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Abstract Cholinesterase inhibitors are currently the most established treatment strategy
in Alzheimer’s disease. The treatment effect appears mainly to be symptomatic.
Effects on progression of the disease following long term treatment, and possible
neuroprotective effects, have been investigated. Delay until nursing home place-
ment has been reported. Three cholinesterase inhibitors, tacrine, donepezil and
rivastigmine, are in clinical use. Other cholinesterase inhibitors, such as
galantamine (galanthamine), metrifonate, physostigmine, eptastigmine, are cur-
rently under clinical evaluation. So far the efficacy appears to be comparable
between the various cholinesterase inhibitors; treatment for up to 6 months has
produced an improvement in Alzheimer’s Disease Assessment Scale – Cognitive
Subscale score (ADAS-cog) of between 1.8 and 4.9 in patients with Alzheimer’s
disease.

Tacrine, donepezil, galantamine and physostigmine are reversible inhibitors
of acetylcholinesterase and butyrylcholinesterase, while metrifonate is consid-
ered to be an irreversible inhibitor and rivastigmine a pseudoirreversible inhibitor.
Tacrine and physostigmine have lower bioavailability, 17 to 37% and 3 to 8%,
respectively, than the other cholinesterase inhibitors such as rivastigmine,
galantamine and donepezil (40 to 100%). The elimination half-life is considerably
longer for donepezil (70 to 80h) in comparison to most of the other cholinesterase
inhibitors (0.3 to 12h). Donepezil is therefore administered once daily in com-
parison to rivastigmine which is administered twice daily and tacrine which is
administered 4 times daily. 

Simultaneous food intake lowers the plasma concentration of tacrine and re-
duces the adverse effects of rivastigmine. Drugs like theophylline and cimetidine
have been reported to change the pharmacokinetics of tacrine and donepezil. In
contrast, concomitant medication with various drugs with rivastigmine does not
seem to cause any drug interactions in patients with Alzheimer’s disease.Tacrine,
donepezil and galantamine are metabolised via the cytochrome P450 (CYP) liver
enzymes. Active metabolites are known for tacrine and galantamine. Rivastigm-
ine is not metabolised via CYP enzymes, but via esterases and is excreted in the
urine.

Tacrine is associated with hepatotoxicity while other cholinesterase inhibitors
seem devoid this adverse effect. Increased liver enzyme values have been ob-
served in 49% of patients with Alzheimer’s disease treated with tacrine.
Rechallenge with tacrine reduces the incidence of elevated liver enzyme levels.
Peripheral cholinergic adverse effects are common for the cholinesterase inhibi-
tors, with a n incidence ranging between 7 to 30% For some cholinesterase in-
hibitors, such as rivastigmine, the cholinergic adverse effects such as nausea,
vomiting, dizziness, diarrhoea and abdominal pain can be reduced by slowing the
rate of dose titration.

Alzheimer’s disease is the most common form
of dementia and represents about 40 to 60% of late
onset dementia syndrome. It is a progressive and
costly disease that causes suffering over a long pe-
riod for both the patients and their families. The
disease is characterised by memory loss and other
cognitive symptoms producing occupational and

social disabilities. Genetic causes have been re-
ported to be involved in familial cases of Alz-
heimer’s disease but the disease probably has a
much more complex and heterogenous aetiol-
ogy.[1,2] Although a great deal of progress has been
made in recent years in further understanding the
genetical aberrations as well as the pathophysio-
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logical processes of Alzheimer’s disease, there is
still no cure for the disease.

Cognition is known to be dependent on several
mental functions, such as awareness, memory, lan-
guage, mental tempo and visuospatial function. It
is still an open question as to whether memory can
be improved by cognition-enhancing substances.

Transmitter replacement therapy is one of sev-
eral possible treatment strategies; others being
antiamyloid drugs, nerve growth factors, anti-
inflammatory drugs, and antioxidants.[3,4] The
cholinergic hypothesis claims that low levels of
acetylcholine lead to cognitive decline.[5] Cholin-
esterase inhibitors inhibit the metabolism of ace-
tylcholine and treatment with these drugs has so far
been the most fruitful treatment strategy in Alz-
heimer’s disease. Clinical experience with cholin-
esterase inhibitors, such as tacrine, indicates that
these compounds have positive effects on cogni-
tive function, especially in attention[6] and that
long term treatment also has effects on primary
memory, episodic memory, visuospatial ability and
psychomotor speed.[7-9]

Tacrine was the first cholinesterase inhibitor to
be approved for use in Alzheimer’s disease (in the
US in 1993 and in Europe in 1994). Modest pallia-
tive effects have been observed, as well as some
slowing or arresting of the disease course.[9-11] The
second cholinesterase inhibitor donepezil was ap-
proved in 1996 in the US and in 1997 in Europe,
and in 1998 rivastigmine was approved in several
European countries. Other cholinesterase inhibi-
tors, including galantamine (galanthamine), metri-
fonate and eptastigmine, are currently under clini-
cal evaluation.

The aim of this paper is to compare these cho-
linesterase inhibitors with respect to specificity of
cholinesterase inhibition, pharmacokinetic proper-
ties and metabolism, efficacy, tolerability and pos-
sible drug interactions.

1. Evaluation of Drug Treatment
Efficacy in Alzheimer’s Disease

Because of the genetic, biological and clinical
heterogeneity of Alzheimer’s disease it can be as-

sumed that a specific treatment strategy may not be
helpful for all patients. Patients may show different
rates of progression of deterioration during the
course of the untreated disease. The disease in-
volves changes not only in cognition but also in
behaviour, social and overall global functioning.
Different types of outcome measures have been
used in clinical trials to evaluate improvement and
measure the effect of treatment with cholinesterase
inhibitors. The cognitive tests include the Mini-
Mental State Examination and the Alzheimer’s
Disease Assessment Scale, while other scales, such
as the clinician’s global assessment of severity,
change, behavioural ratings and functional scales,
have also been used.[12] A valuable complement to
these scales are studies of the functional effects of
therapies on the brain as evaluated by neuro-
psychological measurements, electroencephalo-
gram (EEG), and imaging techniques including
positron emission tomography and single photon
computed emission tomography.[13]

2. Acetylcholinesterase and
Butyrylcholinesterase in the Brains of
Patients with Alzheimer’s Disease

Human brain cholinesterases can be divided
into acetylcholinesterases and butyrylcholinester-
ases and these are expressed in at least 6 different
molecular forms: globular monomers (G1), dimers
(G2) and tetramers (G4) of catalytic subunits and
asymmetric molecules with 1, 2 or 3 tetramers (A4,
A8, A12) coupled to a 3-stranded collagen-like
coiled structure.[14,15] The most abundant form of
acetylcholinesterase is the extracellular G4 molec-
ular form but the cytosolic G1 form is also present
in a smaller amount in the brain.[16] Acetylcholin-
esterase has also been found in erythrocytes while
high levels of butyrylcholinesterase, also known as
pseudo or nonspecific cholinesterase, is found in
serum.

The activity of acetylcholinesterase, and espe-
cially of the G4 form, has been reported to be de-
creased in the brains of patients with Alzheimer’s
disease.[17,18] Acetylcholinesterase has also been
detected in senile plaques and neurofibrillary tan-
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gles in the brains of patients with Alzheimer’s dis-
ease. The G4 form of acetylcholinesterase has been
suggested to be of the asymmetric type and may
accelerate β-amyloid formation.[15,19] The activity
of butyrylcholinesterase has been reported to be
increased in the brains of patients with Alzheimer’s
disease[17] as a consequence of reactive gliosis and
accumulation of butyrylcholinesterase on neuritic
plaques.[20]

Acetylcholinesterase levels in the ventricular or
lumbar cerebrospinal fluid (CSF) are lower in pa-
tients with Alzheimer’s disease compared with
age-matched controls.[21,22] An anomalous molec-
ular form of acetylcholinesterase has been found in
the CSF of patients with Alzheimer’s disease which
is a possible indication of changes in acetylcholin-
esterase at the molecular level.[23] Since the CSF
anomalous acetylcholinesterase has also been
found in individuals without dementia, it has been
speculated that this molecular form of acetylcho-
linesterase may be present in CSF before clinical
signs of dementia are observed.[24] This finding
may also explain the overlap in acetylcholinester-
ase activity in CSF seen between individuals with
and without dementia.[25]

Recently, attempts have been made to visualise
acetylcholinesterase activity in vivo using imaging
techniques. Pappata et al.,[26] using 11C-physostig-
mine and positron emission tomography, showed a
regional distribution of acetylcholinesterase in the
human brain. Recently, by using 11C-N-methyl-4-
piperidyl acetate, Iyo et al.[27] demonstrated re-
duced acetylcholinesterase activity in vivo in pa-
tients with Alzheimer’s disease, especially in
cortical brain regions, compared with control indi-
viduals.

