
Eur Arch Psychiatry Clin Neurosci (1994) 244:261-271 �9 Springer-Verlag 1994 

Jair C. Stares �9 Samuel Gershon 

Advances in the pharmacotherapy of Alzheimer's disease 

Received: 9 August 1994/Accepted: 11 August 1994 

Abstract The authors reviewed the literature on the 
agents proposed for the treatment of Alzheimer's disease 
(AD). Different classes of drugs have been tested for this 
indication including psychostimulants, anitcoagulants, va- 
sodilators, hyperbaric oxygen, hormones, nootropics, choli- 
nomimetics, monoaminergics and neuropeptides without 
conclusive evidence of being beneficial for the treatment 
of this condition. Among the cholinomimetics recent re- 
search data seems to indicate that they might produce 
modest benefits in mild-to-moderate AD patients. Re- 
cently, other drugs have also been proposed including 
neurotrophic factors, phosphatidylserine, argistension con- 
verting enzyme (ACE) inhibitors, calcium channel block- 
ers, acetyl-L-carnitine, xanthine derivatives, anti-inflam- 
matory agents, aluminum chelate agents, and D-cycloser- 
ine. Of these new strategies few hold promise of more 
substantial benefits for AD, with the possibility of altering 
the course of the disease, but these drugs await confirma- 
tory. trials. 
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Introduction 

Alzheimer's disease (AD) is characterized by an acquired 
intellectual decline manifesting as memory loss together 
with other cognitive impaiments including dysphasia, visuo- 
spatial dysfunction, and disturbances in abstraction, cal- 
culation or concentration. The disease is determined patho- 
logically by the presence of senile plaques, which are an 
accumulations of granular material, including degenerating 
neurites and glia, with a core formed of amyloid material 
and neurofibrillary tangles. These pathological changes, 
despite extensive study, are still poorly understood. Be- 
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sides the cognitive symptoms AD frequently manifests 
other behavioral symptoms. These symptoms most com- 
monly include psychomotor agitation, anxiety and depres- 
sive symptoms, and psychotic symptoms such as delu- 
sions. Such symptoms, together with the cognitive distur- 
bances, are the targets for the treatment of this condition. 

A large number of clinical trials with agents aimed at 
treating this condition have been carried out over the past 
30 years (Rosenberg et al. 1991). The main focus of this 
research has been on finding agents that could improve 
the cognitive performance in patients suffering from this 
disease. In the present work we reviewed data on pharma- 
cological agents proposed to improve cognition, with a 
particular focus on recent research done in this field. 

Historical background 

Several agents have been tested as potential cognition en- 
hancers. Hyperbaric oxygen, psychostimulants, vasodila- 
tors, anticoagulants and hormones (ACTH and vaso- 
pressin) are among the initial agents tested, without any 
conclusive evidence of benficial effects (Goodnick and 
Gershon 1983, 1984; Vogel-Scibilia and Gershon 1989) 

From the drugs investigated for the treatment of AD 
most are proposed to improve cognition by effects on neu- 
rotransmission, promoting enhancement of synaptic trans- 
mission. This group includes drugs such as neurotransmit- 
ter agonists, neuropeptides, and neurotropics. They are 
suggested as being potentially useful for palliation. Some 
agents are proposed to influence the course of the disease, 
and thus to have the potential to prevent or stop the pro- 
gression of the disease. This group includes chelation 
agents, hormone therapy, nerve growth factor, anti-in- 
flammatory agents, ph0sphatidylserine, and L-deprenyl. 
Other drugs are proposed to control the behavioral symp- 
toms associated with AD including antipsychotic agents, 
minor tranquilizers, anticonvulsants, mood stabilizers and 
antidepressant drugs. 

Several compounds have been tested under controlled 
conditions as potential cognitive enhancers. The strategies 
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proposed to alter the course of AD do not have consistent 
data in their support thus far. Among the possible pallia- 
tive treatments the cholinergic enhancers have recently 
gained a lot of attention, because more recent trials with 
THA (9-amino-l,2,3,4-tetrahydroacridine) have suggested 
that some benefits have been observed in the higher 
dosage ranges. 

Advances in the pharmacotherapy 
of Alzheimer's disease 

Nootropics 

The nootropics or "metabolic enhancers" are drugs that do 
not interact directly with any specific neurotransmitter 
system. Several agents in this class have been investigated 
including piracetam, oxiracetam, pramiracetam, anirac- 
etam, and BMY 21502. 

