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ABSTRACT

This article describes current pharmacological apghnes to Alzheimer's disease. The author
delineates the two families of drug treatmentsently available and the aspects of Alzheimer's
pathophysiology which these drugs assess. Theanestérase inhibitors are described along
with their history of development. The newly appgd NMDA inhibitor memantine is
described along with how it will be used in praetgiven the prevalence of the cholinesterase
inhibitors.

LEARNING OBJECTIVES

1. Understand the current concept of Alzheimer's diseapathogenesis and
pathophysiology.

2. Gain knowledge of cholinergic therapies for Alzhen's disease currently approved.

3. Learn the contribution of a new glutamatergic tpgrafor Alzheimer's disease,
memantine.

INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerativeditmm which results in loss of neurons in
the cortex and other grey matter regions of théenbraVhile it typically is associated with later
years, patients can be as young as 40 for the contai®-onset sporadic type. The upper limit
for age of onset is 90 in the NINCDS-ADRDA criteffiar the disease[1l]. Patients with the
autosomal dominant early-onset familial type canifeheir 20s potentially, but this type
accounts for less than five percent of individualgh the condition.[2] Current evidence
supports the notion that Alzheimer’'s disease isuauyloidosis or protein accumulating iliness,
in which anamyloid called amyloid-beta-42 accumulates in the fornpleiqued3] Plaques
occupy the space between brain cells, surroundeddiyle inflammatory cellsngicroglia) and
degenerating cell projections calledurites The immobile brain cells which are affected bg t
condition contain tangles, paired helical filamemthich are composed of abnormal tau protein.
Tau protein is involved in stabilizing microtubulegcessary for axon transport. If the tau
protein has been hyperphosphorylated it will begistick to other copies of itself, and this leads
to tangle formation. It is surmised that cells taimng tangles will overproduce amyloid, and
also that amyloid tends to induce tangle formatignhyperphosphorylating tau, an NMDA-
receptor mediated interaction. The NMDA recepsmscalled because it binds N-methyl-D-
aspartate, is a glutamate receptor which is inwbivelearning and memory as well as being a
site that can mediate cell death via excitotoxiciffhis is what permits the disease to spread

1/13



throughout the brain, amyloid begetting tangles daadgles helping to beget amyloid.
Experiments involving placing amyloid on neuronscuiture demonstrate that amyloid itself is
sufficient to produce Alzheimer’s pathology, andistikely to be the final common pathway for
producing AD.[4] Other work by Schenk et al. haswn that immunizing against amyloid in
animal models of cerebral amyloidosis abolishestag amyloid stores and prevents new ones
from forming, which also supports the notion thabyoid itself is central to the disease
process.[5] While intuitive, the notion that ‘aroil causes amyloidosis’ (i.e., tremyloid
cascade hypothegishas had its detractors and took nearly a cenftopn 1907 (the first
description of Alzheimer’s disease) to the predertiecome accepted as a cause of the disease.

[6]

AD is very gradual and nearly imperceptible inigallt may begin with short-term memory loss
which slowly worsens from minor annoyance to a magurce of disability. AD typically has
no abrupt onset, and patients and family membersiad-pressed to say exactly when it started.
It can proceed relentlessly in some patients, andthers enter plateau phases where no
progression occurs for months to years. AD cathbaght of as having three major stages—
mild, moderate, and severe—and a precursor s&tg€ 0’) which is often calladild cognitive
impairment(MCI). Each major stage lasts roughly 3-5 yearthe untreated patient, and can be
broken into early, middle, and late substages whiare useful clinically.

