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Alzheimer's disease (AD) is a neurodegenerative disorder characterized by the progressive loss
of memory, judgement, and language and motor functions, which affects aged individuals
exclusively and culminates in the death of the patient. The lack of proven therapies and the
ever-increasing life expectancy of Western societies presage a bleak future unless truly
efficacious medications are discovered. Although much is known about the neuropathology of AD,
the true etiology of the disease remains unknown. In fact, AD may represent a collection of
pathologically similar, but etiologically diverse conditions. Multiple genetic, environmental,
infectious and immunological theories about the etiology of AD have been proposed; however,
there is no general consensus on any of them. On the other hand, certain biochemical
deficiencies and pathological changes have been well documented in AD brains. Most consistent
among them is the selective loss of certain neuronal populations. In particular, the cholinergic
neurons that project from the basal forebrain to the cerebral cortex and the hippocampus are at
risk in AD.* This selective cholinergic neurodegeneration, which may be the result of a variety
of biochemical processes, forms the basis for the so-called "cholinergic hypothesis of AD".?

The Cholinergic Hypothesis of Alzheimer's Disease

The cholinergic hypothesis of AD, which is now in its second decade of existence, contends that
cholinergic deficiencies in the brains of AD patients are directly related to their cognitive
impairment, and it rests on the following observations:

[1] The selective atrophy of cholinergic neurons in the nucleus basalis, the medial septum and
other basal forebrain areas, and the pathological changes (senile plaques and neurofibrillary
tangles) observed in the hippocampus and cerebral cortex of AD patients are well established. -2
Decreases in the levels of cholinergic neuronal markers [acetylcholine (AcCh),*
acetylcholinesterase (AcChE) and choline acetyltransferase (ChAcT),® and high affinity choline
uptake (HAChU)®] have been documented in AD. Furthermore, the decline in cognitive function
in AD patients correlates well with the loss of cholinergic activity in the cortex and
hippocampus.”

[2] Muscarinic antagonists (atropine, scopolamine) produce cognitive deficits in animals® and
humans.® Similar deficits can be obtained by experimental lesions of central cholinergic
projections in animals.*®

[3] Cholinomimeties, such as the muscarinic agonists arecoline and oxotremorine, improve
cognitive function in aged animals.**

Cholinomimetic Therapy

Given the central role played by the cholinergic system in AD neuropathology, it may be possible
to alleviate the cognitive and behavioral deficits of AD by enhancing or supplementing cholinergic
neurotransmission. Conceptually, cholinomimetic therapy is analogous to the activation of striatal
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dopamine receptors by dopaminergic agents (L-DOPA, bromocriptine), successfully used in
Parkinson's disease to compensate for the neurodegeneration of substantia nigra dopamine
neurons.? In some clinical trials, cholinomimetic therapy has been shown to be of some benefit
in AD patients.*® However, the cognition-enhancing effects of cholinomimetic agents in humans
are not clear. This may be a reflection of the specific compounds taken to the clinic, or it may
be due to the heterogeneity of the AD population. In general, the study of cholinomimetics in AD
has been hindered by the poor pharmacokinetic profiles and small therapeutic ratios of available
agents.'*

Types of cholinomimetics

The neurotransmitter AcCh activates two types of receptors: nicotinic receptors, ligand-gated
ion channels, and muscarinic receptors, membrane-bound receptors coupled to GTP-binding
proteins that utilize inhibition of adenylate cyclase or stimulation of phosphatidyl inositol
hydrolysis as second messenger systems. Cholinergic neurons possess muscarinic as well as
nicotinic receptors. The postsynaptic component of the cholinergic synapse appears to be
muscarinic in nature. It has been shown that postsynaptic muscarinic receptors are unaffected
in AD.*® Cholinomimetic therapy has primarily been aimed at increasing the level of cholinergic
stimulation at these postsynaptic muscarinic receptors.

In organizing this Symposium-in-Print, we have chosen to use the term "cholinomimetic" in the
broadest possible sense, including compounds that either directly or indirectly enhance
cholinergic neurotransmission. Useful cholinomimetic agents may mimic AcCh and act directly at
muscarinic receptors, stimulate the synthesis and/or release of AcCh, block its breakdown, or
indirectly potentiate the effects of endogenous AcCh.