3. Molecular and Functional Properties
of Cholinesterase Inhibitors

The different molecular structures of various
cholinesterase inhibitors (fig. 1) make them differ-
ently selective for acetylcholinesterase and
butyrylcholinesterase. Tacrine and physostigmine
have demonstrated reasonably equal potency for
inhibiting acetylcholinesterase compared with in-

hibiting butyrylcholinesterase and are therefore
considered as rather unselective cholinesterase in-
hibitors. Other cholinesterase inhibitors, including
donepezil and rivastigmine, appear to be more se-
lective for acetylcholinesterase compared with
butyrylcholinesterase (table I). The cholinesterase
inhibitors can also be characterised as reversible,
e.g. donepezil, tacrine and galantamine, or irre-
versible, e.g. metrifonate, as well as competitive,
e.g. galantamine, or noncompetitive, e.g. tacrine
and donepezil, in nature.

The strategy behind using cholinesterase inhib-
itors for Alzheimer’s disease is to improve cholin-
ergic synaptic function by elevating the acetylcho-
line content of the synaptic cleft and thereby
augmenting the function of the cholinergic recep-
tors. In vitro studies have indicated that cholines-
terase inhibitors such as physostigmine and tacrine
can enhance the potassium-induced acetylcholine
release from cortical tissue slices taken at autopsy
from patients who had had Alzheimer’s disease.[28]

Interestingly, the release of acetylcholine was de-
creased in autopsy brain tissue from patients with-
out Alzheimer’s disease in the presence of similar
concentrations of the cholinesterase inhibitors.[28]

This finding illustrates that the effect of cholines-
terase inhibitors can be different in the brains of
healthy individuals and patients with Alzheimer’s
disease.

Depending on the amount of acetylcholine in
the synaptic cleft, an increase or decrease of the
level of the transmitter can be obtained in the pre-
sence of cholinesterase inhibitors.[29] Low levels of
acetylcholine present in the synaptic cleft (as is the
case in patients with Alzheimer’s disease) trigger
the facilitatory presynaptic muscarinic M1 recep-
tors to increase the release of acetylcholine into the
synaptic cleft.[29]

Tacrine has been shown to have a variety of
pharmacological actions including inhibition of
the uptake as well as increase in the release of sev-
eral neurotransmitters, increase in the synthesis of
acetylcholine and directly binds to muscarinic and
nicotinic receptors and ion channels.[30] Whether
these various pharmacological effects are exerted
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by other cholinesterase inhibitors has not been ex-
plored extensively. Physostigmine has demon-
strated less affinity for muscarinic and nicotinic
receptors than tacrine.[28] Interestingly, several
cholinesterase inhibitors, including tacrine, galan-
tamine and donepezil, have been shown to bind to
an allosteric site on the nicotinic acetylcholine re-
ceptor and this may be of importance for clinical
efficacy.[31-33]

Increasing levels of acetylcholine due to cholin-
esterase inhibition may regulate in the formation
of amyloid precursor proteins. Studies in animals
and cell lines indicate that treatment with different
cholinesterase inhibitors including tacrine, physo-
stigmine, eptastigmine and metrifonate can en-
hance the release of non-amyloidogenic deriva-

tives of amyloid precursor protein and prevent β-
amyloid accumulation.[34-38] Both tacrine and
donepezil have been found to attenuate β-amyloid
neurotoxicity in cell lines.[38]

4. Tacrine

Tacrine causes an allosteric reversible inhibi-
tion of acetylcholinesterase and butyrylcholin-
esterase by interacting with a hydrophobic region
near the anionic α and γ site of the enzyme.[39] A
60% inhibition of acetylcholinesterase in red blood
cells and a 40% inhibition of cholinesterase in
plasma were measured in patients receiving tacrine
160 mg/day,[40] the highest recommended clinical
daily dose.
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Fig. 1.  Chemical structures of cholinesterase inhibitors tacrine, donepezil, galantamine (galanthamine), metrifonate, physostigmine,
eptastigmine and rivastigmine.
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4.1 Pharmacokinetics

The pharmacokinetic properties of tacrine have
been studied following the administration of a sin-
gle dose and after long term treatment.[40-48] Inter-
individual variations in tacrine pharmacokinetic
parameters have been reported.[30] The bioavaila-
bility of tacrine has been found to range from 17 to
37%[41,43,45,48] (table II). Time to reach maximal
plasma concentration (tmax) in the blood was 1 to 2
hours following oral administration of tacrine 10 to
50mg to patients with Alzheimer’s disease.[40,43-46]

The absorption is decreased by concomitant intake
of food. The elimination half-life for tacrine is 1.3
to 7 hours in patients with Alzheimer’s dis-
ease.[40,41,43,45]

A positive correlation has been observed be-
tween tacrine concentration and cholinesterase in-
hibition in plasma.[40] The therapeutic window for
tacrine has been suggested to range between 7.5
and 20µg/L.[49] Tacrine has been shown to be 75%
bound to plasma albumin. It is metabolised in the
liver by the cytochrome P450 (CYP) isoenzymes
CYP1A2 and CYP11D6 and 5 metabolites have
been found in serum and urine.[30,50]The major me-
tabolite is 1-hydroxy-tacrine, which is present in
plasma and CSF at a concentration that is 10 times
higher than that of tacrine.[9] This metabolite can
inhibit cholinesterase and exerts clinical effects on
its own.[51]

Higher plasma concentrations of tacrine have
been reported in women[49] compared with men.
This difference might be due to the lower activity
of the CYP1A2 isoenzyme in women. A lower tac-
rine concentration has been reported in smokers
compared with nonsmokers and this might be ex-
plained by the fact that smoking induces CYP1A2
activity.[50]

4.2 Administration Regimens

Tacrine is usually administrated 4 times daily
starting at an initial dosage of 40 mg/day and in-
creased every 6 weeks up to a maximal dosage of
160 mg/day. New labelling for the agent indicates
that the dosage of tacrine can be increased after 4
weeks at each dosage level. Since some patients
may not be able to tolerate the highest dosage of
tacrine, titration to their maximum tolerated dos-
age is recommended.[50,52]

4.3 Interactions

Theophylline is metabolised via CYP1A2 and
concomitant administration of tacrine and theo-
phylline results in a 2-fold increase in theophylline
concentration.[30,50] Cimetidine inhibits the meta-
bolism of tacrine in the elderly and increases the
plasma concentration of tacrine.[30,50]

Table I. A comparison of cholinesterase inhibition and percent of cholinergic adverse events between different cholinesterase inhibitors (see
sections 3 to 11 for details and references)

Cholinesterase
inhibitors

Cholinesterase inhibition
(AChE vs BuChE)

Maximal inhibition of
RBC AChE (%)

RBC AChE
inhibition (%)
achieved with
therapeutic dosages

Administration
(times/day)

Cholinergic adverse
events (% of treated
patients)

Tacrine BuChE = AChE 60 30 4 10-30

Donepezil AChE >> BuChE 90 64 1 10

Galanthamine AChE > BuChE 30-60 3 4-20

Metrifonate AChE = BuChE 62-72 50-70 1 7-18

Physostigmine AChE > BuChE 70 2 7-40

Eptastigmine BuChE = AChE 18-44 38 2 or 3 34

Rivastigmine AChE > BuChE 40a 2 <20

a 62% CSF AChE inhibition.

