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Metabotropic glutamate (mGlu) receptors form a family of eight
subtypes (mGlul to-8), classified into three groups (mGlul and-5;
mGlu2 and-3; andmGlu4, -6, -7 and -8) on the basis oftheir primary
structure, pharmacological profile and transduction pathways.

All these subtypes (with the exception ofmGlu6) have been implicated
in the control ofneuronal degeneration and survival, but the underlying
mechanism is still unclear. Agonists ofmGlul and-5 receptors (such
as DHPG) can either facilitate or reduce neurodegeneration in culture
depending on the paradigm oftoxicity, the subunit composition of
NMDA receptors, and the proportionbetween neurons and astrocytes.
Interestingly, both effects can be observed when cultured cortical cells
receive two consecutive applications of DHPG. While a single
application ofthedug amplifiesNMDA toxicity, the second application
consistently produces neuroprotection. This suggests the existence of
an experience-dependent switch from facilitary into inhibitory group-I
mGlu receptors in the control ofexcitotoxic death.

In contrast, mGlul and -5 receptor antagonists are consistently
neuroprotective, butthroughdifferentmechanisms. mGlul antagonists
(such as CPCCOEt or LY367385) attenuate NMDA toxicity by
enhancingGABAergic trAsmission, as shownbycombining these drugs
with GABA receptor antagonists or by measuring GABA release in
freely moving animals. mGlu5 receptor antagonists (such as MPEP,
SIB 1757 or SIB 1893) would instead prevent postsynaptic mGlu5

receptors from amplifyingNMDA currents through a mechanism of
receptor-receptor interaction. Neuroprotection by mGlu2/3 receptor
agonists involves a novel form ofglial-neuronal interaction mediated
by an enhanced glial production ofTGF-B. In particular, activation of
glial mGlu3 receptors induces thedenow synthesis ofTGF-B1 through
the activation of the MAP-kinase pathway. The MEK inhibitor,
PD98059, prevents the neuroprotective activity ofmGlu2/3 receptor
agonists againstNMDA toxicity. Finally, the use ofcultures prepared
from knock-out mice suggests that activation ofmGlu4 receptors
mediate a large component ofthe neuroprotective action ofgroup-il
mGlu receptor agonists, such as L-AP4 and PPG.

Based on these mechanisms, subtype-selective mGlu receptor agonists
or antagonists may have differential applications in the experimental
treatment ofneurodegenerative disorders.
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The main questions in Cognitive Gerontology are "When do Mental
Abilities begin to change"? "How rapidly do changes continue?" "Do
all mental abilities change together or do some change earlier than
others"? and "What factors accelerate and retard cognitive changes"?"
Are there simple biological or psychometric indices that can act as
markers to predict future rates ofchange"?

To answer these questions we may either make cross-sectional
comparisons between groups of different ages or longitudinal
comparisons, tracking the same individuals overaperiodofmanyyears.
Longitudinal studies are more efficient because they also allow initial
successive cross-sectional comparisons between groups and so reveal,
and can control for cohort effects. However they have two serious
and hitherto unacknowledged drawbacks: longitudinal studies suffer
from selective drop-out of older and frailer participants so that
populations become steadily more "elite"as the study continues. Also
they involve repeated administration of the same, or very similar
cognitive tests and this results in progressive improvement with practice,
even when inter-test intervals range from 2 to 8 years. Practice effects
are also counter-intuitive, with older and less able showing greater
improvement than younger and more able participants.

We discuss recent statistical techniques for detecting and adjusting for
both selective dropout and practice effects. When these techniques
are applied the questions with which we began are answered in the
following ways: Age related changes begin at a very early age,

becoming detectable between the ages of 18 and 35 years and more
marked in the range between 49 and 65 years, accelerating rapidly
thereafter. However changes in average perfonnance ofageing cohorts
are much less interesting than increases in variance between their
members. Because ofvery marked individual differences in trajectories
of age-related change differences between the most and least able
members ofcohorts sharply increase as they age.