Piracetam has produced conflicting results in de- 
mented patients (Chouinard et al. 1981; Stegnick 1972), 
but more recent evidence suggests that it could be useful. 
A controlled trial in a sample of 33 AD patients using 
higher doses over a peroid of 1 year suggested that this 
agent might have effects in slowing the cognitive deterio- 
ration (Croisile et al. 1993). These results point out the 
need for further investigation of higher doses of this med- 
ication in large controlled trials over longer periods of 
time. The studies with piracetam in combination with 
choline or lecithin in AD patients have yielded disap- 
pointing results (Friedman et al. 1981; Ferris et al. 1982; 
Pomara et al. 1984; Smith et al. 1984; Growdon et al. 
1986; Davidson et al. 1987). 

Oxiracetam was initially found to be more active than 
piracetam in improving learning and memory in animal 
models (Banff and Dorigotti 1986). Some clinical trials in 
primary degenerative dementia and multi-infarct demen- 
tia suggested it could be useful (Dysken et al. 1989; Maina 
et al. 1989; Bottini et al. 1992; Villardita et al. 1992), but 
the trials done in AD patients were mostly disappointing 
(Itil et al. 1982; Itil et al. 1986; Moglia et al. 1986; Vil- 
lardita et al. 1986; Parnetti et al. 1989; Green et al. 1992) 

Pramiracetam and aniracetam have also been tested in 
the treatment of AD patients, without substantial evidence 
of efficacy (Branconnier et al. 1983; Mizuki et al. 1984; 
Sourander et al. 1987; Claus et al. 1991). A recent multi- 
center controlled trial of aniracetam in AD patients 
showed indications that it could improve some psycho- 
behavioral measures (Senin et al. 1991). 

Hydergine 

Hydergine is a vasodilator that also stimulates cerebral me- 
tabolism, causing an increase in intracellular cyclic adeno- 
sine monophosphate (cAMP). Several trials analyzed its 
effectiveness as a cognition enhancer, without consistent 
evidence of benefits for the treatment of these conditions 
(Gerin et al. 1969; Triboletti and Ferri 1969; Ditch et al. 

1971; Jennings 1972; Rao and Norris 1972; McConnachie 
1973; Rehman 1973; Banen 1974; Thibault 1974; Hughes 
et al 1975; McDonald 1979; Thompson et al. 1990). 

Phosphatidylserine 

Phosphatidylserine (PS) is a natural phospholipid mem- 
brane constituent with functions related to membrane flu- 
idity and cellular metabolism. It has been proposed as an 
agent that would cause structural neuronal modification, 
instead of just transitory changes in metabolism produced 
by other agents. The initial clinical trials showed some 
promise (Delwaide et al. 1986; Allegro et al. 1987; Caf- 
farra and Santamaria 1987; Palmieri et al. 1987; Puca et 
al. 1987; Granata and Michelle 1987; Sinforiani et al. 
1987; Satzger et al. 1988; Villardita et al. 1987; Amaducci 
et al. 1988), and two recent trials suggested that this agent 
might be beneficial for AD patients, particularly patients 
in the early stages of the disease (Crook et al. 1992; Engel 
et al. 1992). Nevertheless, this agent awaits further confir- 
mation of its effectiveness in large multicenter controlled 
trials using patients in different stages of the disease. 

Cholinomimetics 

The findings of a loss of cholinergic neurons in the ventral 
forebrain and decreased choline acetyltransferase in AD 
brains initiated extensive investigation of drugs that 
would increase cholinergic transmission as potential treat- 
ments for AD. Choline, lecithin, arecoline, RS-86, 4-AR 
bethanecol, oxotremorine, nicotine bitartrate, and pyro- 
dostigmine are among the compounds that have been 
tested, without consistent evidence of effectiveness (Eti- 
enne et al. 1978a; Etienne et al. 1978b; Sitaram eta.  1978; 
Christie et al. 1981; Etienne et al. 1981; Thal et al. 1981; 
Brinkman et al. 1982; Dysken et al. 1982; Pomara et al. 
1983; Wettstein and Spiegel 1984; Bruno et al. 1985, 
Bruno et al. 1986; Davis et al. 1987; Harbaugh 1987; 
Heyman et al. 1987; Hollander et al. 1987; Davidson et 
al. 1988; Mouradian et al. 1988; Penn et al. 1988; Tariot et 
al. 1988; Newhouse et al. 1988; Harbaugh et al. 1989; 
Molloy and Cape, 1989; Vogel-Scibilia and Gershon 
1989; Sahakian et al. 1989; Read et al. 1990). 