AChE = acetylcholinesterase; BuChE = butyrylcholinesterase; RBC = red blood cell; = = equal inhibition; > = stronger inhibition; >> = much
stronger inhibition.
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4.4 Adverse Effects

4.4.1 Liver Toxicity
The most important adverse effect of tacrine is

liver toxicity. The hepatotoxic effects of tacrine
have been reviewed by Watkins et al.[53] who
summarised data from 6 multicentre trials involv-
ing 2446 patients. Increases in serum alanine ami-
notransferase (ALT) levels occurred in 49% of pa-
tients with Alzheimer’s disease treated with
tacrine.[53] The ALT level increased to 3 times the
upper limit of normal in 25% of the patients; 8%
of the patients had ALT values that were 10 or more
times the upper limit of normal. However, this in-
crease in ALT level is mainly asymptomatic, al-
though fatigue, fever and eosinophilia occurred
more frequently in patients with ALT levels 10 or
more times the upper level of normal. Three pa-
tients underwent liver biopsies, which showed lob-
ular hepatitis. The mean interval from initiation of
tacrine treatment to ALT level elevations to 3 times
the upper limit of normal was 50 days and the ALT
levels increased mainly during the first 12 weeks
of treatment. When patients were rechallenged
with tacrine, 30% of them experienced another in-
crease in ALT levels.[53] 72% of patients who did
not experience an elevation in ALT levels follow-
ing rechallenge were found to be able to tolerate
higher dosages than those that caused the initial
increase in ALT levels.[53]

4.4.2 Other Adverse Effects
Relatively higher plasma concentrations of tacr-

ine have been reported in patients developing ad-
verse effects related to tacrine.[49] The most com-
mon adverse events experienced by patients with
Alzheimer’s disease receiving tacrine relate to the
gastrointestinal system. In a randomised, control-
led trial of tacrine in patients with 410 Alzheimer’s
disease, nausea and vomiting were experienced by
35% of patients, diarrhoea by 18%, anorexia by
12%, dyspepsia by 11% and abdominal pain by
9%, following 30 weeks of treatment with tacrine
80 to 160 mg/day.[52] Of the patients, 16% with-
drew from the study because of gastrointestinal
complaints.[52] The gastrointestinal adverse effects
of tacrine can be somewhat diminished by concom-
itant administration of food.

The safety of tacrine, as observed in 2706 pa-
tients with Alzheimer’s disease in clinical trials
and 9861 patients with Alzheimer’s disease in a
treatment investigational new drug (TIND) pro-
gramme, was recently overviewed.[54] 398/2706
(15%) patients who had been treated with tacrine
experienced an adverse effect that was classified as
serious. 461 (17%) patients were withdrawn from
treatment due to adverse effects and transaminase
level elevations accounted for almost half of these
withdrawals. 24% of the patients (2404 patients) in
the TIND programme were withdrawn from treat-
ment. 10% of the TIND patients were withdrawn

Table II.  Pharmacokinetic profile of different cholinesterase inhibitors in patients with Alzheimer’s disease (see sections 3 to 11 for details
and references)

Cholinesterase
inhibitor

Bioavailability
(%)

tmax (h) Elimination
t1⁄2 (h)

Effect of
food

Metabolism Excreted via urine (%)

Tacrine 17-37 1-2 1.3-7 Yes CYP1A2, CYP2D6 (5
metabolites, 1 of which is active)

<3

Donepezil 100 3-5 70-80 None CYP2D6, CYP3A4 17
Galantamine
(galanthamine)

85 1 6 NDA CYP2D6 (4 metabolites, 1 of
which is active)

50a

Metrifonate NDA 0.5 2.3 NDA Not via CYP450 80
Physostigmineb 3-8 0.6 0.3 NDA Not via CYP450 NDA
Eptastigmine NDA 1-1.4 12.1 NDA NDA NDA
Rivastigmine 40 0.5-2 0.6-2 Yes Not via CYP450 (1 metabolite) Mainly (via the metabolite

NAP 226-90)
a 25% unchanged and 25% metabolised.
b Healthy volunteers; no data available for patients with Alzheimer’s disease.
CYP = cytochrome P450; NDA = no data available; tmax = time to reach maximum concentration;  t1⁄2 = half-life;
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from treatment due to elevations in ALT levels, 6%
for symptoms due to involvement of digestive sys-
tems and 6% related to CNS effects including agi-
tation, confusion, hallucinations. 3% of patients
(81 patients) in the TIND programme died, but
only 2 of the 81 deaths were considered possibly
related to tacrine treatment.

5. Donepezil

Donepezil is a reversible specific piperidine ac-
etylcholinesterase inhibitor that primarily has a
noncompetitive inhibitory action but also has some
competitive characteristics (mixed inhibitor).[55,56]

5.1 Pharmacokinetics

The pharmacokinetic properties of donepezil
have been studied following administration of a
single dose and tmax was found to be 3 to 5 hours
(table II).[57,58] Maximal plasma concentrations of
9.1 and 25.6 µg/L were obtained following admin-
istration of single oral doses of donepezil 5 and
10mg, respectively. Steady-state concentrations
were obtained following 15 days of treatment.[58]

When donepezil was administered in dosages of
3 or 5mg once daily for 21 days the plasma con-
centrations were 18.2 and 30.2 µg/L, respec-
tively.[57,59]

The inhibition of red blood cell acetylcholines-
terase by 64% was reported following 6 weeks
treatment with donepezil 5 mg/day while the cor-
responding inhibition with 10 mg/day was 77%.[60]

During long term treatment with donepezil for 192
weeks, acetylcholinesterase inhibition up to 90%
was measured at a plasma concentration of 75
µg/L[61] following administration of donepezil 10
mg/day.

The elimination half-life of donepezil has been
estimated to be 70 to 80 hours[59] and the mean
apparent plasma clearance has been estimated at
0.13 L/h/kg. A longer half-life of donepezil has
been observed in the elderly compared with young
adults although no difference in pharmacokinetics
was observed between healthy older volunteers
and patients with Alzheimer’s disease.[58,59,62]

Donepezil is extensively bound to proteins
(96%) with 75% bound to albumin and 21% bound
to α1-acid glycoproteins.[58] Donepezil is metabo-
lised by CYP2D6 and CYP3A4 and glucuronidised
with about 17% of the dose excreted unchanged in
the urine.[58]

5.2 Administration Regimens

Donepezil is recommended to be given once
daily, initially at a dose of 5mg for at least 4 to 6
weeks. Thereafter, the dosage can be increased to
10 mg/day.

5.3 Interactions

No effect of food on the absorption of donepezil
has been reported. Administration of cimetidine,
digoxin, theophylline or warfarin has not been
found to significantly change the pharmacokinetics
of donepezil.[59] Donepezil 0.3 to 10 mg/L has not
been found to influence the in vitro binding of fu-
rosemide (frusemide) 5 mg/L, digoxin 2 µg/L or
warfarin 3 mg/L, to albumin. It is possible that in-
ducers of CYP2D6 and CYP3A4, for example
phenytoin, carbamazepine, dexamethasone, rifam-
picin and phenobarbital (phenobarbitone), may po-
tentially increase the elimination of donepezil, but
more studies need to be performed to clarify this
issue.[58] The outcome of donepezil treatment in
patients with deficiencies of the isoenzymes
CYP2D6 and CYP3A4 is unknown.

5.4 Adverse Effects

Donepezil shows cholinergic adverse effects
and the most frequent adverse effects related to
donepezil are gastrointestinal adverse effects and
dizziness. No liver toxicity has been reported fol-
lowing up to 192 weeks of donepezil treatment.[61]

The most common adverse events seen in a 24-
week, double-blind, placebo-controlled trial of
donepezil 10 mg/day in 316 patients with Alz-
heimer’s disease were nausea (experienced by 17%
of donepezil recipients versus 4% of placebo recip-
ients), diarrhoea (17 versus 7%), gastric upset (10
versus 2%), dizziness (8 versus 4%), muscle
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cramps (8 versus 1%).[60] The frequency of adverse
effects of donepezil was generally lower at the 5
mg/day dosage (diarrhoea 9%, nausea 4%, vomit-
ing 3%, dizziness 10%, muscle cramps 6%). In an
open study of donepezil up to 10 mg/day in 133
patients with mild to moderate Alzheimer’s disease
administered for 192 weeks, 83% of the patients
experienced adverse events that were mainly of a
mild and transient nature on at least one occa-
sion.[61] However, 79% of these events were con-
sidered not to be related to donepezil but to be re-
lated to the patient’s underlying Alzheimer’s
disease.

