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Nordberg & Svensson

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 formsocial disabilities. Genetic causes have been re-
of dementia and represents about 40 to 60% of latgorted to be involved in familial cases of Alz-
onset dementia syndrome. It is a progressive andeimer’s disease but the disease probably has a
costly disease that causes suffering over a long peauch more complex and heterogenous aetiol-
riod for both the patients and their families. Theogy!*-2! Although a great deal of progress has been
disease is characterised by memory loss and othenade in recent years in further understanding the
cognitive symptoms producing occupational andgenetical aberrations as well as the pathophysio-
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logical processes of Alzheimer’s disease, there isumed that a specific treatment strategy may not be
still no cure for the disease. helpful for all patients. Patients may show different
Cognition is known to be dependent on severarates of progression of deterioration during the
mental functions, such as awareness, memory, larcourse of the untreated disease. The disease in-
guage, mental tempo and visuospatial function. Iivolves changes not only in cognition but also in
is still an open question as to whether memory cabehaviour, social and overall global functioning.
be improved by cognition-enhancing substances. Different types of outcome measures have been
Transmitter replacement therapy is one of sevused in clinical trials to evaluate improvement and
eral possible treatment strategies; others beingneasure the effect of treatment with cholinesterase
antiamyloid drugs, nerve growth factors, anti- inhibitors. The cognitive tests include the Mini-
inflammatory drugs, and antioxidar®é! The Mental State Examination and the Alzheimer’s
cholinergic hypothesis claims that low levels of Disease Assessment Scale, while other scales, such
acetylcholine lead to cognitive decliféCholin-  as the clinician’s global assessment of severity,
esterase inhibitors inhibit the metabolism of ace-change, behavioural ratings and functional scales,
tylcholine and treatment with these drugs has so fahave also been us&d! A valuable complement to
been the most fruitful treatment strategy in Alz-these scales are studies of the functional effects of
heimer’s disease. Clinical experience with cholin-therapies on the brain as evaluated by neuro-
esterase inhibitors, such as tacrine, indicates thgisychological measurements, electroencephalo-
these compounds have positive effects on cognigram (EEG), and imaging techniques including
tive function, especially in attenti®h and that positron emission tomography and single photon
long term treatment also has effects on primarycomputed emission tomographs.
memory, episodic memory, visuospatial ability and
psychomotor speéd?! 2. Acetylcholinesterase and
Tacrine was the first cholinesterase inhibitor to  Butyrylcholinesterase in the Brains of
be approved for use in Alzheimer’s disease (in the Ppatients with Alzheimer’s Disease
US in 1993 and in Europe in 1994). Modest pallia-
tive effects have been observed, as well as some Human brain cholinesterases can be divided
slowing or arresting of the disease couf$élThe  into acetylcholinesterases and butyrylcholinester-
second cholinesterase inhibitor donepezil was apases and these are expressed in at least 6 different
proved in 1996 in the US and in 1997 in Europe,molecular forms: globular monomers (G1), dimers
and in 1998 rivastigmine was approved in severa(G2) and tetramers (G4) of catalytic subunits and
European countries. Other cholinesterase inhibiasymmetric molecules with 1, 2 or 3 tetramers (A4,

tors, including galantamine (galanthamine), metri-A8, A12) coupled to a 3-stranded collagen-like
fonate and eptastigmine, are currently under clinicoiled structuré**151 The most abundant form of

cal evaluation. acetylcholinesterase is the extracellular G4 molec-
The aim of this paper is to compare these chotllar form but the cytosolic G1 form is also present

linesterase inhibitors with respect to specificity ofin & smaller amount in the brais! Acetylcholin-

cholinesterase inhibition, pharmacokinetic proper-esterase has also been found in erythrocytes while

ties and metabolism, efficacy, tolerability and pos-high levels of butyrylcholinesterase, also known as
sible drug interactions. 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
Because of the genetic, biological and clinical diseasé!’:18! Acetylcholinesterase has also been
heterogeneity of Alzheimer’s disease it can be asedetected in senile plaques and neurofibrillary tan-

1. Evaluation of Drug Treatment
Efficacy in Alzheimer’s Disease
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468 Nordberg & Svensson