A number of scales are used to measure cognitigharelderly. The MMSE, or mini-mental
state examination, is a rapid and simple generghitiwe measure introduced by Folstein in
1975.[7] It ranges from 0-30, where 30 is normaald roughly corresponds to the stages of AD:
mild, 20-26; moderate, 10-19; severe, 0-9. The AB2og is a more extensive battery used in
clinical trials, ranging from 0-70, where 0 is n@inand 70 is severely impaired.[8]

Mild stage AD is typically limited to loss of shetsdrm memory and the decreased ability to do
mental arithmeticdyscalculig. Some patients have anomia (i.e., loss of thigyato retrieve
names for objects), which can eventually cause tteelmve few substantives (nouns) in their
speech. Loss of navigating ability also beginthia stage, making it harder to get somewhere in
the car or just walking. A common presentationvigen an individual is still not home hours
after he is expected and the police had to bed;atle when someone keeps losing her car in
parking lots. Eventually, it becomes clear to garers that driving is no longer safe for patients
even in this relatively early stage of AD. The lgdeom is that it is possible for short-term
memory loss to interfere with keeping track of otkehicles around one’s own, which leads
promptly to accidents. For both societal and medegal reasons, many practice parameters
recommend that clinicians inform an AD patient thatcan no longer drive safely, and in some
states physicians and other healthcare workershmagquired to inform the state motor vehicle
department which typically revokes the individuditense.

As the AD moderate stage is entered, patientsbedin to have more psychiatric manifestations,
including anxiety and paranoia. These can be ssearising from the mismatch of past and
present, in that long-term memory tends to be pveskefor a long time and short-term memory
becomes profoundly impaired or absent. This ldaadte patient literally ‘living in the past'.

He or she may experienceduplicative paramnesjan which their family members often are

accepted as bona fide, but the patient is convititadduplicates of them exist somewhere else.
These duplicate family members are their past @sssi which do not match their present
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versions in the patient’'s accessible memory anyemoWhile recognizing her spouse in a
wedding photo, one patient was nevertheless urtatday who the man sitting next to her was;
while quite strong and fit in his early 80s, he loager resembled the young man she had
married. Patients in this stage may also haaedering which seems to be initiated by looking
for a familiar place like the house as it useddokl orpacing a prominent form of organic
anxiety disorder in which patients are driven toven@nd cannot be still. It is instructive to
consider the world of a patient with Alzheimer'sehse: nothing stays where you leave it,
inanimate objects seem to move around of their asgord, and there is always the sense that
the place and people around you are unfamiliam esethey tell you that you are at home and
among family and friends.

The AD moderate stage is also where prominent slestprbances may occur. Sleep is tied to
thecircadian rhythm which is a clock driven by the suprachiasmaticlews, a group of neurons
in the hypothalamus. The clock itself is set bg $slun’s bright light, but with AD there is a loss
of entrainment, which is the process by which toelcis set to a particular period. Patients can
now have a free-running clock with a period of 40so hours. This is out of synchronization
with the quotidian 24 hours the world operatesand creates a lot of difficulty for the patient’s
family or caregivers. It is typical for an AD paiit to awake at 1 am and demand breakfast, or
wish to go to sleep at 3 pm in the afternoon. whkened an hour later, as if from a nap, she
might well ask for breakfast again. Phototherajgsigned to re-entrain the circadian rhythm
for jet lagged travelers or night shift workers.edmot work for sleep disturbances in AD,[9]
although there is reason to think that bright lighkposure can have good effects on cognitive
testing.[10]

As AD progresses into the severe stage, patieaéshoth short-term and long-term memory and
often lose the power of speech as well. Gait distace and incontinence predominate and often
lead to frequent falls and difficulty in care atne®, leading to nursing home placement. The
incontinence is typically bladder before bowel, andelated initially to not knowing where the
bathroom is or how to get there. Later incontierscdue to not knowing that a bathroom is
necessary, and later still the awareness of @fatlder is lost, so that when incontinence occurs
it is typically due to overflow. Patients typicalbecome less interested in eating and drinking,
and may become dangerously dehydrated and malhedrisThis leads to reduced resistance to
common pathogens, and so urinary tract infectiamesepsis, bronchitis, and pneumonia
becomes frequent. Gait disturbance can lead toiég with high morbidity, like hip fractures
and head injuries with subdural hematoma, and nitgrtgpically follows within a matter of
weeks. Hospice assistance is very appropriatbaratter part of the severe stage. Clearly a
fatal condition, AD is one of the top ten leadiragises of death in American adults.[11]