Physostigmine was found to have postitve results in 
initial infusion studies (Davis et al. 1980; Christie et al. 
1981), but the studies done with oral administration were 
mostly discouraging (Caltagirone et al. 1982; Jotkovitz 
1983; Wettstein 1983; Schmechel et al. 1984; Mitchel et 
al. 1986; Stern et al. 1987; Stern et al. 1988; Jenike et al. 
1990a; Jenike et al. 1990b). Nevertheless, two recent trials 
suggested the possibility that a subgroup of AD patients 
could benefit from long-term treatment with physostigmine, 
and that it could decrease the rate of cognitive decline in 
these patients (Jenike et al. 1990c; Harrel et al. 1990). 

Tetrahydroamino acridine (THA) is a potent acetyl- 
cholinesterase that also has actions as a partial antagonist 
of morphine, promoting inhibition of cAMP phosphodi- 



esterase, selectively blocking K channels, inhibiting Na 
channel inactivation, down-regulating type 1 muscarinic 
receptors, altering phosphorylation, stimulating choliner- 
gic firing, and at high doses blocking pre- and postsynap- 
tic nicotinic and muscarinic receptors. Of 11 double-blind 
controlled trials with this agent in AD patients, 6 studies 
failed to show evidence of significant improvements in 
cognition (Chatellier and Lacomblez 1990; Fitten et al. 
1990; Gauthier et al. 1990; Molloy et al. 1991; Weinstein 
et al. 1991; Minthon et al. 1993), whereas 5 found signif- 
icant improvement (Eagger et al 1991: Eagger et al. 1992; 
Davis et al. 1992; Farlow et al. 1992; Knapp et al. 1994). 
A recent large trial (Knapp et al. 1994) using higher doses 
of THA (up to 160 mg/day) showed more consistent im- 
provement in cognition, but only one-third of patients us- 
ing the dose of 160 rag/day could tolerate the medication. 
Of the patients treated with THA in this trial 54% had 
increases of at least one alanine aminotransferase (ALT) 
value during the 30-week trial, and 29% had increases of 
at least 3 times the upper normal limit. Of all clinically 
significant elevations of ALT 90% occurred in the first 12 
weeks of treatment, and all resolved when the drug was 
discontinued. Watkins et al. (1994) reviewed the hepato- 
toxic side effects of THA in six multicenter trials that 
used doses from 20 to 160 mg/day and reported that in 
49% of the patients ALT was found to be increased in at 
least one occasion, on weekly liver-enzyme monitoring. 
This increase was at least three times the upper normal 
limit in 25% of cases. The discontinuation of the medica- 
tion reversed the ALT elevations in all cases, and no 
hepatotoxicity-related deaths were reported. Nevertheless, 
the rates of side effects by the different dose ranges used 
was not reported. In the higher dose groups, which are the 
ones shown to produce more clear benefits on cognition, 
the incidence of side effects is probably higher than the 
overall 49% for the entire group studied. 

The more recent THA data suggests that it might be 
useful for some mild-to-moderate AD patients, particu- 
larly in higher doses of 160 mg/day. For the patients that 
can tolerate the high incidence of side effects associated 
with these doses it seems to improve or slow the decline 
in various tests of cognitive function. However, the stud- 
ies reported thus far did not show conclusive evidence of 
substantial functional improvement. The recently reported 
findings by Knapp et al. (1994) that THA in higher doses 
would produce more consistently identified benefits still 
need to be replicated in other trials, and the safety of this 
drug for large groups of AD patients, particularly patients 
with systemic disease, is yet to be determined (Winker 
1994). 

Velnacrine maleate (9-amino-l,2,3,4-tetrahydroacri- 
dine-l-ol maleate), a THA derivative, was found to im- 
prove memory in animal models (Murphy et al. 1991), to 
have good oral bioavailability and to be well tolerated in 
young and elderly volunteers (Purl et al. 1989; Puri et al. 
1990). A dose of 225 mg/day was suggested to be safe for 
administration in AD patients (Cutler et al. 1990), and an 
initial trial with a single dose of 75 mg/day was shown to 
significantly improve word-recognition memory in AD 
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patients (Ebmeier et al. 1992). The effectiveness of this 
drug still awaits further testing in large controlled trials. 