gles in the brains of patients with Alzheimer’s dis- hibiting butyrylcholinesterase and are therefore
ease. The G4 form of acetylcholinesterase has beatonsidered as rather unselective cholinesterase in-
suggested to be of the asymmetric type and maiibitors. Other cholinesterase inhibitors, including
acceleratg-amyloid formation!519 The activity =~ donepezil and rivastigmine, appear to be more se-
of butyrylcholinesterase has been reported to béective for acetylcholinesterase compared with
increased in the brains of patients with Alzheimer'sputyrylcholinesterase (table 1). The cholinesterase
diseas@’] as a consequence of reactive gliosis andnhibitors can also be characterised as reversible,
accumulation of butyrylcholinesterase on neuritice.qg. donepezil, tacrine and galantamine, or irre-
plagqueg?®] versible, e.g. metrifonate, as well as competitive,
Acetylcholinesterase levels in the ventricular ore g. galantamine, or noncompetitive, e.g. tacrine
lumbar cerebrospinal fluid (CSF) are lower in pa-and donepezil, in nature.
tientS W|th Atheimer,S disease Compared W|th The Strategy beh|nd using Cho“nesterase |nh|b_
age-matched control3.22 An anomalous molec- jiors for Alzheimer’s disease is to improve cholin-

ular form of acetylcholinesterase has been found iyrgic synaptic function by elevating the acetylcho-
the CSF of patients with Alzheimer’s disease whichjine content of the synaptic cleft and thereby

is a possible indication of change§ in acetylcholin—augmemmgI the function of the cholinergic recep-
esterase at the molecular le{fél.Since the CSF 1< 1 vitro studies have indicated that cholines-
anomalous acetylcholinesterase has also bee@ase inhibitors such as physostigmine and tacrine
found in individuals without dementia, it has been . anhance the potassium-induced acetylcholine
speculated that this molecular form of acetylcm%elease from cortical tissue slices taken at autopsy

. : NPT rom patients who had had Alzheimer’s dise@8e.
signs of dementia are observéld.This finding P

mav also explain the overlap in acetvicholinester Interestingly, the release of acetylcholine was de-
y aiso explal verap etylcholl . creased in autopsy brain tissue from patients with-
ase activity in CSF seen between individuals with . s . o
: 125] out Alzheimer’s disease in the presence of similar
and without dementi&:

Recently. attempts have been made to Visualisconcentrations of the cholinesterase inhibités.
Y, P o T ; This finding illustrates that the effect of cholines-
acetylcholinesterase activity vivo using imaging terase inhibitors can be different in the brains of
techniques. Pappata et &, usingC-physostig-

) , " healthy individuals and patients with Alzheimer’s
mine and positron emission tomography, showed %isease
regional distribution of acetylcholinesterase in the e L
human brain. Recently, by usiA#C-N-methyl-4- Depending on the amount of acetylcholine in
piperidyl acetate, lyo et &7 demonstrated re- the synaptic cleft, an increase or Qecrgase of the
duced acetylcholinesterase activityvivo in pa- level of the trgnsmltter can .b.e obtained in the pre-
tients with Alzheimer’s disease, especially in S€nce of cholinesterase inhibités Low levels of
cortical brain regions, compared with control indi- 2cetylcholine presentin the synaptic cleft (as is the
viduals. case in patients with Alzheimer’s disease) trigger

the facilitatory presynaptic muscarinic;Mecep-

tors to increase the release of acetylcholine into the
synaptic cleft29]

Tacrine has been shown to have a variety of

The different molecular structures of various pharmacological actions including inhibition of
cholinesterase inhibitors (fig. 1) make them differ- the uptake as well as increase in the release of sev-
ently selective for acetylcholinesterase anderal neurotransmitters, increase in the synthesis of
butyrylcholinesterase. Tacrine and physostigmineacetylcholine and directly binds to muscarinic and
have demonstrated reasonably equal potency famicotinic receptors and ion chann&$.Whether
inhibiting acetylcholinesterase compared with in-these various pharmacological effects are exerted

3. Molecular and Functional Properties
of Cholinesterase Inhibitors
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Fig. 1. Chemical structures of cholinesterase inhibitors tacrine, donepezil, galantamine (galanthamine), metrifonate, physostigmine,
eptastigmine and rivastigmine.

by other cholinesterase inhibitors has not been extives of amyloid precursor protein and prevgnt
plored extensively. Physostigmine has demonamyloid accumulatiof4-38] Both tacrine and
strated less affinity for muscarinic and nicotinic donepezil have been found to attenyitemyloid
receptors than tacrif@! Interestingly, several neurotoxicity in cell line$3]

cholinesterase inhibitors, including tacrine, galan-

tamine anq do_nepezil, ha_ve pgen shown tolbind 10 4 Tacrine

an allosteric site on the nicotinic acetylcholine re-

ceptor and this may be of importance for clinical  Tacrine causes an allosteric reversible inhibi-
efficacy!31-33l tion of acetylcholinesterase and butyrylcholin-
Increasing levels of acetylcholine due to cholin-esterase by interacting with a hydrophobic region
esterase inhibition may regulate in the formationnear the anionic andy site of the enzym89 A
of amyloid precursor proteins. Studies in animals0% inhibition of acetylcholinesterase in red blood
and cell lines indicate that treatment with differentcells and a 40% inhibition of cholinesterase in
cholinesterase inhibitors including tacrine, physo-plasma were measured in patients receiving tacrine
stigmine, eptastigmine and metrifonate can en4160 mg/day?® the highest recommended clinical
hance the release of non-amyloidogenic derivadaily dose.
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4.1 Pharmacokinetics Higher plasma concentrations of tacrine have
been reported in wom&3! compared with men.