Direct acting cholinomimetics

At least five distinct molecular subtypes of the human muscarinic receptor have been identified
to date.®® Within the CNS, ml receptors predominate in cortical and hippocampal areas, while
the m2 subtype is believed to be a pre-synaptic inhibitory autoreceptor, found on cholinergic
nerve endings.’” Direct activation of postsynaptic ml receptors by highly specific agents (i.e.
muscarinic agonists) represents the most direct type of cholinomimetic therapy. Such compounds
might be effective regardless of the number and condition of the remaining cholinergic neurons.
The main problem encountered so far in the clinical testing of muscarinic agonists such as
arecoline, oxotremorine, R5-86, etc., has been the lack of good subtype selectivity, which may
account for the large incidence of peripheral side effects, and poor pharmacokinetic parameters.
The search for ml-selective muscarinic agonists is an area of intense current research.

Indirect acting cholinomimetics

1. AcCh precursor loading. AcCh precursor loading has been tried in animal and human subjects
with generally disappointing results. Large doses of choline and lecithin have been claimed to
improve cognitive function, but other investigators have been unable to replicate these results.*®

2. AcChrelease enhancers. Several distinet pharmacologic mechanisms resuit in the enhancement
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of AcCh release in the CNS:

m2 antagonists

Blockade of m2 autoreceptors on cholinergic terminals stimulates evoked release of

AcCh from cholinergic neurons.® Thus, selective m2 antagonists might be useful as AcCh
releasing agents. However, since m2 receptors are widely expressed in gastrointestinal and
cardiac tissues, the potential for peripheral side effects would appear to be high. No compounds
from this approach have been studied in humans.

nicotinic agonists

Activation of presynaptic receptors by nicotinic agonists increases basal release of AcCh from
cholinergic nerve terminals.?® Once again, the wide distribution of nicotinic receptors in and
outside the CNS raises the question of selectivity for potential drug candidates. Sporadic reports
have appeared suggesting a beneficial effect of nicotine in AD patients.?* However, at the
present time there appear to be no nicotinic agonists in large scale clinical trials for AD.
Other release enhancers

Over the years, a number of compounds have been described that stimulate the release of AcCh.
Currently in clinical trials is DuP 996 (linopirine), which enhances the evoked release of AcCh
and other neurotransmitters via interaction with a novel receptor site.?*?

3. AcChE inhibitors. Acetylcholinesterase (AcChE) is the enzyme responsible for extracellular
catabolism of AcCh. Inhibition of AcChE retards AcCh breakdown and thus amplifies the effect
of endogenous AcCh. As with other indirect cholinomimetics, AcChE inhibitors rely on the
release of AcCh from existing neurons, and thus they may be most useful in the early stages of
the disease, when neuronal damage is still relatively small. The two AcChE inhibitors most widely
tested in humans are the alkaloid physostigmine and the synthetic compound tacrine
(tetrahydroaminoacridine, THA). Althoughmultiple investigators have documented the cognition
enhancing properties of both compounds,?® physostigmine has very poor oral activity, brain
penetration, and pharmacokinetic parameters, and tacrine appears to possess some hepatotoxic
liability. Peripheral side effects have generally limited the doses of AcChE inhibitors used in
clinical trials.?* There are numerous AcChE inhibitors in clinical development.

4. Miscellaneous. Inaddition to the above approaches, a number of mechanisms appear to possess
the potential for enhancing the efficiency of central cholinergic neurotransmission. These
include HAChU enhancers,®® ACTH and TRH analogs,?® and ACE inhibitors,2” among others.

A large number of compounds, based on these and other pharmacological rationales, find
themselves at different stages of clinical testing. The process toward gaining regulatory
approval for any drug in this area is certain to be a difficult one, due to the complexities of the
disease and the difficulties in defining and quantifying cognitive function. The purpose of this
Symposium-in-Print on Cholinomimetics and Alzheimer's Disease is to provide a forum for the
latest medicinal chemistry related to cholinergic neurotransmission, with a particular emphasis
on the discovery of potential new drugs for the treatment of AD. Ultimately, validation of the
cholinergic hypothesis of AD hinges on the selectivity, potency, and safety of

novel cholinomimetic agents, such as those described herein.
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