6. Galantamine (Galanthamine)

Galantamine is a phenanthrene alkaloid similar
to codeine which was isolated from the European
daffodil or common snowdrop, Galanthus nivalis.
Galantamine is a reversible inhibitor of acetylcho-
linesterase with a competitive action. This means
that the degree of inhibition caused by galantamine
does not depend on the absolute concentration of
the agent but more on the relationship between the
inhibitor and the substrate concentration. 30 to
60% inhibition of red blood cell acetylcholinester-
ase is obtained 30 to 45 minutes following oral
doses of galantamine, and the inhibitory effect of
galantamine on red blood cell acetylcholinesterase
is greater than its effect on butyrylcholinesterase
(table I).[63]

6.1 Pharmacokinetics and Dosage

Galantamine is readily absorbed after oral ad-
ministration with a bioavailability of 85% (table
II). Following oral administration, tmax is 52 min-
utes with a plasma elimination half-life of 5.7
hours and a total plasma clearance of 0.34 L/h/kg
in young healthy volunteers.[64] A 30% lower
plasma half-life and clearance was observed in pa-
tients with Alzheimer’s disease.[64] A positive cor-
relation has been observed between the concen-
tration of galantamine in red blood cells and
acetylcholinesterase inhibition.[63] Galantamine
does not bind to plasma proteins.[64]

Sanguinine (O-demethyl-galantamine) is a me-
tabolite of galantamine formed by CYP2D6 and it
can account for up to 20% of administered
galantamine.[63] Interestingly, sanguinine has been
reported to be 3 times more potent than galantam-
ine as an acetylcholinesterase inhibitor.[63] 50% of
the administered dose of galantamine has been
found in urine 72 hours after administration; 25%
is excreted unchanged and 25% is metabolised
(table II).[64]

A galantamine dosage of 10mg 3 times daily is
recommended.

6.2 Adverse Effects

No liver toxicity has been reported with
galantamine. Nausea was reported to occur in 21,
29 and 63% of 141 patients with Alzheimer’s dis-
ease who were receiving galantamine 29.4, 34.7
and 37.9 mg/day for 13 weeks, respectively.[65]

Other symptoms such as diarrhoea, abdominal
cramp and anorexia were observed in less than 4%
of the patients.[65]

7. Metrifonate

Metrifonate is a prodrug of dichlorvos (2,2-
dichlorvinyl dimethyl phosphate or DVVP) and
undergoes spontaneous dehydrochlorination.[66]

Metrifonate is an irreversible acetylcholinesterase
inhibitor with a biphasic effect. Initially, it inter-
acts competitively with the enzyme and then this
changes to noncompetitive inhibition with pro-
gressive phosphorylation of the enzyme esteratic
site.[67] Metrifonate can be characterised as a
pseudoirreversible cholinesterase inhibitor. It in-
hibits both acetylcholinesterase and butyryl-
cholinesterase[68] to a similar extent.[69]

7.1 Pharmacokinetics and Dosage

Metrifonate is readily absorbed after oral ad-
ministration. Following administration of a single
dose of 7.5 mg/kg to patients with Alzheimer’s dis-
ease, tmax was 26 minutes.[70] An elimination half-
life of 2.3 hours with an apparent oral clearance of
0.34 L/h/kg has been obtained for metrifonate in
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healthy volunteers, with similar estimations in pa-
tients with Alzheimer’s disease.[70,71] It is esti-
mated that 2% of metrifonate reaches the brain as
dichlorvos.[71] Red blood cell acetylcholinesterase
was inhibited by 62 to 72% following 28 days of
treatment with metrifonate at a maintenance dos-
age of 0.4 to 0.7 mg/day in patients with Alz-
heimer’s disease.[68] Recently Becker et al.[69] re-
ported a 60% inhibition of red blood cell
acetylcholinesterase and plasma butyrylcholin-
esterase following 6 months’ treatment with
metrifonate. Acetylcholinesterase in CSF was re-
ported to be inhibited by 37 and 47% in 2 patients
with Alzheimer’s disease following administration
of metrifonate 5 mg/kg/week.[72] Metrifonate is
mainly eliminated via the urine (80%).[68]

Metrifonate is given orally once daily. The
maintenance dosage has been estimated to be 0.64
mg/kg/day.[68]

7.2 Adverse Effects

Metrifonate is hydrolysed to an active com-
pound and has been shown to interact with the CYP
system. No liver function abnormalities have been
reported for metrifonate.

Nausea, vomiting, abdominal discomfort, diar-
rhoea, weakness and leg cramps have been reported
following treatment with metrifonate.[68] In a double-
blind, placebo-controlled study, involving 273 pa-
tients treated with metrifonate 0.65 mg/kg/day and
135 placebo patients treated for 26 weeks, 12% of
metrifonate-treated patients discontinued treat-
ment because of adverse effects compared with 4%
of placebo-treated patients.[73] Adverse effects fol-
lowing metrifonate treatment were considered
mild to moderate in intensity and the occurrence of
adverse events was 7 to 18% in the metrifonate-
treated group compared with 1 to 8% in the placebo-
treated group.[73] No correlation has been observed
between adverse events and acetylcholinesterase
inhibition.[68]

Diarrhoea was the most common adverse effect
(experienced by 18% of metrifonate recipients)
and this effect was assumed to be caused by over-
stimulation of the intestinal muscarinic receptors.

Leg cramps were experienced by 9% of metrifon-
ate recipients and they were assumed to occur be-
cause of excessive activation of nicotinic receptors
at the neuromuscular junction.[73] Interestingly,
polyneuropathy has been reported in patients after
exposure to large doses of metrifonate taken acci-
dentally or intentionally.[74] An experimental study
with cholinesterase inhibitor intoxication has indi-
cated that the contractions of the trachea requires
inhibition of both acetylcholinesterase and butyryl-
cholinesterase.[75] Since some patients in clinical
trials with metrifonate have experienced muscle
weakness, the manufacturer of metrifonate, Bayer,
has recently suspended phase III trials of this
agent.[76]

8. Physostigmine

Physostigmine is a tertiary amine with lipo-
philic properties which acts as a reversible inhibi-
tor of both acetylcholinesterase and butyryl-
cholinesterase.

8.1 Pharmacokinetics and Administration

The pharmacokinetic properties of physostig-
mine following oral administration are charac-
terised by high first-pass metabolism and a short
elimination half-life which restricts its therapeutic
use.[77] Physostigmine is available as controlled-
release tablets and transdermal systems have been
developed.[78,79] Following the intravenous infu-
sion of physostigmine salicylate 2mg to healthy
young volunteers tmax was 4.2 hours, plasma half-
life was 0.5 hours and elimination clearance was
5.7 L/min.[79] Corresponding values for oral solu-
tion and transdermal patches (containing physo-
stigmine 30mg base) were tmax 0.6 and 14.1 hours,
and plasma half life of 0.3 and 4.9 hours, respec-
tively.[79]

Physostigmine has been reported to cause an in-
hibition of acetylcholinesterase of up to 70% in red
blood cells.[80] Physostigmine is known to be rap-
idly metabolised by nonspecific esterases in
blood[81] and the absolute bioavailability has been
estimated to be 3 to 8%.[79,82]
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Controlled-release physostigmine salicylate
12mg is given orally twice daily.[78]

8.2 Adverse Effects

Physostigmine has not been reported to produce
hepatotoxicity.[78] Nausea and vomiting was re-
ported in 40% of 183 patients with Alzheimer’s
disease treated with physostigmine salicylate 10 to
30mg for 10 weeks in a double-blind, placebo-
controlled study.[78] Other adverse events experi-
enced by physostigmine-treated patients in this
study were diarrhoea (12.6% of patients), anorexia
(10.9%) and dizziness (10.9%); these effects oc-
curred in  1 to 4% of placebo-treated patients.

9. Eptastigmine

Eptastigmine (heptylphysostigmine) is a carba-
mate derivative of physostigmine which reversibly
inhibits acetylcholinesterase and butyrylcholin-
esterase (table I).

9.1 Pharmacokinetics and Administration

The plasma concentration of eptastigmine in-
creased in a dose-related manner following admin-
istration of single doses of eptastigmine 10 to
30mg.[83] Following administration of a single
dose of eptastigmine tmax was found to be 1 to 1.4
hours and the peak concentration was 0.86
µg/L.[83,84] The distribution half-life was 0.44
hours in elderly volunteers receiving an oral dose
of eptastigmine 30mg and the elimination half-life
was found to be 12.1 hours.[84]

Peak enzyme inhibition of acetylcholinesterase
in red blood cells (15 to 35%) was obtained 3 to
3.6 hours after oral administration of a single dose
of eptastigmine 10 to 30mg.[85] Oral administration
of eptastigmine 12 to 28mg 3 times daily for 14
days resulted in a 18 to 44% inhibition of acetyl-
cholinesterase.[86] Plasma concentration of eptas-
tigmine was found to be inversely correlated to the
acetylcholinesterase activity in red blood cells but
not to butyrylcholinesterase activity in the
plasma.[84]

In clinical trials, eptastigmine has been admin-
istered orally at a dosage of 30 to 60 mg/day given
in 2 or 3 divided doses.