The pharmacokinetic properties of tacrine havethis difference might be due to the lower activity
been studied following the administration of a sin- of the CYP1A2 isoenzyme in women. A lower tac-
gle dose and after long term treatmé&it!8l Inter-  rine concentration has been reported in smokers
individual variations in tacrine pharmacokinetic compared with nonsmokers and this might be ex-
parameters have been report# The bioavaila-  plained by the fact that smoking induces CYP1A2
bility of tacrine has been found to range from 17 to activity.[50]
379441.43.45.48] (taple I1). Time to reach maximal
plasma concentration(},) in the blood was 1 to 2
hours following oral administration of tacrine 10 to
50mg to patients with Alzheimer’s disedée?3-46]
The absorption is decreased by concomitant intake Tacrine is usually administrated 4 times daily

of food. The elimination half-life for tacrine is 1.3 Starting at an initial dosage of 40 mg/day and in-
to 7 hours in patients with Alzheimer's dis- creased every 6 weeks up to a maximal dosage of

easd40.41,43,45] 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
tgcrine, titration to their maximum tolerated dos-
age is recommendéef.52]

4.2 Administration Regimens

A positive correlation has been observed be-
tween tacrine concentration and cholinesterase in
hibition in plasmd49 The therapeutic window for
tacrine has been suggested to range between 7
and 20ug/L.[#% Tacrine has been shown to be 75%
bound to plasma albumin. It is metabolised in the
liver by the cytochrome P450 (CYP) isoenzymes 4.3 Interactions
CYP1A2 and CYP11D6 and 5 metabolites have

been found in serum and uriffé:> The major me- Theophylline is metabolised via CYP1A2 and
tabolite is 1-hydroxy-tacrine, which is present in concomitant administration of tacrine and theo-
plasma and CSF at a concentration that is 10 timeghylline results in a 2-fold increase in theophylline
higher than that of tacrin€l This metabolite can concentratior3%:5% Cimetidine inhibits the meta-
inhibit cholinesterase and exerts clinical effects onbolism of tacrine in the elderly and increases the
its own[51] plasma concentration of tacrifig: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  Cholinesterase inhibition Maximal inhibition of RBC AChE Administration Cholinergic adverse

inhibitors (AChE vs BuChE) RBC AChE (%) inhibition (%) (times/day) events (% of treated
achieved with patients)
therapeutic dosages

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 = BUuChE 62-72 50-70 1 7-18

Physostigmine ~ AChE > BuChE 70 2 7-40

Eptastigmine BuChE = AChE 18-44 38 2o0r3 34

Rivastigmine AChE > BuChE 402 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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Table Il. Pharmacokinetic profile of different cholinesterase inhibitors in patients with Alzheimer’s disease (see sections 3 to 11 for details
and references)

Cholinesterase Bioavailability tmax (h)  Elimination Effect of Metabolism Excreted via urine (%)
inhibitor (%) t% (h) food
Tacrine 17-37 1-2 1.3-7 Yes CYP1A2, CYP2D6 (5 <3
metabolites, 1 of which is active)
Donepezil 100 3-5 70-80 None CYP2D6, CYP3A4 17
Galantamine 85 1 6 NDA CYP2D6 (4 metabolites, 1 of 502
(galanthamine) which is active)
Metrifonate NDA 0.5 2.3 NDA Not via CYP450 80
Physostigmine® 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; ti, = half-life;

4.4 Adverse Effects 4.4.2 Other Adverse Effects
Relatively higher plasma concentrations of tacr-
ine have been reported in patients developing ad-
441 Liver Toxicity . verse effects related to tacri8. The most com-
~ The most important adverse effect of tacrine is \ adverse events experienced by patients with
liver toxicity. The hepatotoxic (_aﬁ‘ects of tacrine Alzheimer’s disease receiving tacrine relate to the
have been reviewed by Watkins et®al.who gastrointestinal system. In a randomised, control-

.summansed.data from 6 muI'Flcentre trials !nvolv-led trial of tacrine in patients with 410 Alzheimer’s
ing 2446 patients. Increases in serum alanine amis

notransferase (ALT) levels occurred in 49% of pa_d|sease, hausea and vomiting were experienced by