Evidentlydifferences intrajectories ofageing are influencedbyavariety
of factors, among these genetics, general health and presence or
absence ofspecific pathologies, socioeconomic advantage education
and life-style, gender and lifetime exposure to biological risk factors.
We discuss the absolute and relative contributions ofthese factors to
rates ofcognitive change, and also new evidence that particular simple
measurements ofsensory function and balance can account for up to
85% ofage-related variance in cognitive status between individuals.
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Over the past two decades, research on the causes and treatments of
dementia ofthe Alzheimer's type has markedly expanded. However,
progress is hamperedby inherentdifficulties inperformingbrain aging
research in human subjects, normal and pathological. Accordingly,
various laboratories have focused on the characterization and
development ofrelevant rodent models, especially in mice and rats
which have lifespan short enough to allow for the use ofa variety of
molecular and pharmacological approaches, chronic drug treatments,
etc.

We have particularly focused our attention on the Long Evans aged
memory-impaired and -unimpaired rat and transgenic mice over-
expressing amyloid peptides. In these models, we investigated the
integrity ofvarious neurotransmitter systems known to be affected in
the Alzheimer's brain such as certain cholinergic projections originating
from the basal forebrain, cortical and hippocampal somatostatin and
glutamatergic neurons, etc. In parallel to data derived from brains of
Alzheimer's patients, aged memory-impaired rats display major
cholinergic dysfunctions not seen in agedmemory-unimpaired animals.
Moreover, increasing the efficacy of cholinergic neurotransmission by
pharmacological treatments (eg M2 blockers) can reverse learning
deficits in the agedmemory-impaired rat. Interestingly, these beneficial
effects ofan M2 blocker are long lasting suggesting the modulation of
genes involved in learning processes.

We are currently usingDNA microarray technology to address this

issue. Alterations in cholinergic markers were also observed in aging
amyloidtransgenic mice andthe existence offunctional links between
cholinergic innervation, APP maturation and amyloid production is
currently under investigation.

While it is clearthatnorodentmodels can reproduce all features ofthe
aging andAlzheimerhuman brain, pertinent information andtreatment
strategies can certainly be derived from studies performed with the
aged rodent.
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Galanin (GAL) is a 29 amino acid long neuropeptide with an amidated
C-terminal in most species (30 amino acids in humans with a non-
amidated C-terminal). Galanin-like immunoreactivity (GAL-LI) was
shown to coexist with several "classical" neurotransmitters in the brain
known to play a role in cognition, such as acetylcholine (ACh) in the
septohippocampal projection, noradrenaline (NA) in the locus coer-
uleus and serotonin (5-HT) in the raphe nuclei.

Similar to many neuropeptides, GAL displayed an inverted U-shape
dose-response learning curve using the Morris swim maze. GAL (3
nmol/rat), infused into the ventralhippocampus (HPC) (mainly theCA3
area), caused an impairment ofspatial learning related to a decrease in
basal ACh release. Infusions ofGAL (1 nmol/rat) into the dorsal CAl
area facilitated spatial learning. In contrast, combined infusionsofGAL
(3 nmol/rat) into both the dorsal and ventral CAl regions retarded
spatial learning, indicating that the action ofGAL depends on an
intrahippocampal network. Infusions ofGAL (3 nmollrat) in the den-
tate gyrms, containing mainly GAL-R2 receptor mRNA and a high
degree ofGAL-NA coexistence, retarded spatial learning. This sug-
gests that the GAL-R2 receptor subtype has a particularly important
role in modulation ofafferent input from the cerebral cortex. Analysis
ofmemoryperfomrnance in aprobe trial suggested thatintrahippocampal
GAL primarily acts via disruption ofacquisition mechanisms. How-
ever, when there exists a concomitant cholinergic dysfunction, GAL
can also play a role in memory.

GAL given icv produced a long-lasting inhibition of5-HT release in
vivo in the ventral HPC indicating that GAL is a potent inhibitor of
mesencephalic 5-HT neurotransmission. The in vivo actions on 5-HT
release appears to be mediated by stimulation ofGAL receptors at
the level ofthe raphe nuclei. In addition, centrally administered GAL
has been shown to attenuate 5-HT IA-mediated responses in the fore-
brain. These in vivo actions occur at surprisingly low doses (3 nmol/
rat, icv) suggesting thatGAL orpossiblyGAL fragments infused in the
ventricular space can exert long-term physiologic effects. GAL (icv)
can also modify the mRNA expression of the 5-HT Areceptors and
GAL itselfin the dorsal raphe, suggesting that GAL also exerts effects
at the prejunctional level.