9.2 Adverse Effects

No hepatotoxicity is known to occur with
eptastigmine. 34% of patients with Alzheimer’s
disease treated with eptastigmine 40 or 60 mg/day
for 4 weeks reported adverse events mainly of a
cholinergic nature such as nausea, vomiting,
bradycardia and ventricular extrasystoles.[87] In
these patients, the inhibition of acetylcholinester-
ase in red blood cells at steady state was high
(70%).[87]

A decrease in the number of neutrophils in pe-
ripheral blood was reported in 10 patients treated
with eptastigmine 30 to 45 mg/day for 25 weeks
compared with 1 patient in the placebo group.[83]

Recently, the manufacturer of eptastigmine sus-
pended all clinical development studies involving
this agent because 2 patients in a clinical trial in-
volving 2000 patients developed aplastic anae-
mia.[88]

10. Rivastigmine

Rivastigmine is considered a ‘pseudoirreversi-
ble’ acetylcholinesterase inhibitor that forms a car-
bamoylated complex with the enzyme.[89] Riva-
stigmine has been reported to selectively inhibit
acetylcholinesterase rather than butyrylcholin-
esterase in the brain.[89] Recently, Cutler et al.[90]

observed that rivastigmine inhibits both acetylcho-
linesterase and butyrylcholinesterase in the CSF to
a similar extent.

10.1 Pharmacokinetics and Administration

Rivastigmine is rapidly absorbed following oral
administration with a tmax of 0.5 to 2 hours.[91]

Rivastigmine is 40% bound to plasma proteins and
rapidly eliminated (elimination half-life 0.6 to 2
hours).[90,91] Administration of the drug after in-
take of food has been reported to reduce tmax by
30%.[92] Medication given concomitantly to pa-
tients with Alzheimer’s disease including antacids,
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β-blockers, calcium antagonists, estrogens, anti-
anginals, benzodiazepines and antidiabetics have
not shown any interactions with rivastigmine.
Rivastigmine has been reported to selectively in-
hibit the G1 isozyme of acetylcholinesterase in
brain.[93] An oral dose of rivastigmine 3mg was ob-
served to inhibit acetylcholinesterase in CSF by
40% with minimal effect on cholinesterase in the
plasma.[94] Rivastigmine is rapidly metabolised
and one metabolite, named NAP 226-90, has been
found in the CSF, plasma and urine.[95] As the me-
tabolite of rivastigmine appears to be reduced in
patients with renal and mild to moderate hepatic
impairment, dosage recommendations to titrate ac-
cording to individual tolerability should be closely
followed in these patients.[95] Rivastigmine is inac-
tivated by cleavage to a phenolic product during
the process of inhibiting acetylcholinesterase and
is excreted via the kidneys.[92]

Clinical studies have shown that the best main-
tenance dose for rivastigmine is 6 to 12 mg/day
given as 2 divided doses.[91]

10.2 Adverse Effects

Rivastigmine is not metabolised via the CYP
system and to date no hepatotoxicity has been ob-
served. Treatment with the maximal dosage of
rivastigmine of 12 mg/day to 235 patients with Alz-
heimer’s disease for 26 weeks resulted in adverse
events in <20% of patients. Those that were ob-
served were nausea (20%), vomiting (16%), dizzi-
ness (14%) and dyspepsia (5%).[96] When the data
from 3006 patients treated with rivastigmine and
985 patients treated with placebo were summarised
regarding adverse effects, it was observed that the
most common adverse effect was nausea (40% in
the treatment group versus 10% in the placebo
group) followed by  vomiting (24 versus 7%), diz-
ziness (20 versus 10%).[95] The cholinergic adverse
effects correlated better to the metabolite NAP-
226-90 than to the mother compound. Similarly the
area under the curve (AUC) of acetylcholinesterase
activity was most closely correlated with the CSF
AUC of the metabolite. When the dose titration is

performed slowly and the drug is given together
with food, less adverse effects are observed.[95]

11. Clinical Efficacy of Cholinesterase
Inhibitors in Alzheimer’s Disease

The clinical efficacy of the different cholines-
terase inhibitors in Alzheimer’s disease cannot be
compared directly across trials since each trial used
slightly different entry criteria and different popu-
lations, were performed at different centres and
sometimes also used different outcome assess-
ments. Thus, a direct comparison of the efficacy of
the different cholinesterase inhibitors is impossible
except in head to head clinical trials.

The cholinesterase inhibitors generally appear
to produce symptomatic effects in patients with
Alzheimer’s disease following different lengths of
treatment (table III). The clinical efficacy in drug
trials has revealed an improvement in the Alz-
heimer’s Disease Assessment Scale – Cognitive
Subscale score (ADAS-cog) varying between 1.8
to 4.9 points compared with placebo (table III). The
cholinestesterase inhibitors appear to have effect
on cognition but also beneficial effects on
behavioural abnormalities, including apathy, anxi-
ety and delusions.[97]

A significant correlation has been reported be-
tween change in ADAS-cog and acetylcholinester-
ase inhibition in red blood cells.[62] The maximal
inhibition of acetylcholinesterase for various cho-
linesterase inhibitors ranges between 40 to 90%
(table I). Cholinesterase inhibitors causing mild
peripheral cholinergic adverse effects are used in
therapeutic dosages that cause greater acetylcho-
linesterase inhibition in red blood cells (50 to 70%)
than those with pronounced peripheral adverse ef-
fects (30%). For some of the cholinesterase inhib-
itors, e.g. physostigmine, eptastigmine and
metrifonate an inverse U-shaped relationship be-
tween acetylcholinesterase inhibition and cogni-
tive effect has been reported.[98] Thus eptastigmine
has been shown to have maximal clinical efficacy
at 40% red blood cell acetylcholinesterase inhibi-
tion.[99] In preclinical studies, tacrine also has been
shown to have a U-shaped dose-response[29,30]
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which may be difficult to observe clinically since
the peripheral adverse effects limit the use of
higher doses.

There is support for existence of persistent long
term effects of cholinesterase inhibitors and that
treatment with cholinesterase inhibitors may delay
nursing home placement.[4,61] The outcome of
treatment may have significant importance for
both patient and care-giver. However, additional
long term studies need to be performed using sev-
eral cholinesterase inhibitors and focusing on both
clinical effects and tolerability aspects in patients
with Alzheimer’s disease. Of interest for future
study are additional indications for the use of cho-
linesterase inhibitors, for example the possible
treatment of acute confusion in elderly.

12. Conclusions

Three cholinesterase inhibitors, tacrine, done-
pezil and rivastigmine, have been approved for use
in Alzheimer’s disease in Europe and two, tacrine
and donepezil have been approved in the US. They
differ in their risk of liver toxicity and peripheral
adverse effects while the clinical efficacy has been
found to be similar. Some other cholinesterase in-
hibitors are presently undergoing clinical evalua-
tion and probably 2 to 3 additional agents will soon
come into clinical use in the treatment of Alz-
heimer’s disease.

It is reasonable to assume that cholinesterase
inhibitors with few adverse effects and long half-
lives, allowing once or twice daily administration,
will be preferred in the future by the clinicians. So
far, the different cholinesterase inhibitors appear
rather consistent regarding effect size on cognitive
measures. It has been noted that the degree of cho-
linesterase inhibition is not always directly corre-
lated to the outcome treatment effect. The possibility
of tolerance phenomena regarding cholinesterase
inhibition following longer term treatment (i.e. in
the order of years) has yet to be evaluated. Signs
of upregulation of the acetylcholinesterase enzyme
after long term cholinesterase inhibitor treatment
have been observed in patients with Alzheimer’s
disease treated with tacrine (A. Nordberg, unpub-
lished observations). The enhanced acetylcholin-
esterase activity in the CSF of patients with Alz-
heimer’s disease after 12 months of tacrine
treatment is supported by experimental data sug-
gesting that exposure to cholinesterase inhibitors
increases acetylcholinesterase gene expres-
sion.[100,101]

Drug monitoring, including measurements of
plasma levels and cholinesterase inhibition in
blood and possibly the CSF, as well as the risk of
drug interactions have to be further investigated.
These factors may play an important role when
choosing between cholinesterase inhibitors.