. : . L . 35% of patients, diarrhoea by 18%, anorexia by
tients with Alzheimer’'s disease treated with . . :
tacrinels3 The ALT level increased to 3 times the ~20; dySpepsia by 11% and abdominal pain by
upper limit of normal in 25% of the patients; 8% 9%, following 30 vvz?eks of treaFment with tac;rme
of the patients had ALT values that were 10 or more80 to 160 mg/da?! Of the patients, 160/,0 W'th_'
times the upper limit of normal. However, this in- drew frpm tzhe study be_Ca“S‘? of gastrointestinal
crease in ALT level is mainly asymptomatic, al- compl_alntsl.5 1The gastromtes_tlr?a_l adverse effects
though fatigue, fever and eosinophilia occurred®f tacrine can be somewhat diminished by concom-
more frequently in patients with ALT levels 10 or tant administration of food. _

more times the upper level of normal. Three pa- 1€ safety of tacrine, as observed in 2706 pa-
tients underwent liver biopsies, which showed lob-tients with Alzheimer’s disease in clinical trials
ular hepatitis. The mean interval from initiation of 2nd 9861 patients with Alzheimer's disease in a
tacrine treatment to ALT level elevations to 3 timestreatment investigational new drug (TIND) pro-
the upper limit of normal was 50 days and the ALTgramme, was recently overview&d. 398/2706
levels increased mainly during the first 12 weeks(15%) patients who had been treated with tacrine
of treatment. When patients were rechallenged®xperienced an adverse effect that was classified as
with tacrine, 30% of them experienced another in-Serious. 461 (17%) patients were withdrawn from
crease in ALT level®3! 72% of patients who did treatment due to adverse effects and transaminase
not experience an elevation in ALT levels follow- level elevations accounted for almost half of these
ing rechallenge were found to be able to toleratewithdrawals. 24% of the patients (2404 patients) in
higher dosages than those that caused the initidhe TIND programme were withdrawn from treat-
increase in ALT level&3! ment. 10% of the TIND patients were withdrawn
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from treatment due to elevations in ALT levels, 6% Donepezil is extensively bound to proteins
for symptoms due to involvement of digestive sys-(96%) with 75% bound to albumin and 21% bound
tems and 6% related to CNS effects including agito a;-acid glycoproteing&8! Donepezil is metabo-
tation, confusion, hallucinations. 3% of patientslised by CYP2D6 and CYP3A4 and glucuronidised
(81 patients) in the TIND programme died, butwith about 17% of the dose excreted unchanged in
only 2 of the 81 deaths were considered possiblyhe urinel58!
related to tacrine treatment.

5.2 Administration Regimens

5. Donepezil Donepezil is recommended to be given once

Donepezil is a reversible specific piperidine ac-daily, initially at a dose of 5Smg for at least 4 to 6
etylcholinesterase inhibitor that primarily has aWeeks. Thereafter, the dosage can be increased to
noncompetitive inhibitory action but also has somel0 mg/day.

competitive characteristics (mixed inhibitd3.2¢!
5.3 Interactions

5.1 Pharmacokinetics 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?] Donepezil 0.3 to 10 mg/L has not

The pharmacokinetic properties of donepezil
have been studied following administration of a
single dose andntx was found to be 3 to 5 hours

[57,58] ; ;
gtalble IdI)QS I/\/ILaX|maI Eltasm% (;olrllceptratl((j)ns_ of been found to influence the vitro binding of fu-
-an -@g/L were obtained following admin- rosemide (frusemide) 5 mg/L, digoxinp@/L or

istration of single oral doses of donepezil 5 andwarfarin 3 mg/L, to albumin. It is possible that in-

10mg, respectively. Steady-state concentration%Jucers of CYP2D6 and CYP3A4, for example

were obtained following 15 days of treatméfi. Ehenytoin, carbamazepine, dexamethasone, rifam-

\évgfgrg;noeaneeZ!{;V”?/Sf;d;lnollztfsr?gempg(;srﬁsizr(l) icin and phenobarbital (phenobarbitone), may po-
. tentially increase the elimination of donepezil, but
centrations were 18.2 and 30p)/L, respec- 1yl S iminatl pezil, bu

tively 5759 more studies need to be performed to clarify this

N ) issuel58l The outcome of donepezil treatment in
The inhibition of red blood cell acetylcholines- P

o followi « patients with deficiencies of the isoenzymes
terase by 64% was reported following 6 weeks~vpsopg and CYP3A4 is unknown.

treatment with donepezil 5 mg/day while the cor-
responding inhibition with 10 mg/day was 77%8.
During long term treatment with donepezil for 192
weeks, acetylcholinesterase inhibition up to 90% Donepezil shows cholinergic adverse effects
was measured at a plasma concentration of 7and the most frequent adverse effects related to
ug/L1 following administration of donepezil 10 donepezil are gastrointestinal adverse effects and
mg/day. dizziness. No liver toxicity has been reported fol-
The elimination half-life of donepezil has been lowing up to 192 weeks of donepezil treatméht.