Galanthamine is another acetylcholinesterase inhibitor 
that has been investigated, with contradictory results in 
preliminary small open trials (Rainer et al. 1989; Dal- 
Bianco et al. 1991), and E2020 is a new agent in this class 
that has been reported to be well tolerated in humans 
(Mihara et al. 1993; Ohnishi et al. 1993). 

Monoaminergic drugs 

Serotonin (5-HT) reuptake inhibitors have also been 
tested as possible agents to improve cognition in de- 
mented patients, but overall the studies with these drugs 
have not been promising (Bergmann et al. 1983; Cutler et 
al. 1985a; Dehlin et al. 1985; Olafsson et al. 1992). Some 
studies that did not find evidence of significant effects 
on cogniton, found improvement in behavioral symptoms 
associated with dementia including mood, anxiety, irri- 
tability and restlessness (Nyth and Gottfries 1990; Got- 
tfries et al. 1991; Gottfries et al. 1992). The 5-HT agonist 
meta-chlorophenylpiperazine (m-CPP) has also been 
tested in AD patients, without evidence of significant ef- 
fects on cognition (Lawlor et al. 1991). 

Initial animal studies suggested that the alpha-2 
adrenoreceptor agonists could be useful to treat cognitive 
deficits (Arnstein et al. 1988) but clinical trials with guan- 
facine and clonidine in AD have been disappointing (Mohr 
et al. 1989; Schlegel et al 1989; Crook et al. 1992). 

L-Dopa replacement is another strategy that was tried 
for the treatment of cognitive deficits in AD patients, 
without evidence of significant effectiveness when tested 
in double-blind conditions (Jellinger et al. 1980; Ferris et 
al. 1982). 

L-Deprenyl is a selective monoamine oxidase B 
(MAO-B) inhibitor that has been proposed to be useful for 
cognitive disorders. It also interferes with the production 
of free radicals from inactive substrates in the neurons, 
and has been hypothesized to alter the progression of the 
disease. Of six trials in AD patients (Tariot 1987; Piccinin 
1990; Finali et al 1991; Mangoni et al. 1991; Agnoli et al. 
1992; Burke et al. 1993), five found significant effects on 
cognition, but they involved mainly small samples followed 
for periods not longer than 6 months. The possibility that 
this drug might be useful for AD patients, with the potential 
for retarding the progression of the disease certainly de- 
serves more extensive investigation in larger trials for lon- 
ger periods of time. Such studies are currently underway. 

Milacemide is another MAO-B inhibitor tested as a 
potential cognition enhancer in AD patients, but reported 
trials have been disappointing (Dysken et al. 1992; Cutler 
et al. 1993). 

Neuropeptides 

The findings of decreased concentrations of different neu- 
ropeptides in postmortem brain samples of AD patients 
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gave rise to several attempts at treating AD cognitive 
symptoms with replacement of these agents. Clinical trials 
with several compounds, including gaba agonists (THIP- 
4,5,6,7-tetrahydroisoxazolo(5,4-C)pyridin-3-ol), lysine va- 
sopressin (LVP), vasopressin-related peptides (DDAVP-1- 
desamino-8-u-arginine vasopressin, and DGAVP-desglyci- 
namide arginine vasopressin), somatostatin analog (L363, 
586) thyroid releasing hormone (TRH), ACTH compo- 
nents 4-9 and 4-10, ACTH analog HOE 427, and a so- 
matostatin analog (octreotide) have been reported, with- 
out evidence of significant effects on cognition (Dornbush 
et al. 1976; Ferris et al. 1976; Branconier et al. 1979; 
Dornbush et al. 1981; Tamminga et al. 1982; Tinklenberg 
et al. 1982; Cutler et al. 1985b; Peabody et al. 1985; Soini- 
hen et al. 1985; Mohr 1986; Peabody et al. 1986; Mellow 
et al. 1989; Wolters et al. 1990; Siegfried 1991; Moura- 
dian et 1991; Heuser et al. 1993; Miller et al. 1993) 

Opiate antagonists 

Opiate antagonists were reported to increase learning and 
memory in animal models (Izquierdo 1980) and then were 
suggested to be potentially useful for the treatment of cog- 
nitive dysfunctions. Trials in AD patients have been con- 
ducted with naloxone (Panella et al. 1984; Steiger et al. 
1985; Henderson et al. 1989) and naltrexone (Hyman et 
al. 1985; Serby et al. 1986; Pomara et al. 1988), without 
indications of substantial benefits for cognition. 