Table III. A comparison of the clinical efficacy of different cholinesterase inhibitors in patients with Alzheimer’s disease (intention-to-treat/evalu-
able patient analysis results)

Cholinesterase inhibitor Daily dose Length of treatment ADAS-cog points difference
from placebo

Reference

Tacrine 80mg 12 wks 3.8 54

160mg 30 wks 4.1 52

Donepezil 5mg 24 wks 2.5 60

10mg 24 wks 2.9 60

Galantamine (galanthamine) 20-50mg 13 wks 3.1 65

Metrifonate 0.65 mg/kg 26 wks 2.9 73

Physostigmine 18-30mg 6 wks 1.8 78

Eptastigmine 40-60mg 25 wks 2.0 83

Rivastigmine 1-4mg 26 wks 1.9 96

6-12mg 26 wks 4.9 95, 96

ADAS-cog = Alzheimer’s Disease Assessment Scale – Cognitive Subscale score.
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The prospects for new treatment strategies in
Alzheimer’s disease have brightened considerably
during the recent years. Although existing therapy
is still mainly considered as a symptomatic therapy
with palliative effects on existing cognitive distur-
bances it might also have some effects on progres-
sion of the disease. Before a curative or preventive
treatment strategy is available for Alzheimer’s dis-
ease the development of cholinesterase inhibitors
with optimal efficacy and tolerability must be en-
couraged.

Acknowledgements

This study was supported by the Swedish Medical Re-
search Council (project no. 05817), Loo and Hans Os-
terman’s Foundation, Stiftelsen för Gamla Tjänarinnor,
Stohne’s Foundation.

References
1. Fratiglioni L. Epidemiology of Alzheimer’s disease. Acta Neu-

rol Scand 1993; Suppl. 87: 1-70
2. Masters CL, Beyreuther K. Alzheimer’s disease. BMJ 1998;

316: 446-8
3. Nordberg A. Pharmacological treatment of cognitive dysfunc-

tion in dementia disorders. Acta Neurol Scand 1996; Suppl.
168: 87-92

4. Knopman DS, Morris JC. An update on primary drug therapies
for Alzheimer’s disease. Arch Neurol 1997; 54: 1406-9

5. Nordberg A. Biological markers and the cholinergic hypothesis
in Alzheimer’s disease. Acta Neurol Scand 1992; Suppl. 139:
54-8

6. Lawrence AD, Sahakian BJ. Alzheimer’s disease, attention and
the cholinergic system. Alzheimer Dis Assoc Disord 1995; 9:
43-39

7. Amberla K, Nordberg A, Viitanen M, et al. Long-term treatment
with tacrine (THA) in Alzheimer’s disease-evaluation of neu-
ropsychological data. Acta Neurol Scand 1993; Suppl. 149:
55-7

8. Maltby N, Broe GA, Creasey H, et al. Efficacy of tacrine and
lecithin in mild to moderate Alzheimer’s disease: double blind
trial. BMJ 1994; 308: 879-83

9. Nordberg A, Amberla K, Shigeta M, et al. Long-term tacrine
treatment in three mild Alzheimer patients: effects on nico-
tinic receptors, cerebral blood flow, glucose metabolism, EEG
and cognitive abilities. Alzheimer Dis Assoc Disord 1998; 12:
228-37

10. Knopman DS, Schneider L, Davis K, et al. Long-term tacrine
(Cognex) treatment: effect on nursing home placement and
mortality. Neurology 1996; 47: 166-77

11. Minthon L, Nilsson K, Edvinsson L, et al. Long-term effect of
tacrine on regional cerebral blood flow changes in Alz-
heimer’s disease. Dementia 1995; 6: 245-51

12. Reisberg B, Burns A, Gauthier S, et al., editors. Outcome meth-
odologies for pharmacologic trials in mild, moderate, and se-
vere Alzheimer’s disease. Int Psychogeriatr 1996; 8: 155-344

13. Nordberg A. Functional studies of new drugs for the treatment
of Alzheimer’s disease. Acta Neurol Scand 1996; Suppl. 165:
137-44

14. Arendt T, Brückner MT, Lange M, et al. Changes in acetylcho-
linesterase and butyrylcholinesterase in Alzheimer’s disease
resemble embryonic development- a study of molecular
forms. Neurochem Int 1992; 3: 381-96

15. Kása P, Bakonczay Z, Gulya K. The cholinergic system in Alz-
heimer’s disease. Prog Neurobiol 1997; 52: 511-35

16. Ogane N, Giacobini E, Struble R. Differential inhibition of
acetylcholinesterase molecular forms in normal and Alz-
heimer disease brain. Brain Res 1992; 589: 307-12

17. Perry EK, Tomlinson BE, Blessed G, et al. Correlation of cho-
linergic abnormalities with senile plaques and mental test
scores in senile dementia. BMJ 1978; 2: 1457-9

18. Atack JR, Perry EK, Bronham JR, et al. Molecular forms of
acetylcholinesterase in senile dementia of Alzheimer’s type:
selective loss of the intermediate (10S) form. Neurosci Lett
1983; 40: 199-204

19. Inestrosa NC, Alvarez A, Perez CA, et al. Acetylcholinesterase
accelerates assembly of amyloid-β-peptides into Alzheimer’s
fibrils: possible role of the peripheral site of the enzyme. Neu-
ron 1996; 16: 881-91

20. Wright CI, Geula C, Mesulam MM. Neuroglial cholinesterases
in the normal brain and Alzheimers disease: relationship to
plaques, tangles and pattern of selective vulnerability. Ann
Neurol 1993; 34: 373-84

21. Appleyard ME, Smith AD, Berman P, et al. Cholinesterase ac-
tivities in cerebrospinal fluid of patients with senile dementia
of Alzheimer type. Brain 1987; 110: 1309-22

22. Sáez-Valero J, McLean CA, Masters C, et al. Glycosylation of
acetylcholinesterase as diagnostic marker for Alzheimer’s
disease. Lancet 1997; 350: 929

23. Navaratnam DS, Priddle JD, McDonald, et al. Anomalous mo-
lecular form of acetylcholinesterase in cerebrospinal fluid in
histopathological diagnosed Alzheimer’s disease. Lancet
1991; 337: 447-50

24. Shen ZX. An CSF anomalous molecular form of acetylcholin-
esterase in demented and non-demented subjects. Neu-
roreport 1997; 8: 3229-32

25. Shen ZX. CSF cholinesterase activity in demented and non-
demented subjects. Neuroreport 1998; 9: 483-8

26. Pappata S, Tavitian B, Traykov L, et al. In vivo imaging of
human acetylcholinesterase. J Neurochem 1996; 67: 876-9

27. Iyo M, Namba H, Fukushi K, et al. Measurement of acetylcho-
linesterase by positron emission tomography in the brains of
healthy controls and patients with Alzheimer’s disease. Lan-
cet 1997; 349: 1805-9

28. Nilsson L, Adem A, Hardy J, et al. Do tetrahydroaminoacridine
(THA) and physostigmine restore acetylcholine release in
Alzheimer brains via nicotinic receptors? J Neural Transm
1987; 70: 357-68

29. Svensson AL, Zhang X, Nordberg A. Biphasic effect of tacrine
on acetylcholine release in rat brain via M1 and M2 receptors.
Brain Res 1996; 726: 207-12

30. Wagstaff A, McTavish D. Tacrine: a review of its pharmacolog-
ical and pharmacokinetic properties and therapeutic potential
in Alzheimer’s disease. Drugs & Aging 1994; 4: 1-31

31. Pereira EFR, Alkondon M, Reinhardt S, et al. Physostigmine
and galanthamine: probes for a novel binding site on the a4β2
subtype of neuronal nicotinic acetylcholine receptors stably
expressed in fibroblast cells. J Pharmacol Exp Ther 1994;
270: 768-78

478 Nordberg & Svensson

 Adis International Limited. All rights reserved. Drug Safety 1998 Dec; 19 (6)



32. Svensson AL, Nordberg A. Tacrine interacts with an allosteric
activator site on a4β2 AChRs in M10 cells. Neuroreport 1996;
7: 2201-5