estimated to be 70 to 80 holdfsand the mean The most common adverse events seen in a 24-
apparent plasma clearance has been estimated week, double-blind, placebo-controlled trial of
0.13 L/h/kg. A longer half-life of donepezil has donepezil 10 mg/day in 316 patients with Alz-
been observed in the elderly compared with youndheimer’s disease were nausea (experienced by 17%
adults although no difference in pharmacokineticsof donepezil recipients versus 4% of placebo recip-
was observed between healthy older volunteergents), diarrhoea (17 versus 7%), gastric upset (10
and patients with Alzheimer’s dised8®&39.62] versus 2%), dizziness (8 versus 4%), muscle

5.4 Adverse Effects
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cramps (8 versus 19%f! The frequency of adverse Sanguinine Q-demethyl-galantamine) is a me-
effects of donepezil was generally lower at the 5tabolite of galantamine formed by CYP2D6 and it
mg/day dosage (diarrhoea 9%, nausea 4%, vomitean account for up to 20% of administered
ing 3%, dizziness 10%, muscle cramps 6%). In argalantamind®3! Interestingly, sanguinine has been
open study of donepezil up to 10 mg/day in 133reported to be 3 times more potent than galantam-
patients with mild to moderate Alzheimer’s diseaseine as an acetylcholinesterase inhibi#ér50% of
administered for 192 weeks, 83% of the patientshe administered dose of galantamine has been
experienced adverse events that were mainly of ound in urine 72 hours after administration; 25%
mild and transient nature on at least one occais excreted unchanged and 25% is metabolised
sion!81] However, 79% of these events were con-(table I1)[64
sidered not to be related to donepezil but to be re- A galantamine dosage of 10mg 3 times daily is
lated to the patient’s underlying Alzheimer’s recommended.
disease.

6.2 Adverse Effects

6. Galantamine (Galanthamine) No liver toxicity has been reported with

Galantamine is a phenanthrene alkaloid similaj9@lantamine. Nausea was reported to occur in 21,
to codeine which was isolated from the Europear?® @nd 63% of 141 patients with Alzheimer’s dis-
daffodil or common snowdroGalanthus nivalis ~€2s€ who were receiving galantamine 29.4, 34.7
Galantamine is a reversible inhibitor of acetylcho-2nd 37.9 mg/day for 13 weeks, respectivédly.
linesterase with a competitive action. This meanOtheér symptoms such as diarrhoea, abdominal
that the degree of inhibition caused by galantamin&'@mp and anorexia were observed in less than 4%

does not depend on the absolute concentration dif the patienté®!

the agent but more on the relationship between the )

inhibitor and the substrate concentration. 30 to /- Metrifonate

60% inhibition of red blood cell acetylcholinester- Metrifonate is a prodrug of dichlorvos (2,2-

ase is obtained 30 to 45 minutes following Oraldichlorvinyl dimethyl phosphate or DVVP) and

doses of galantamine, and the inhibitory effect Ofundergoes spontaneous dehydrochlorinaiéin.

galantamine on red blood cell acetylcholinesterasgeitonate is an irreversible acetylcholinesterase
is greater than its effect on butyrylcholinesteraseiitor with a biphasic effect. Initially, it inter-

(table 1){e?] acts competitively with the enzyme and then this
changes to noncompetitive inhibition with pro-
6.1 Pharmacokinetics and Dosage gressive phosphorylation of the enzyme esteratic
o ) sitel67] Metrifonate can be characterised as a
‘Galantamine is readily absorbed after oral ad,qe  goirreversible cholinesterase inhibitor. It in-
ministration with a bioavailability of 85%

, avaflab _ (table hipits both acetylcholinesterase and butyryl-
). Follpwmg oral admlms_tratl'on,n{ax is 52 mMin-  holinesteradé® to a similar exten®?!
utes with a plasma elimination half-life of 5.7

hours and a total plasma clearance of 0.34 L/h/kg 7 1 pharmacokinetics and Dosage