These results suggest an important role for GAL within the septo-
hippocampal cholinergic projection and the ascending 5-HT pathways
ofimportance for learning and memory with potential relevance for
Alzheimer's disease and aging.
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It has long been established that the basal forebrain cholinergic system
is involved in disorders ofthe aging brain such as Alzheimer's disease
[AD], and several cholinesterase inhibitors are now licensed for
treatment.

More recently it has been apparent that cholinergic neuropathology is
more global than originally thought - in terms ofthe number ofdisorders
in which this system is affected, the cholinergic systems other than
basal forebrain involved, and range ofassociated cognitive and non
cognitive symptoms. Thus, in addition toAD, cholinergic abnormalities
have been reported in Parkinson's disease and Dementia with Lewy
bodies (DLB), Progressive Supranuclear Palsy, Vascular dementia,
head injury and Down's syndrome [and also in other developmental
disorders such as Rett's syndrome and Autism]. Brain areas affected
by cholinergic abnormalities in these disorders include not only
hippocampus, neocortex and basal forebrain, but also striatum,
thalamus and brainstem.

Symptoms that have been correlated in clinico-pathological studies
with cortical abnormalities include: global cognitive function, attentional
deficits, visual hallucinations, delusions and disturbances in
consciousness. In response to treatment with cholinesterase inhibitors
a number ofdifferent symptoms are relieved, including delusions,
hallucinations, apathy and agitation. These treatment effects are
particularly pronounced in patients with DLB in whom cortical
Alzheimer-type pathology is variable or absent. In attempting to provide

aunitarybasis forthe diverse range ofclinical features associated with
cholinergic pathology, it has been suggested that key cholinergic
pathways are involved notjust in selective attention but in the more
specific process ofconscious awareness

There has been some debate abouthow early cholinergic deficits occur
in diseases such as AD, with some autopsy and in vivo imaging studies
indicating that abnormalities in presynaptic markers such a choline
acetyltransferase orthe vesicular acetylcholine transporteronly atmore
advance stages ofthe disease, and other studies indicating changes in
acetylcholinesterase and nicotinic receptors at early stages

Most interestingly longterm treatment studies suggest that cholinotherapy
maybe disease stabilizing andpossible mechanisms ofthis effect include
nicotinic or muscarinic receptor mediated promotion ofthe normal as
opposed to amyloidogenic processing ofthe amyloid precursor protein

For the modulatory neurotransmitter system discovered after the major
monaminergic systems, acetylcholine has emerged as the most
important in relation to sympomatology and possibly also aspects of
disease progression in many types ofdegenerative dementia.
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The attitude towards Hormone Replacement Therapy (HRT) has seen
a turbulentchange overthe last decade. While the early nineties showed
a growing enthusiasm for its biological potential to protect the ageing
brain, it became gradually apparent that the human studies all had
methodological problems and conflicting results (Yaffe etal., 1998).
Last yearthe well designed and long awaited Alzheimer's disease (AD)
trial was completed and its results seem clear. The question remains
whether HRT can delay the onset ofAD. Large controlled studies
with healthy women are currently underway and should be able to
answer these questions within 6 to 10 years time.

However, both theAD and the healthy women's trials use Premarin,
the most widely prescribed HRT consisting mainly ofconjugated
estrogens. Positive effects ofPremarin in AD have been described
[see Yaffe et al., 1998] but the studies with healthy women (Goebel et
al., 1995; Ditkoffet al., 1991; in Yaffe et al., 1998 and Shaywitz et
al., 1999) showed no effects on tests. It is conceivable that other
preparations (e.g. containing estradiol, the most potent estrogen) could
show effects, especially using the more sensitive within subjects design
(Hogervorst et al., 1999).

