

Low doses of Low doses of amyloidamyloid ββ peptide peptide 
the putative causative agent of the putative causative agent of 
AlzheimerAlzheimer’’s disease enhance s disease enhance 

memorymemory



MEMORIESMEMORIES