in young healthy volunteef& A 30% lower

plasma half-life and clearance was observed in pa- Metrifonate is readily absorbed after oral ad-
tients with Alzheimer’s disead®! A positive cor-  ministration. Following administration of a single
relation has been observed between the concemose of 7.5 mg/kg to patients with Alzheimer’s dis-
tration of galantamine in red blood cells andease,faxWas 26 minuteE° An elimination half-
acetylcholinesterase inhibitid®®! Galantamine life of 2.3 hours with an apparent oral clearance of
does not bind to plasma proteifd. 0.34 L/h/kg has been obtained for metrifonate in
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healthy volunteers, with similar estimations in pa-Leg cramps were experienced by 9% of metrifon-
tients with Alzheimer’s disead® 7! It is esti- ate recipients and they were assumed to occur be-
mated that 2% of metrifonate reaches the brain asause of excessive activation of nicotinic receptors
dichlorvosl’™ Red blood cell acetylcholinesterase at the neuromuscular junctidfd! Interestingly,
was inhibited by 62 to 72% following 28 days of polyneuropathy has been reported in patients after
treatment with metrifonate at a maintenance dosexposure to large doses of metrifonate taken acci-
age of 0.4 to 0.7 mg/day in patients with Alz- dentally or intentionally’4! An experimental study
heimer’s diseast® Recently Becker et &% re-  with cholinesterase inhibitor intoxication has indi-
ported a 60% inhibition of red blood cell cated that the contractions of the trachea requires
acetylcholinesterase and plasma butyrylcholin-inhibition of both acetylcholinesterase and butyryl-
esterase following 6 months’ treatment with cholinesterasE&?! Since some patients in clinical
metrifonate. Acetylcholinesterase in CSF was re-rials with metrifonate have experienced muscle
ported to be inhibited by 37 and 47% in 2 patientsweakness, the manufacturer of metrifonate, Bayer,
with Alzheimer’s disease following administration has recently suspended phase Il trials of this
of metrifonate 5 mg/kg/wedk?! Metrifonate is agent
mainly eliminated via the urine (80%¥!

Metrifonate is given orally once daily. The g physostigmine
maintenance dosage has been estimated to be 0.64

mg/kg/dayl58] Physostigmine is a tertiary amine with lipo-
philic properties which acts as a reversible inhibi-
7.2 Adverse Effects tor of both acetylcholinesterase and butyryl-

cholinesterase.

Metrifonate is hydrolysed to an active com-
pound and has been shown to interact with the CYP g 1 pharmacokinetics and Administration
system. No liver function abnormalities have been
reported for metrifonate. The pharmacokinetic properties of physostig-

Nausea, vomiting, abdominal discomfort, diar- mine following oral administration are charac-
rhoea, weakness and leg cramps have been reporttatised by high first-pass metabolism and a short
following treatment with metrifonaté8! In a double-  elimination half-life which restricts its therapeutic
blind, placebo-controlled study, involving 273 pa- usel’”l Physostigmine is available as controlled-
tients treated with metrifonate 0.65 mg/kg/day andrelease tablets and transdermal systems have been
135 placebo patients treated for 26 weeks, 12% ofleveloped?’8 79 Following the intravenous infu-
metrifonate-treated patients discontinued treatsion of physostigmine salicylate 2mg to healthy
ment because of adverse effects compared with 4%oung volunteers.,x was 4.2 hours, plasma half-
of placebo-treated patierts! Adverse effects fol- life was 0.5 hours and elimination clearance was
lowing metrifonate treatment were considered5.7 L/minl79 Corresponding values for oral solu-
mild to moderate in intensity and the occurrence ofiion and transdermal patches (containing physo-
adverse events was 7 to 18% in the metrifonatestigmine 30mg base) werg.k 0.6 and 14.1 hours,
treated group compared with 1 to 8% in the placeboand plasma half life of 0.3 and 4.9 hours, respec-
treated group’3! No correlation has been observed tively.l”9]
between adverse events and acetylcholinesterase Physostigmine has been reported to cause an in-
inhibition.[68] hibition of acetylcholinesterase of up to 70% in red

Diarrhoea was the most common adverse effecblood cells8% Physostigmine is known to be rap-
(experienced by 18% of metrifonate recipients)idly metabolised by nonspecific esterases in
and this effect was assumed to be caused by oveblood8] and the absolute bioavailability has been
stimulation of the intestinal muscarinic receptors.estimated to be 3 to 8%%.82
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Controlled-release physostigmine salicylate In clinical trials, eptastigmine has been admin-

12mg is given orally twice dailye! istered orally at a dosage of 30 to 60 mg/day given
in 2 or 3 divided doses.
8.2 Adverse Effects
9.2 Adverse Effects

Physostigmine has not been reported to produce L )
hepatotoxicity’8] Nausea and vomiting was re- N0 hepatotoxicity is known to occur with
ported in 40% of 183 patients with Alzheimer’s eptastigmine. 34% of patients with Alzheimer’s

disease treated with physostigmine salicylate 10 t§liSease treated with eptastigmine 40 or 60 mg/day
30mg for 10 weeks in a double-blind, placebo-for 4 Wee.ks reported adverse events mamly _of a
controlled study’8 Other adverse events experi- ChOlinergic nature such as nausea, vomiting,
enced by physostigmine-treated patients in thiradycardia and ventricular extrasystdfb.In

study were diarrhoea (12.6% of patients), anorexia‘hes‘? patients, the inhibition of acetylchollnestgr-
(10.9%) and dizziness (10.9%); these effects oc@S€ In red blood cells at steady state was high

87
curred in 1 to 4% of placebo-treated patients. (70%)871 _ o
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