It should be unsurprising that the theories of tlay shaped the development of drugs for
Alzheimer’s disease. Before the 1990s the prengatheory of Alzheimer’'s pathogenesis was
termed thecholinergic hypothesigl2] This was based on the seminal finding thatycholine
(ACh) and choline-acetyltransferase (ChAT) levelsraviow in the brains of Alzheimer’s
patients.[13] The basal nucleus of Meynert, whies beneath the forebrain, is the brain’s major
source of acetylcholine (ACh). ACh is synthesimedarge cholinergic neurons, some as large
as 1 mm across. Low acetylcholine levels or cleofiic blockade can produce cognitive
impairment and this was accepted as the explantdiahe loss of function seen in Alzheimer’s.
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Until quite recently, the only drugs available fogating AD have been based on the cholinergic
hypothesis and are altholinesterase inhibitorsdrugs which inhibit the breakdown of
acetylcholine. It is ironic to note that whileethdo in fact have beneficial effects, their
development was based on what is known now tolbe:faAlzheimer’s disease is not due to loss
of acetylcholine but is in fact due to loss of ¢hetgic and other neurons. The cholinergic
deficit is an effect of the illness, not a caugenew line of drug development has emerged from
a more amyloid-based consideration of the pathaierd Alzheimer’s disease. These are the
selective NMDA receptor inhibitargypified by the first commercially available agen the
USA, memantine. The rest of this paper will discabolinesterase inhibitors and will also
discuss pharmacological treatments for psychiatrianifestations and sleep disturbance
associated with AD.

OVERVIEW OF THE CHOLINESTERASE INHIBITORS

The cholinesterase inhibitors are a heterogenoospgil4] The drugs in current use for
Alzheimer’s disease include donepezil, rivastigmined galantamine. An earlier drug, tacrine,
introduced the class but has fallen into disusénes€& drugs are not related to the classical
irreversible non-selective inhibitors of acetyldhebkterase, the organophosphates. Nor are they
nerve toxins like sarin, as their molecular hertagffords selectivity for the central
acetylcholinesterase and reversibility. This cdtsvn on typical cholinergic side effects
including nausea, vomiting, diarrhea, bradycardral muscle cramps. With the drugs approved
for AD there are clear ceilings to dosing, aboveachtside effects predominate due to loss of
central selectivity and peripheral spillover. Maof the side effects attributed to these drugs are
in fact more akin to toxicity, typical of the nawaherapeutic windows of anticonvulsants like
phenytoin.  Of interest, one of the first cenyralelective cholinesterase inhibitors is a natural
product found in Chinese club moss, huperzine A.[Beveral cholinesterase inhibitors have
been under commercial development including gamstig, phenserine, velnacrine, and
metrifonate.

TACRINE

Tacrine was the first drug ever approved for Alpheri's disease in 1993 as the brand Cognex.
Remarkably, it was the efforts of a single indivadDr. William Summers, a psychiatrist now in
solo practice in Albuquerque, New Mexico, that lgloutacrine to market.[16, 17] It is
plausible that further development in this area kdawot have occurred if tacrine had not been
approved. An aminoacridine, tacrine has a verytshalf-life which requires four times daily
(qid) dosing and can be unpredictably hepatotaxisame patients, necessitating periodic liver
monitoring. It can be given with or without foodut is probably better tolerated with food.
More than a third of patients cannot tolerate ie do gastro-intestinal side effects including
nausea, vomiting, and diarrhea. Also, four timagsyddosing makes compliance difficult to
maintain. Tacrine is no longer in general use.wekeer, if the maximum dose of 40 mg qid is
reached, patients do experience sometimes dramgirovement in memory and cognition (see
Fig. 1), and one study showed delayed entry ineortrsing home for patients on drug.[18]
Subsequent to the acquisition of Warner-LamberPfiger Pharmaceuticals, tacrine was sold to
First Horizon Pharmaceuticals, where it has beemored to be in development for a once daily
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sustained release preparation. Hence, tacrinemakg a comeback; it is still distributed in its
original form today.[19]

Tacrine inhibits both the central acetylcholinezser and the butyrylcholinesterase enzymes,
what used to be called the pseudocholinesterasgmenz Butyrylcholinesterase inhibition may
be associated with enhanced effect for cognitiormare peripheral side effects, especially
gastro-intestinal.[20]