Neurotrophic factors 

Neurotrophic growth factors (NGF) have been proposed 
to be relevant in the pathogenesis of AD with a hypothe- 
sis that a lack of NGF might be involved in the phys- 
iopathological process (Hefti 1983; Hefti and Will 1987). 
There is some evidence supporting this proposition, with 
NGF being beneficial for degenerating neurons and in- 
ducing hypertrophy in AD neurons (Williams et al. 1986; 
Haggs et al. 1988; Hoffman et al. 1990; Corsi and Coyle 
1991; Hefti and Schneider 1991). Thus, the development 
of strategies for effective administration of these agents 
might be a promising approach to the treatment of AD 
(Phelps et al. 1989; Koliatsos et al. 1993; Lapchak 1993; 
Olson 1993; Seiger et al. 1993). 

Gangliosides are neurotrophic factors with actions on 
membrane stability, maturation, and plasticity of neurons. 
Gottfries et al. (1983) initially reported GM1 decreased 
in AD brains. It has been tested in some trials with in- 
trathecal and most recently with subcutaneous or intra- 
muscular administration, without evidence of significant 
improvement in cognition (Svennerholm et al. 1990; Ala 
et al. 1990; Flicker et al. 1994). 

Actetyl-L-carnitine 

Actetyl-b-carnitine, the acetylester of carnitine, initially 
was thought to be a cholinergic agent, but was found later 

to also have antioxidizing and membrane stabiliz!ng ac- 
tions and to interfere with mitochondrial energy reserve, 
thus suggested to have neuroprotective properties (Cal- 
vani et al. 1992). The trials with this agent in AD patients 
have yielded some promising results (Bonnavita 1986; 
Rai et al. 1990), and two recent studies conducted over 
longer periods of time (6-12 months) found that it could 
significantly retard the cognitive deterioration (Spagnoli 
et al. 1991; Sano et al. 1992). These initial findings await 
confirmation in other controlled trials over longer periods 
of time. 

ACE inhibitors 

Angiotensin converting enzyme (ACE) inhibitors were 
found to facilitate cholinergic transmission and improve 
cognitive performance in animal models. Angiotensin II 
decreased acetylcholine release in the rat and human cor- 
tex through angiotensin II receptors (Barnes et al. 1989). 
Angiotensin was found in animal models to negatively af- 
fect cognition (Morgan and Routtenberg 1977), and more 
recently captopril was reported to have a positive effect 
on cognitive performance in rats (Mondadori and Etienne 
1990). The ACE activity was reported to be increased in 
brains of AD patients compared to normal contorls (Ar- 
regui et al. 1982). 

Croog et al. (1987) reported that patients treated for 
hypertension with captopril had subjective and objective 
benefits in cognitive functions compared to patients treated 
with other antihypertensive drugs. Nevertheless, a con- 
trolled trial with cenarapril in AD patients failed to yield 
significant beneficial results (Sudilovsky et al. 1993). Thus, 
there is no clear indication so far that these agents might 
be effective as cognitive enhancers. 

Calcium channel blockers 

Calcium channel blockers were reported to decrease vas- 
cular tone in animal brains, and to prevent or restrict cere- 
brovascular spasms and maintain tissue viability by limiting 
calcium overload (Harris et al. 1982; LeVere et al. 1989). 

Nimodipine, a calcium channel blocker, was found to 
positively affect learning and memory in animal models 
(Deyo et al. 1989). Three recent multicenter controlled tri- 
als in AD patients suggested that this drug may be benefi- 
cial, slowing the cognitive decline (Tollefson 1990) and 
improving measures of behavior and cognition (Ban et al. 
1990; Parnetti et al. 1993). These studies await further 
confirmation. 

Xanthine derivatives 

Denbufylline, a new xanthine derivative, was tested in a 
controlled multicenter trial with 96 mild-to-moderate AD 
and MID (multiinfarct dementia) patients, and significant 
effects on psychometric measures in both groups were re- 
ported (Saletu et al. 1992). Propentofylline was tested in a 
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recent controlled trial with mild dementia patients, with- 
out significant effects on measures of cogniton (Saletu et 
al. 1990, 1991). Thus, this class of agent awaits further in- 
vestigation of its potential as a cognition enhancer. 

