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THE GOLDEN RULES OF
MEMORY ENHANCEMENT

a LAl memory enhancers
Impailr memory. at
higher doses.--- Bell
shaped or nverted-U

dose response

s 2.Memory enhancers
Impair memory. in
overtrained animals




WEAK TRAINING

STRONG TRAINING

RECALL SCORE (%)
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DOSE GRP (ug/kg ip)




ACETYLCHOLINE - MUSCARINIC RECEPTOR
HIPPOCAMPUS
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ACETYLCHOLINE
HIPPOCAMPUS
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Meta-analysis : Cholinesterase
IRRIvIterS

9% more glohall responders o ChEIF than
placeno; 8% higher adverse events....|ess
With denapezil

Lanctor er al. CVAJ 169:557, 2003




GABA HIPPOCAMPUS

MEAN TRIALS TO CRITERION
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Netreransmiters demonstrating
MEMOrY NOKMESIS

s Choelinergic
= GABAergic
= SEretoninergic

Glutamergic/NIVIDA
Histaminergic (H2 & H3)
[Dopaminergic
Norepinehrinergic




Memantine : Meta-analysis
Cochrane Datanase

Improved benavior (2.76/144)
Impreved ADLs (1.27/54)

Pecreased Agitation (8% Vs 12%)

? DUE TO DECREASED NMDA ACTIVITY
DECREASING PAIN




The Third Golden Rule

3. Memory Impairedanimals have
altered dose responses curves




SAMP8 MOUSE

ACQUISITION

SAMP8

MEAN TRIALS TO FIRST AVOIDANCE
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4 Month P8

Mean Trials to Criterion (+ SEM)
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4 Month P8

Mean Trials to Criterion (+ SEM)
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Mean Trials to Criterion (+ SEM)

GABA ANTAGONISTS
(GABA-A & GABA-B)

4 Month P8
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SEROTONIN ANTAGONISTS
(HT-1 & HT-2)
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MAMILLARY COMPLEX
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IHeKmMESIS Is| present 1 multiple
prain sites

= Hippecampus
= SEptum
= Mammillany bodies

= Amygdala
= Cingulate cortex




CO-ADMINISTERED
Arecoline into hippocampus;
GABA antagonist/agonist into septum

SALINE —=—BICUCULLINE0.1pg

SALINE  —=—MUSCIMOL 5 ng

50 100

Arecoline (pg)




The FEourth Golden Rule

IHormones that modulate memory
follow the laws of hormesis
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MEAN TRIALS TO FIRST AVOIDANCE

MEAN TRIALS TO CRITERION

EFFECT OF ESTRADIOL ON ACQUISITION
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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 64:13¢
Brain Res 10:585,1992




Ghrelin Enhances Memory

Ghralin binding
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| Effect of Feeding
Improved i - On Cognition

Learning

Memory
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The Fat-Brain Axis




EFFECT OF LEPTIN
ON STEP DOWN EFFECT POST-TRAINING ADMINISTRATION

PASSIVE AVOIDANCE OF LEPTIN ON RETENTION OF T-MAZE
FOOTSHOCK AVOIDANCE

MEAN TRIALS TO CRITERION

MEAN LATENCY RETENTION (SECONDS)
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Leptin improves
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TThe Eifth Golden Rule

Peptides given peripherally or
centrally (eg NPY,NPK) follow the
laws of hormesis




Healthy Brain
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Cortical
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Plaque Moderately
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Cortical
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THE NEW SCIENCE OF

ALZHEIMER'S

The drugs + The genetics
The latest theories

What you can do now
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Amyloid Beta Protein:

Learning and Memory




. I Intracerebroventricullar
Trials to
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Selective Amnestic Effects by f-Amyloid
11 -~ Protein Fragments
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Effect of DFFVG on B-AP [12-28]
Induced Amnesia
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APP RNA

Protected __
Fragment

AGE OF MOUSE
(MONTHS)

B-Actin

Protected ___
Fragment

AGE OF MOUSE
(MONTHS)

a &
i ta
i i

Armyloid &
ipoimg protein)
=]

“« @ om
AGE OF MOUSE (MONTHS)

B-actin

AGE OF MOUSE (MONTHS)

12

AGE OF THE MOUSE
MONTHS

AGE OF THE MOUSE
MONTHS

AGE OF THE MOUSE
MONTHS

i

AGE OF THE MOUSE

MONTHS

PLAQUE




Antibodies to B-Amyloid reverse
memory deficit and increase acetylcholine

Pretreated with: MICRODIALYSIS
Hl Seunm
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Comparison of Amine Acid Seguence IHuman,
BALB/X and P8’ Brain Amyleid BProtein.