Improvement 4

1 = = Placebo
+ Cognex 80 mg

Patients Completing 30 Weeks

2 = = Cognex 120 mg

ADAS Cog Change From Baseline

# Cognex 160 mg

3 1 1 1 1 1 T 1
Baseline G 12 18 24 30

Week

Fig 1. Cognitive effect of tacrine. Higher dogesduce greater improvement on the ADAS-Cog
scale over the 30 week study period. [21]

DONEPEZIL

In 1997, Pfizer and Eisai received approval to readonepezil as the brand Aricept. Donepezil
offers several advantages over tacrine. It is@pgd for mild to moderate stages of the disease.
It is given once daily, at a starting dose of 5 emgl can be increased to 10 mg after 4-6
weeks.[22]  No hepatotoxicity has been demonsirated no periodic lab monitoring is
required.[22] It is a piperidine, not an aminodore like tacrine, which probably contributes to
its lack of toxicity. Efficacy is good in about amthirds of patients treated, producing definite
increases in cognition on ADAS-cog standard measen¢ (see Fig. 2). About one third of
patients have little to no response. It has alsenbshown using the NPI (Dr. Cumming’s
Neuropsychiatric Inventory)[23] to have effects iamproving behavior, even in severe stages,
and has three-year efficacy data.[24] Like tacrimehas been shown to delay the need for
nursing home placement, and by as much as 21.4hsiantone study where this was the
primary outcome measure.[25] It is typically givenbedtime to reduce Gl side effects which
affect under 5% of patients.[22] Now accounting flee largest portion of the Alzheimer’'s
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market, donepezil has enjoyed wide usage. Sonmtsepave shown that it can have limited

efficacy after two years, but this is quite varebi the author’s experience. Cholinergic agents
like other drugs can suffer from tolerance or reslefficacy over time, which is compounded

by the progression of the disease. As cholinestenahibitors like donepezil must act on the

pool of available acetylcholine, it follows that #ds pool contracts with cumulative loss of

cholinergic neurons, the drugs will work less wler time. Note that doses in excess of 10 mg
have been used clinically but are not safe forep#si Peripheral spillover effects of

cholinesterase inhibition occur including bradydardyncope, and muscle cramps which are
sometimes excruciating. Furthermore, no addedflheseseen with higher doses, and a labeled
PET study shows 98% binding at 10 mg to all avégldibain sites.[26]

Clinical
Mean (+ SE) Improvement
Change from
Baseline ' Clinical
ADAS-cog 1 1 Decline
Rating 1
2 1 —o— Placebo
1 —a— 5 mg/day
3 - —e— 10 mg/day
4 . T , T T T r r T .
0 6 12 18 24 30
| Weeks of Drug Treatment | Placebo |

Fig 2. Donepezil effect on cognition. Active treant is associated with clinical improvement
compared to placebo. 10 mg/day is modestly suptyib mg/day. Placebo washout at week 24
was associated with reduction in performance oéttreent groups to the same level as placebo
group, implying a lack of effect on the underlyaumndition.[22]

RIVASTIGMINE

The third cholinesterase inhibitor to be approvedrivastigmine, marketed by Novartis as
Exelon, it was approved in 2000.[27] It is a eanate, selective for the C4 isoform of
acetylcholinesterase, which is present to a gredégree in cortex and hippocampus, which
suggests that the compound has anatomic selectiiRivastigmine is approved for mild to
moderate stages of the disease and is given tvaitg dtarting at 1.5 mg bid. Advancing 1.5
mg every two weeks appears to be well-toleratetifdsier titration schedules tend to result in
nausea and gastric distress, which occurred in rtitae a third of patients in the original
registration trials. However, no laboratory ntoring is required. The maximum dose is 6 mg
bid; higher doses are associated with more Gleatistand other peripheral spillover effects as
the drug loses central selectivity. It shares wabrine an affinity for butyrylcholinesterase,
which may be beneficial in that butyrylcholinest®ais not present in brain normally, but
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increases with Alzheimer’'s disease, brought in biyvated microglia in plaque.[28] There is
some guestion about whether inhibition of this o#iek for acetylcholine has a clinical benefit,
as this has not been established clearly, northiasein established that a drug which only has
butyrylcholinesterase inhibitory effect has effigaan its own. Figure 3 shows the cognitive
effect using the ADAS-Cog test over two years i@ thiginal registration trials of rivastigmine.
There is also data using the NPI to suggest thiastigmine has a superior profile for control of
behavior.[29]