It is also possible that estrogens only have time-limited effects. Earlier
animal workshowed that continued treatment with estradiol counteracted
its initial beneficial effects (Gibbs RB, 1994). This may be in line with
the positive effect ofHRT on some ofthe cognitive measures in the
AD study after 8 weeks, which then declined, and the difference

favouring the placebo group on other scales after 12 months. Gibbs
(1994) suggested that the administration ofa progestagen could help
maintain estrogen's beneficial effects. However, otherpositive effects
of estrogens may be reversed by progestagens (Hogervorst et al.,
1999). Hence, while the above study has clearly shown no beneficial
long term effect ofPremarin in women with AD, the last word about
the effectiveness ofHRTon cognitive functions ofelderly women has
not been said
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Much ofmy research has been concerned with understanding the
relationship between brain activity patterns, synaptic plasticity and
leaning. Thus,mywork has mainly focusedonthe interactionbetween
the hippocampal thetarhythm, LTP andmemory formation. My goals
are two-fold: first, to extract the key neurobiological variables that are
essential for understanding how memories are stored, and second, to
use this information for the development oftherapeutic compounds
directed atmemory disorders associatedwith aging and disease.

In this symposium I will focus on aspects ofmyworkthat deal with the
relationship betweenAMPA receptormodulation, LTP induction and
memory formation. Over 80/oofreceptors in thebrain are glutamatergic,
roughly 2/3 ofwhich areAMPA receptors, located both on principal
cells and interneurons. TheAMPA receptormediates fast excitatory

misioninthe forebain and is cncial forrasmission ofinformation
within andbetween brain regions. Itis also an essential component of
the machinery involved in the induction oflong-term potentiation (LTP)
understandardphysiological conditions.

Specifically, high-frunicy affeentstimnulationusedtoinduceLTP results
in spatial andtemporal surnmation offast excitatory synaptic responses
mediatedbytheAPA receptor, the extent ofwhichdirecydetermines
the degree ofvoltage-sensitiveNMDAreceptor activation and thereby
the amountofLTP that occurs. I will describe a series ofphysiological
and behavioral experiments that examined the effect ofAmpakines, a
class of compounds designed to cross the blood-brain barrier and
selectively enhanceAMPA receptor-mediated synaptic currents via
allosteric modulation. We found that facilitation ofAMPA receptor-
mediatedresponses withAmpalines readily promotes LTP induction in

hippocaal slicesby ringtheamount ofaffeIentstimulationneeded
to produce maximal LTP, and significantly increases the amount and
durationofLTP in areaCAI offfreelymoving rats. We, as well as other
laboratories, firtherfound thatAmpakines, byselectivelyehancing the
operation oftheAMPA receptor, reliably promote learning across a
broadrangeofbehavioralparadigmsinrats. Moreover, studies conducted
in humans indicate that Ampakines are effective at enhancing recall in
aged subjects and are able to improve memory in various cognitive tests.
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Fourteen different receptor subtypes might be regarded as a diversity
that is sufficient to accommodate the wide-ranging physiological roles
of5-hydroxytryptamine (5-HT). However, it is becoming clear that,
for 5-HT as for other neurotransmitters, the concept ofa receptor as
gatekeeper for a specific cellular process or event is too restrictive.

Multiple receptor-mediated biochemical cascades can be activated in
cells in response to an agonistby a number ofmechanisms. Whereas it
is well established that different agonists do not necessarily elicit the
same magnitude ofresponse, theymay probably also select between
various possible signaltrasduction pathways. Receptorsignallingmay
be diverse via a single receptor subtype as a consequence ofspecific
agonist: receptor: G protein interactions.

5-HT receptors are even more heterogeneous when considering that
the amino acid sequence ofthese receptor subtypes may vary from
individual to individual, and the increasing numberofreceptor isoforms
due to altmative splicing andRNA editing of5-HT receptortanipts.
Activation, in particular the constitutive, agonist-independent one, for
some ofthese receptor isoforms has been reported to be altered. This
implies that ligandswith similar binding affinities may display different
pharmacological properties (partial agonist, antagonist or inverse
agonist) versus these receptor isoforms dependent on their activation
state.

Therefore, intervention with receptor ligands to modify hampered
neurotransmission pathways is a difficult task and needs to consider
the growing evidence of diversity by G protein-coupled receptor
sill"