Eptastigmine (heptylphysostigmine) is a carba-compared with 1 patient in the placebo gr({fﬁb.
mate derivative of physostigmine which reversibly ~ Recently, the manufacturer of eptastigmine sus-

inhibits acetylcholinesterase and butyrylcholin- pended all clinical development studies involving
esterase (table 1). this agent because 2 patients in a clinical trial in-

volving 2000 patients developed aplastic anae-
mia 88l

9. Eptastigmine

9.1 Pharmacokinetics and Administration

The plasma concentration of eptastigmine in- 10. Rivastigmine
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 eptastigming,{x was found to be 1to 1.4

Rivastigmine is considered a ‘pseudoirreversi-
ble’ acetylcholinesterase inhibitor that forms a car-
bamoylated complex with the enzyi¥. Riva-

stigmine has been reported to selectively inhibit

hour?sai?]d the _pegk g:oncentrgﬂon was 0'86<51cetylcholinesterase rather than butyrylcholin-
Kg/L.=%* The distribution half-life was 0.44 o0 1050 i the bral#f) Recently, Cutler et &%

hours in _eldgrly volunteers receving an oral OI(_)Seobserved that rivastigmine inhibits both acetylcho-
of eptastigmine 30mg and the elimination half-life

was found to be 12.1 hou#d] linesterase and butyrylcholinesterase in the CSF to

L . a similar extent.
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 30nigf! Oral administration Rivastigmine is rapidly absorbed following oral
of eptastigmine 12 to 28mg 3 times daily for 14 administration with a.x of 0.5 to 2 hour&?l
days resulted in a 18 to 44% inhibition of acetyl- Rivastigmine is 40% bound to plasma proteins and
cholinesteras®®! Plasma concentration of eptas- rapidly eliminated (elimination half-life 0.6 to 2
tigmine was found to be inversely correlated to thehours)0.911 Administration of the drug after in-
acetylcholinesterase activity in red blood cells buttake of food has been reported to redugg by

not to butyrylcholinesterase activity in the 30%![2 Medication given concomitantly to pa-
plasmag4! tients with Alzheimer’s disease including antacids,

10.1 Pharmacokinetics and Administration
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B-blockers, calcium antagonists, estrogens, antiperformed slowly and the drug is given together
anginals, benzodiazepines and antidiabetics haveith food, less adverse effects are obseff@d.
not shown any interactions with rivastigmine.
Rivastigmine has been reported to selectively in- 11, Clinical Efficacy of Cholinesterase
hibit the G1 isozyme of acetylcholinesterase in |nhibitors in Alzheimer’s Disease
brain![93! An oral dose of rivastigmine 3mg was ob-
served to inhibit acetylcholinesterase in CSF by The clinical efficacy of the different cholines-
40% with minimal effect on cholinesterase in theterase inhibitors in Alzheimer’s disease cannot be
plasma?®! Rivastigmine is rapidly metabolised compared directly across trials since each trial used
and one metabolite, named NAP 226-90, has beeglightly different entry criteria and different popu-
found in the CSF, plasma and urlf8 As the me- lations, were performed at different centres and
tabolite of rivastigmine appears to be reduced irsometimes also used different outcome assess-
patients with renal and mild to moderate hepationents. Thus, a direct comparison of the efficacy of
impairment, dosage recommendations to titrate acthe different cholinesterase inhibitors is impossible
cording to individual tolerability should be closely except in head to head clinical trials.
followed in these patient8! Rivastigmine is inac- The cholinesterase inhibitors generally appear
tivated by cleavage to a phenolic product duringto produce symptomatic effects in patients with
the process of inhibiting acetylcholinesterase andhlzheimer’s disease following different lengths of
is excreted via the kidney&] treatment (table Ill). The clinical efficacy in drug
Clinical studies have shown that the best mainirials has revealed an improvement in the Alz-
tenance dose for rivastigmine is 6 to 12 mg/dayheimer’s Disease Assessment Scale — Cognitive
given as 2 divided dosé3] Subscale score (ADAS-cog) varying between 1.8
to 4.9 points compared with placebo (table I11). The
cholinestesterase inhibitors appear to have effect
10.2 Adverse Effects on cognition but also beneficial effects on
behavioural abnormalities, including apathy, anxi-
Rivastigmine is not metabolised via the CYP ety and delusion§7]
system and to date no hepatotoxicity has been ob- A significant correlation has been reported be-
served. Treatment with the maximal dosage oftween change in ADAS-cog and acetylcholinester-
rivastigmine of 12 mg/day to 235 patients with Alz- ase inhibition in red blood cell&d] The maximal
heimer’s disease for 26 weeks resulted in adversmhibition of acetylcholinesterase for various cho-
events in <20% of patients. Those that were oblinesterase inhibitors ranges between 40 to 90%
served were nausea (20%), vomiting (16%), dizzi-(table 1). Cholinesterase inhibitors causing mild
ness (14%) and dyspepsia (598). When the data peripheral cholinergic adverse effects are used in
from 3006 patients treated with rivastigmine andtherapeutic dosages that cause greater acetylcho-
985 patients treated with placebo were summariselinesterase inhibition in red blood cells (50 to 70%)
regarding adverse effects, it was observed that ththan those with pronounced peripheral adverse ef-
most common adverse effect was nausea (40% ifects (30%). For some of the cholinesterase inhib-
the treatment group versus 10% in the placebdtors, e.g. physostigmine, eptastigmine and
group) followed by vomiting (24 versus 7%), diz- metrifonate an inverse U-shaped relationship be-
ziness (20 versus 109%5! The cholinergic adverse tween acetylcholinesterase inhibition and cogni-
effects correlated better to the metabolite NAP-tive effect has been reportédl. Thus eptastigmine
226-90 than to the mother compound. Similarly thehas been shown to have maximal clinical efficacy
area under the curve (AUC) of acetylcholinesterasat 40% red blood cell acetylcholinesterase inhibi-
activity was most closely correlated with the CSFtion.®9lIn preclinical studies, tacrine also has been
AUC of the metabolite. When the dose titration isshown to have a U-shaped dose-resp8hd@
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Table lll. Acomparison 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  Reference
from placebo
Tacrine 80mg 12 wks 3.8 54
160mg 30 wks 4.1 52
Donepezil 5mg 24 wks 25 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.