—&—6-12 mg

Mean Change From Baseline
0]

144 [—*14mg
16 - —a— Placebo
18 -
0 13 26 39 Sty dy% ek 65 78 91 104

Fig 3. Rivastigmine effect on cognition using Ai2AS-Cog. Placebo controlled through week
26, then all patients receive rivastigmine, so plae line following week 26 is projected.[27]

GALANTAMINE

The fourth and last cholinesterase inhibitor toapproved for mild to moderate Alzheimer’s

disease in the US, galantamine is actually an nid ch European formularies, going back to the
1950s where it was used to reverse the effectauiadisylcholine. It is marketed by Janssen
under the brand name Reminyl. The drug is a tgraialoid, a natural product now produced

synthetically, derived originally from daffodils @rsnowdrops. The starting dose is 4 mg bid
and it can be increased 4 mg per week to a maxiapproved dose of 12 mg bid. It was in fact
studied up to 16 mg bid and is safe at that dogberauthor’s clinical experience, but was not
shown to be statistically superior to 12 mg bidheTL6 mg bid dose is associated with more
bradycardia as a peripheral spillover effect. Fegd shows the effect of galantamine on
cognition using the standard ADAS-cog primary outeaneasure.[30]

There is a documented nicotinic effect of galantembf uncertain clinical benefit, but
interesting pharmacologically.[31] Briefly, galamine acts as an allosteric modulator of the
presynaptic nicotinic receptor in a manner simitathe effect of benzodiazepines on the GABA
receptor. When galantamine is present, acetylebdbinding has a roughly tenfold increased
effect.[31]
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Fig. 4. Effect of galantamine on cognition. *p@01. Treatment is associated with
improvement compared to placebo. There was nohrdiiference is noted between 16 mg/day
and 24 mg/day in the grouped analy3%§

MEMANTINE

In October 2003 the US Food and Drug Administraipproved memantine as the first of a new
class of drugs for Alzheimer’s disease, the seleddiMDA receptor antagonists. It is licensed
for distribution to Forest Pharmaceuticals under inand name Namenda. Memantine is an
unusual drug derived from adamantane and relatednmtadine. It is structurally unrelated to
the cholinesterase inhibitors and in fact has narmlacological interaction or effect on
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cholinesterases, in the presence or absence oinekrase inhibitors like donepezil. It is
voltage-sensitive low to moderate affinity unconijpet antagonist at the NMDA receptor,
meaning that it is a ‘polite molecule’, binding apldcking only pathological levels of glutamate
activation. It is surmised that since glutamatele are dysregulated in AD—an effect thought
to be mediated by beta-amyloid-pathological acibratof the NMDA receptor leads to
excitotoxicity and ultimately death of neurons. idtknown that memantine interferes with the
toxic effect of amyloid on neurons, which is thotighoccur at the NMDA receptor.[33]

Memantine can be given with or without food. Dagsis best accomplished by titration first
with a standardized titration kit, which takes thaient from 5 mg gAM to 10 mg bid at 5 mg
per week increments. Using the titration kit ig thasiest way to achieve the recommended
maintenance dose of 10 mg bid.[34] Three trialsewgoposed for registration, including a
monotherapy trial in moderate to severe AD,[35pmbination trial with donepezil in moderate
to severe AD,[36] and in severe stage nursing hpatients with dementia.[34] Figure 5 shows
the effect of memantine in monotherapy using thee&elmpairment Battery (SIB), a cognition
scale which is more suited to the population wéte IAD. The drug also had good impact on
activities of daily living and although no statestily significant effect was noted on the NPI total
score between active and placebo groups, there wgrficant differences in favor of
memantine for reducing delusions and agitation/sgion.