33. Svensson AL, Nordberg A. The acetylcholinesterase inhibitors
donepezil, galanthamine and NXX-066 interact differently
with the neuronal a4β2 nicotinic receptors in M10 cells. Br J
Pharmacol. In press

34. Lahiri DK, Lewis S, Farlow MR. Tacrine alters the secretion of
the beta-amyloid precursor protein in cell lines. J Neurosci
Res 1994; 37: 777-87

35. Mori F, Lai CC, Fusi F, et al. Cholinesterase inhibitors increase
secretion of APPs in rat brain cortex. Neuroreport 1995; 6:
633-6

36. Haroutunian V, Greig N, Pei XF, et al. Pharmacological modu-
lation of Alzheimer’s β-amyloid precursor protein levels in
the CSF of rats with forebrain cholinergic system lesions. Soc
Neurosci 1996; 22: 1169

37. Chong YH, Suh YH. Amyloidogenic processing of Alzheimer’s
amyloid precursor protein in vitro and its modulation by metal
ion and tacrine. Life Sci 1996; 59: 545-57

38. Svensson AL, Nordberg A. Tacrine and donepezil attenuate the
neurotoxic effect of Aβ (25-35) in rat PC12 cells. Neuroreport
1998; 9: 1519-22

39. Freeman SE, Dawson RM. Tacrine: a pharmacological review.
Prog Neurobiol 1991; 36: 257-77

40. Johansson M, Hellström-Lindahl E, Nordberg A. Steady-state
pharmacokinetics of tacrine in long-term treatment of Alz-
heimer patients. Dementia 1996; 7: 111-7

41. Hartvig P, Askmark H, Aquilonius SM, et al. Clinical pharma-
cokinetics of intravenous and oral 9-amino-1,2,3,4-
tetrahydroacridine, tacrine. Eur J Clin Pharmacol 1990; 38:
259-63

42. Hartvig P, Pettersson E, Wiklund L, et al. Pharmacokinetics and
effects of 9-amino-1,2,3,4-tetrahydroacridine in the immedi-
ate postoperative period in neurosurgical patients. J Clin An-
esth 1991; 3: 137-42

43. Forsyth DR, Wilcock GK, Morgan RA, et al. Pharmacokinetics
of tacrine hydrochloride in Alzheimer’s disease. Clin Phar-
macol Ther 1989; 46: 634-41

44. Cutler NR, Sedman AJ, Prior P, et al. Steady-state pharmacoki-
netics of tacrine in patients with Alzheimer’s disease. Psy-
chopharmacol Bull 1990; 26: 231-4

45. Åhlin A, Adem A, Junthé T, et al. Pharmacokinetics of
tetrahydroaminoacridine: relations to clinical and biochemi-
cal effects in Alzheimer patients. Int Clin Psychopharmacol
1992; 7: 29-36

46. Nybäck H, Nyman H, Öhman G, et al. Preliminary experiences
and results with THA for the amelioration of symptoms of
Alzheimer’s disease. In: Giacobini E, Becker R, editors. Cur-
rent Research in Alzheimer Therapy. New York: Taylor, Fran-
cis, 1988: 231-6

47. Selen A, Balogh L, Siedlik P, et al. Pharmacokinetics of tacrine
in healthy subjects. Pharmacol Res 1988; 5: S-218

48. Askmark H, Aquilonius S-M, Gillberg P-G, et al. Functional
and pharmacokinetic studies of tetrahydroaminoacridine in
patients with amyotrophic lateral sclerosis. Acta Neurol
Scand 1990; 82: 253-8

49. Ford JM, Truman CA, Wilcock GK, et al. Serum concentrations
of tacrine hydrochloride predict its adverse effects in Alz-
heimer’s disease. Clin Pharmacol Ther 1993; 53: 691-5

50. Samuels SC, Davies K. A risk-benefit assessment of tacrine in
the treatment of  Alzheimer’s disease. Drug Saf 1997; 16:
66-77

51. Murphy MF, Hardiman ST, Nash RJ, et al. Evaluation of HP
029 (velnacrine maleate) in Alzheimer’s disease. Ann N Y
Acad Sci 1991; 640: 253-62

52. Knapp MJ, Knopman DS, Solomon PR, et al. A 30-week ran-
domized controlled trial of high-dose tacrine in patients with
Alzheimer’s disease. JAMA 1994; 271: 985-91

53. Watkins PB, Zimmerman HJ, Knapp MJ, et al. Hepatotoxic
effects of tacrine administration in patients with Alzheimer’s
disease. JAMA 1994; 271: 992-8

54. Gracon SI, Knapp MJ, Berghoff WG, et al. Safety of tacrine:
clinical trials, treatment IND, and postmarketing experience.
Alzheimer Dis Assoc Disord 1998; 12: 93-101

55. Nochi S, Asakawa N, Saro T. Kinetic study on the inhibition of
acetylcholinesterase by 1-benzyl-4-[(5,6-dimethoxy-1-
indanon)-2-yl] methylpiperidine hydrochloride (E2020). Biol
Pharm Bull 1995; 18: 1145-7

56. Galli A, Mori F, Benini L, et al. Acetylcholinesterase protection
and the anti-diisopropylfluorophosphate efficacy of E2020.
Eur J Pharmacol Environ Toxicol Pharmacol 1994; 270: 183-
93

57. Rogers SL, Walters EJ, Friedhoff LT. The pharmacokinetics
(PK) and pharmacodynamics (PD) of E2020 (R,S)-1-benzyl-
4-(5,6-dimethoxy-1-indanon)-2-yl)-methylpiperidine hydro-
chloride) a novel inhibitor of acetylcholinesterase (AChE):
implications for use in the treatment of Alzheimer’s disease.
Neurobiol Aging 1992; 13: 496

58. Barner EL, Gray SL. Donepezil use in Alzheimer disease. Ann
Pharmacother 1998; 12: 70-7

59. Bryson HM, Benfield P. Donepezil. Drugs Aging 1997; 10:
234-9

60. Rogers SL, Farlow MR, Doody RS, et al. A 24 week, double-
blind, placebo-controlled trial of donepezil in patients with
Alzheimer’s disease. Neurology 1998; 50: 136-45

61. Rogers SL, Friedhoff LT. Long-term efficacy and safety of
donepezil in the treatment of Alzheimer’s disease: an interim
analysis of the results of a US multicentre open label exten-
sion study. Eur Neuropharmacol 1998; 8: 67-75

62. Rogers SL, Friedhoff LT, Donepezil Study Group. The efficacy
and safety of donepezil in patients with Alzheimer’s disease:
results of a US multicentre, randomized, double-blind, pla-
cebo-controlled trial. Dementia 1996; 7: 293-303

63. Rainer M. Galanthamine in Alzheimer’s disease: a new alterna-
tive to tacrine? CNS Drugs 1997; 7: 89-97

64. Kewitz H. Pharmacokinetics and metabolism of galanthamine.
Drugs Today 1997; 33: 265-72

65. Rainer M. Clinical studies of galanthamine. Drugs Today 1997;
4: 273-9

66. Holmstedt B, Nordgren I, Sandoz M, et al. Metrifonate: sum-
mary of toxicological and pharmacological information avail-
able. Acta Toxicol 1978; 41: 3-29

67. Hintz VC, Grewig S, Schmidt BH. Metrifonate induces cholin-
esterase inhibition exclusively via slow release of dichlorvos.
Neurochem Res 1996; 21: 331-7

68. Lamb HM, Faulds D. Metrifonate. Drugs Aging 1997; 11: 490-6
69. Becker RE, Colliver JA, Markwell SJ, et al. Effects of metrifon-

ate on cognitive decline in Alzheimer disease: a double-blind,
placebo-controlled, 6-months study. Alzheimer Dis Assoc
Disord 1998; 12: 54-7

70. Abdi YA, Villén T. Pharmacokinetics of metrifonate and its
rearrangement product dichlorvos in whole blood. Pharmacol
Toxicol 1991; 68: 137-9

71. Unni LK, Womack C, Hannant ME, et al. Pharmacokinetics and
pharmacodynamics of metrifonate in humans. Methods Find
Exp Clin Pharmacol 1994; 16: 285-9

Tolerability of Cholinesterase Inhibitors 479

 Adis International Limited. All rights reserved. Drug Safety 1998 Dec; 19 (6)