which may be difficult to observe clinically since
the peripheral adverse effects limit the use of
higher doses.

Thereis support for existence of persistent long
term effects of cholinesterase inhibitors and that
treatment with cholinesterase inhibitors may delay
nursing home placement.!461 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

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 che
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. Sign:
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-

Three cholinesterase inhibitors, tacrine, doneN€imer’s disease after 12 months of tacrine

pezil and rivastigmine, have been approved for us&€atment is supported by experimental data sug.
in Alzheimer’s disease in Europe and two, tacrinegesting that exposure to cholinesterase inhibitors
and donepezil have been approved in the US. Thelicreases acetylcholinesterase gene expres
differ in their risk of liver toxicity and peripheral Sion[10010

adverse effects while the clinical efficacy has been Drug monitoring, including measurements of

found to be similar. Some other cholinesterase inplasma levels and cholinesterase inhibition in
hibitors are presently undergoing clinical evalua-blood and possibly the CSF, as well as the risk of
tion and probably 2 to 3 additional agents will soondrug interactions have to be further investigated.
come into clinical use in the treatment of Alz- These factors may play an important role when
heimer’s disease. choosing between cholinesterase inhibitors.

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



478 Nordberg & Svensson

The prospects for new treatment strategies in13. Nordberg A. F’unc_tional studies of new drugs for the treatment
Alzheimer’s disease have brightened considerabl of Alzheimer’s disease. Acta Neurol Scand 1996; Suppl. 165:
g Y 13744

during the recent years. Although existing therapy 14. Arendt T, Briickner MT, Lange M, et al. Changes in acetylcho-

is still maimy considered as a symptomatic therapy linesterase and butyrylcholinesterase in Alzheimer’s disease
. .. .. .. . resemble embryonic development- a study of molecular
with palliative effects on existing cognitive distur- forms. Neurochem Int 1992 3: 381-96

bances it might also have some effects on progres45. Kasa P, Bakonczay Z, Gulya K. The cholinergic system in Alz-
: : : : heimer’s disease. Prog Neurobiol 1997; 52: 511-35

sion of the dlsease_’ Befo_re acurative OI’. preYenFlvelﬁ. Ogane N, Giacobini E, Struble R. Differential inhibition of

treatment strategy is available for Alzheimer’s dis- acetylcholinesterase molecular forms in normal and Alz-

ease the development of cholinesterase |nh|b|tors heimer disease brain. Brain Res 1992; 589: 307-12

7. Perry EK, Tomlinson BE, Blessed G, et al. Correlation of cho-
with Optlmal efflcacy and t0|erab|“ty must be en- linergic abnormalities with senile plaques and mental test

couraged. 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:
Acknowledgements selective loss of the intermediate (10S) form. Neurosci Lett
1983; 40: 199-204
19. Inestrosa NC, Alvarez A, Perez CA, et al. Acetylcholinesterase

This study was supported by the Swedish Medical Re- accelerates assembly of amylddepeptides into Alzheimer’s

search Council (project no. 05817), Loo and_ Han_s Os- fibrils: possible role of the peripheral site of the enzyme. Neu-
terman’s Foundation, Stiftelsen for Gamla Tjanarinnor, ron 1996; 16: 881-91
Stohne’s Foundation. 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
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