1 15 30 45
Human DAEFRHDSGYQVHHQKLVFFAGDVGSNKGAIIGLMVGGVVIATVI
(Balb C) G F R G
Sam P8 G F R \
Impairing memory process — 17-22 «
Insoluble neurotoxic region —25-35 «




Cytoplasm

Antisense




Development of Antisense

A phosphorothioate 42merAntisense
Directed At mid region of ARP

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA - ARRP
1 10 40

OL-1 ggcgcctttgttcgaacccacatcttcagcaaagaacaccag (30-17)




Neuroblastoma Cell Line
Antisense to Ap
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Random Antisense To AR

Mol. - Mass 157
(kDA)




Phase Contrast of Fluorescence from 5’ —FITC-AO
Living Neurons




Retention T-Maze Footshock Avoidance

3 Weeks After Antisense Administration
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AO Tireatment Decreases Al evelsin
Aged SAVIPE Mice Brain
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*p<0.05 *p<0.05
Poon et al., 2004, Brain Res
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EFFECTS OF PERIPHERAL OTS-1
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Potentiall Dystunction ofi Proteomics:ldentified, AB(1-42)-
Induiced ©xidized! Protenns: Neuretoxicivy IfhatIs Similar te

That in AD Brain
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AQHreatment [Decreases; Protein
Oxidation In Aged SAMES Mice Brain

Carbonyl level INT 65 Assay
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* p< 0-05, = p< 0.05 Poon et al., 2004, Brain Res




Detection and Image Analysis
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Proteomics of Aged SAMPS8 Treated
with AO

Cytoskeleton

HSP 86 o-Spectrin
\ NF-L

Protein

o enolase oxldation Synapse
LDH 2 DRP 2 integrity

TPI l
» Neurochemicals >
changes




NASAL ADMINISTRATION
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Antisense o, APP reVerses memory
geficits; exidative damage and delayed
AB'clearance In mice models of
Alzheimer’s disease. It can be
administered intranasailly.

Alois Alzheimer




Wiaat IS the physiological
fele of amylold beta

protein?




Low doses of Amyloid Beta Protein
Enhance Memory

Effect of AR 1-42 on Retention of T-maze Effect of AB12-28 on Retention of T-maze
Footshock Avoidance Footshock Avoidance
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Trials to Criterion

8.7 ng 46 ng Sal

0.2'ng 20ng 20ng 200l ng
Dose (ICV)

Dose (ICV)

Figure 5. Low doses of AB 1-42 administered ICV Figure 4. Low doses of A 12-28 administed ICV
immediately after training improves retention in T-maze immediately after training improves retention in T-maze
footshock avoidance. The ** indicates P<0.01. footshock avoidance. The ** indicates P<0.01.




Inhibition of Amyloid Beta Protein
Inhibits learning Iin young animals

Effect of DFFVG 72 hours Administered 72 hrs Prior to Training
on Acquisition of T-maze Footshock Avoidance

k.

Effect of Antibody to Ap 72 hours Administered 72 hrs Prior
to Training on Acquisition of T-maze Footshock Avoidance

Trials to Criterion

Saline DFFVG 2ug

; **
; o /:1; , Treatment (ICV)

igure 2. DFF ich blocks tfhé
to the receptor impairs learning in young CD-1 mice.
The ** indicates P<0.01.

Effect of Antisense to Ap Administered 3x Prior to Training
on Acquisition of T-maze Footshock Avoidance

/é

Ant] ti¥x“Beta
Dose (ICV)

Figure 1: Antibody to Ap administered 72 hours prior to training
in CD-1 mice impaired acquisition of T-maze footshock
avoidance. The ** indicates P<0.01.

Trials to Criterion

Random AntisenseAbeta
Dose (ICV)

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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SHormesis, and Memory/™ =+
enclusions

AIINE) memory enhancing agents
| iellew: the laws ofi hormesis.

Low doses of amyloid 3 peptide
the putative causative agent of
Alzhelimer’s disease enhance
memory
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