B

Clinical Improvement

Mean (* SEM) Change from Baseline
in SIB Score

—— Flacebo
=10 4 —— NAMENDA

Clinical Decling

12 T T T T T T 1
0 4 8 12 16 20 2% 28
Weeks of Treatment

Fig 5. Effect of memantine (Namenda) monotherapgagnition using the Severe Impairment
Battery (SIB).[34]

Given its favorable interaction profile, it is onhatural to wonder if memantine will have

synergistic effects in patients already on a clegliarase inhibitor. This has only been formally
studied with donepezil, with favorable effects g in figure 6. There was also good effects
on activities of daily living, caregiver burden wasluced in comparison to patients on donepezil

9/13



alone, and there was a statistically significarffedence in total NPI scores in favor of
combination therapy, indicating superior efficaoy tbehavioral control.[34]

As memantine has not been studied with rivastigromgalantamine (or tacrine), use with those
cholinesterase inhibitors would be off-label. Muwhthe author’s own clinical experience has
indicated that memantine is safe with galantammevastigmine, and some combinations work
well anecdotally, especially memantine/galantamine.

Clinical Improvement

in SIB Score

Mean (x SEM) Change from Baseline

=l Placebo/Donepezil

-3 |—O—NAMENDA/Donepezil

Clinical Decline

0 2 4 ] 8 10 12 14 186 18 20 22 24

Weeks of Treatment

Fig 6. Effect of memantine (Namenda) in combimatuith donepezil (Aricept) on cognition
using the Severe Impairment Battery.[34]

ANTIPSYCHOTIC AGENTS FOR ALZHEIMER’S DISEASE

Psychosis in AD is uncommon, but when present @ulifficult to treat. The cholinesterase
inhibitors and memantine do have antipsychoticatfi@ clinical trials. This effect is sometimes
sufficient, but when agitation is considerable allidrtinations are threatening, it is appropriate to
employ a second agent. The atypical antipsychatiesmuch preferred in this setting, as drugs
like haloperidol are likely to exacerbate the cheigic deficit and worsen the patient clinically.
Moreover, D1-receptor antagonist effects will proelumarked parkinsonian reactions in some
patients with Alzheimer’s disease.[37] The preddriantipsychotic agent in these patients is
guetiapine, which is, in the author’s experienede @nd efficacious in low doses starting at 12.5
mg bid, but is not approved for this use by the FDAhas side effects of sedation and weight
gain, which are actually desirable in patients witbderate and severe stages of the disease.
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Ziprasidone and aripiprazole may be worthwhile vehsedation is not wanted or is present too
strongly with quetiapine. The author has not fouisgeridone or olanzapine to be safe in this
population due to parkinsonian side effects, egigcworrisome in patients who also have
Lewy Body pathology. Because Lewy Bodies can didydetected at autopsy and have up to
40% overlap with AD, it is difficult to predict whmay do poorly, hence quetiapine is preferred.
[38]

HYPNOTIC AGENTS FOR ALZHEIMER’S DISEASE

Quetiapine is a good choice for insomnia in AD tlués great safety and strong sedative effect.
This can even have the effect of synchronizingpghgent's day-night cycle, at least from the
viewpoint of the caregiver. Doses of 25 mg ghsaddten sufficient. Also useful in this context
are non-benzodiazepines, like zolpidem and zalepigmcally at low doses. Benzodiazepines
are used very frequently, but are not preferredtduangering sedation and tolerance. A large
National Institute on Aging multicenter trial of tatonin for sleep disturbance in Alzheimer’s
showed no significant benefit.[39] Diphenhydraminehile often used, tends to add to
confusion as it is anticholinergic; the same appicelow-dose opiates.[40]

Chloral hydrate is effective for short courses balerance develops rapidly.[41] Its exact
mechanism of action is unknown, but its principefivee metabolite is trichloroethanol which
may mediate its sedative-hypnotic effect. Thetistgrdose is 500 mg ghs, but many patients
need as much as 2000 mg for good control of insamhhe drug has been shown to be
carcinogenic in mice with lifetime exposure, bustis of unclear clinical significance.[42]

CONCLUSION

Clinicians who care for patients with Alzheimer'ssease now enjoy a rich armamentarium
which can provide significant positive impact toatity of life. It remains to be seen whether
newer agents like memantine, perhaps in combinatitina cholinesterase inhibitor, will lead to
enhanced longevity.
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