72. Becker RE, Moriearty P, Unni L, et al. Cholinesterase inhibitors
as therapy in Alzheimer’s disease: benefit to risk consider-
ation in clinical application. In: Becker R, Giacobini E, edi-
tors. Alzheimer Disease: from molecular biology to therapy.
Boston: Birkhäuser 1996; 257-66

73. Morris JC, Cyrus PA, Orazem J, et al. Metrifonate benefits cog-
nitive, behavioural, and global functions in patients with Alz-
heimer’s disease. Neurology 1998; 50: 1222-30

74. Holmstedt B, Nordgren I, Sandoz M, et al. Metrifonate: sum-
mary of toxicological and pharmacological information avail-
able. Arch Toxicol 1978; 41: 3-29

75. Reutter SA, Filbert MG, Moore DH. et al. A role for
butyrylcholinesterases in respiratory pathophysiology fol-
lowing nerve-agent intoxication. Proceedings of the Sixth
Medical Chemical Defense Bioscience Review 1987; 13:
393-6

76. Anon. Bayer suspends metrifonate trials. SCRIP 1998 Sep 30;
2374: 19

77. Somani SM. Pharmacokinetics and pharmacodynamics of phy-
sostigmine in the rat after oral administration. Biopharm Drug
Dispos 1989; 10: 187-203

78. Thal LJ, Schwartz G, Sano M, et al. A multicenter double-blind
study of controlled-release physostigmine for the treatment of
symptoms secondary to Alzheimer’s disease. Neurology
1996; 47: 1389-95

79. Walter K, Müller M, Barkworth F, et al. Pharmacokinetics of
physostigmine in man following a single application of a
transdermal system. Br J Clin Pharmacol 1995; 39: 59-63

80. Becker RE, Moriearty P, Unni L. The second generation of cho-
linesterase inhibitors: clinical and pharmacological effects.
In: Becker R, Giacobini E, editors. Cholinergic basis for Alz-
heimer therapy. Boston: Birkhäuser 1991: 263-96

81. Williams FM. Serum enzymes of drug metabolism. Pharmacol
Ther 1987; 34: 99-109

82. Whelpton R, Hurst P. Bioavailability of oral physostigmine.
New Engl J Med 1985; 313: 1293-4

83. McClellan KJ, Benfield P. Eptastigmine. CNS Drugs 1997; 9:
69-75

84. Auteri A, Mosca A, Lattuada N, et al. Pharmacodynamics and
pharmacokinetics of eptastigmine in elderly subjects. Eur J
Clin Pharmacol 1993; 45: 373-6

85. Imbimbo BP, Licini M, Schettino M, et al. Relationship between
pharmacokinetics and pharmacodynamics of eptastigmine in
young healthy volunteers. J Clin Pharmacol 1995; 35: 285-90

86. Stramek JJ, Block GA, Reines SA, et al. A multiple-dose safety
trial of eptastigmine in Alzheimer’s disease, with pharmaco-
dynamic observations of red blood cell cholinesterase. Life
Sci 1995; 56: 319-26

87. Canal N, Imbimbo BP, Eptastigmine Study Group. Relationship
between pharmacodynamic activity and cognitive effects of
eptastigmine in patients with Alzheimer’s disease. Clin
Parmacol Ther 1996; 60: 218-28

88. Unni LK. Beyond tacrine: recently developed cholinesterase
inhibitors for the treatment of Alzheimer’s disease. CNS
Drugs. In press

89. Enz A, Floersheim P. Cholinesterase inhibitors: an overview of
their mechanisms of action. In: Becker R, Giacobini E, edi-
tors. Alzheimer disease: from molecular biology to therapy.
Boston: Birkhäuser 1996: 211-5

90. Cutler NR, Polinsky RJ, Sramek JS, et al. Dose-dependent CSF
acetylcholinesterase inhibition by SDZ ENA 713 in Alz-
heimer’s disease. Acta Neurol Scand 1998; 97: 244-50

91. Anand R, Hartman D, Hayes P, et al. An overview of the devel-
opment of SDZ ENA 713, a brain selective cholinesterase
inhibitor. In: Becker R, Giacobini E, editors. Boston:
Birkhäuser 1996: 239-43

92. Anand R, Gharabawi G, Enz A. Efficacy and safety results of
the early phase studies with exelon  (ENA-713) in Alz-
heimer’s disease: an overview. J Drug Dev Clin Pract 1996;
8: 1-14

93. Enz A, Armstutz R, Boddeke H, et al. Brain selective inhibition
of acetylcholinesterase: a novel approach to therapy for Alz-
heimer’s disease. Prog Brain Res 1993; 98: 431-8

94. Anand R, Gharabawi G. Clinical development of ExelonTM
(ENA-713): the adena program. J Drug Dev Clin Pract 1996;
8: 9-14

95. Spencer CS, Noble S. Rivastigmine: review of its use in Alz-
heimer’s disease. Drug & Aging 1998; 13: 391-411

96. Corey-Bloom J, Anand R, Veach J. A randomized trial evaluat-
ing the efficacy and safety of ENA 713 (rivastigmine tartrate),
a new acetylcholinesterase inhibitor, in patients with mild to
moderately severe Alzheimer’s disease. Int J Geriatr Psy-
chopharmacol 1998; 1: 55-65

97. Cummings JL. Changes in Neuropsychiatric symptoms as out-
come measures in clinical trials with cholinergic therapies for
Alzheimer disease. Alzheimer Dis Assoc Disord 1997; Suppl.
4: S1-9

98. Giacobini E. From molecular structure to Alzheimer therapy.
Jpn J Pharmacol 1997; 74: 225-41

99. Troetel WM, Imbimbo BP. Overview of the development of
eptastigmine, a longacting cholinestesterase inhibitor. In:
Iqbal K, Winblad B, Nishimura T, et al., editors. Alzheimer’s
disease: biology, diagnosis and therapeutics. Chichester: John
Whiley & Sons, 1997: 671-6

100. Kaufer D, Friedman A, Scidman, et al. Acute stress facilitates
long-lasting changes in cholinergic gene expression. Nature
1998; 393: 373-6

101. von der Krammer, Mayhaus M, Albrecht C, et al. Muscarinic
acetylcholine receptors activate expression of the Erg gene
family. J Biol Chem 1998; 273: 14538-44

Correspondence and reprints: Professor Agneta Nordberg,
Department of Clinical Neuroscience and Family Medicine,
Division of Molecular Neuropharmacology, Karolinska In-
stitutet, Huddinge University Hospital, B84, S-141 86
Huddinge, Sweden.
E-mail: Agneta.Nordberg@cnsf.ki.se

480 Nordberg & Svensson

 Adis International Limited. All rights reserved. Drug Safety 1998 Dec; 19 (6)


	Contents 465
	Abstract 466
	1. Evaluation of Drug Treatment Efficacy in Alzheimer's Disease 467
	2. Acetylcholinesterase and Butyrylcholinesterase in the Brains of Patients with Alzheimer's Disease 467
	3. Molecular and Functional Properties of Cholinesterase Inhibitors 468
	4. Tacrine 469
	4.1 Pharmacokinetics 470
	4.2 Administration Regimens 470
	4.3 Interactions 470
	4.4 Adverse Effects 471
	4.4.1 Liver Toxicity 471
	4.4.2 Other Adverse Effects 471


	5. Donepezil 472
	5.1 Pharmacokinetics 472
	5.2 Administration Regimens 472
	5.3 Interactions 472
	5.4 Adverse Effects 472

	6. Galantamine (Galanthamine) 473
	6.1 Pharmacokinetics and Dosage 473
	6.2 Adverse Effects 473

	7. Metrifonate 473
	7.1 Pharmacokinetics and Dosage 473
	7.2 Adverse Effects 474

	8. Physostigmine 474
	8.1 Pharmacokinetics and Administration 474
	8.2 Adverse Effects 475

	9. Eptastigmine 475
	9.1 Pharmacokinetics and Administration 475
	9.2 Adverse Effects 475

	10. Rivastigmine 475
	10.1 Pharmacokinetics and Administration 475
	10.2 Adverse Effects 476

	11. Clinical Efficacy of Cholinesterase Inhibitors in Alzheimer's Disease 476
	12. Conclusions 477
	Acknowledgements 478
	References 478
	Correspondence and reprints 480
	E-mail 480