Glutamatergic approaches 

Glutamate is a main neurotransmitter in the cortical pyra- 
midal neurons, which is probably the most important area 
for corticocortical associative connections. A decrease in 
these connections secondary to the loss of pyramidal neu- 
rons could account for part of the symptoms of AD (Fran- 
cis et al. 1993). Excitatory amino-acid-mediated excito- 
toxicity can cause lesions similar to the neurofibrillary tan- 
gles of AD, and N-Methyl-D-Aspartate (NMDA) receptor 
blockers were found to protect against ischemic and exci- 
tatory amino-acid-mediated cortical lesions (Greenamyre 
and Young 1989; Palmer and Gershon 1990). Glutamater- 
gic augmentation and receptor blockade have been re- 
cently proposed for the treatment of AD cognitive deficits 
(Lawlor and Davis 1992). The glutamatergic blockade 
could prevent excitatory amino acid toxicity, and en- 
hancement o f  glutamatergic transmission could enhance 
intracortical connections and favor learning and memory 
(Davidson and Stern 1991). 

D-cycloserine (D-4-amino-3-isoxazolidone) has been 
shown to favor learning in animals (Monahan et al. 1989) 
and to be a partial agonist at the glycine site (Hood et al. 
1989; Henderson et al. 1990; Watson et al. 1990). It has 
been proposed as a possible approach for the treatment of 
AD (Breitner et al. 1994), but preliminary data is not 
promising. 

Breimer et al. (1994) reported a case-control study of AD 
twins showing a significant negative association between 
use of anti-inflammatory agents and occurrence of AD, 
suggesting that these drugs could interfere with the on- 
set of AD symptoms. A recent controlled trial of indo- 
methacin in mild-to-moderate AD patients over a period 
of 6 months produced a significant decrease in the cogni- 
tive decline rate (Rogers et al. 1993). Thus, recent re- 
search with these agents in AD patients produced promis- 
ing results that await further evaluation in larger con- 
trolled studies. 

Aluminum chelation therapy 

Increased concentration of aluminum has been found in 
the neurofibrillary tangles of AD brains, originating hy- 
potheses that aluminum may have a role in the patho- 
genesis of this disease (Shore and Wyatt 1983). These 
ideas suggested that chelation therapy could be useful as a 
potential agent for treatment of AD (Kruck and McLahan 
1989). A 2-year single-blind trial with intramuscular ad- 
ministration of desferrioxamine to a sample of AD pa- 
tients was reported to produce a 50% decrease in the rate 
of cognitive decline (McLachlan et al. 1991). This initial 
data needs to be further explored in larger double-blind 
trials. Additionally, this drug is frequently related to sig- 
nificant toxicity and needs intramuscular administration. 
Other options to aluminum chelation therapy need to be 
developed with less toxicity and preferably for oral ad- 
ministration. 

Conclusions 

Beta-amyloid manipulations 

The beta-amyloid peptide is a self-aggregating protein of 
42-43 amino acids that has been found to be deposited in 
brains of AD patients. This deposit might have an impor- 
tant role in the pathogenesis of AD, and it is possible that 
the secretion of the amyloid protein can produce mem- 
brane damage. The amyloid formation can be related to 
the proteolytic cleavage of the membrane, and it could be 
a primary event in the pathogenesis of the disease. Thus, 
therapies that influence the production of beta-amyloid 
may have a potential for use in the treatment of AD 
(Caputo and Salama 1989; Davis 1989; Caputo et al. 
1992), but this approach is currently very limited because 
of our lack of knowledge on the role of the beta-amyloid. 
Progress in the understanding of this process might bring 
new possibilities for the development of effective thera- 
peutic interventions. 

Anti-inflammatory agents 

Anti-inflammatory agents have been recently suggested 
to affect the course of AD (McGeer and Rogers 1992). 

The variety of compounds tested over the past 25 years as 
potential treatments for AD cognitive deficits have overall 
failed to produce consistent benefits when tested in large 
well-controlled trials. The limited knowledge of the 
pathogenesis of AD is a major factor in this lack of suc- 
cess. As the abnormalities found in AD involve different 
brain systems the attempts at replacing a single neuro- 
transmitter are probably limited in producing more con- 
siderable advances. Levy (1990) has even suggested that 
until we have a better understanding of the process in- 
volved in the pathological abnormalities present in AD it 
is not realistic to expect definitive treatments for this con- 
dition. Nevertheless, although a single transmitter deficit 
model for the pathogenesis of AD is not defensible, there 
is recent evidence that some neurotransmitter replacement 
strategies might be somewhat beneficial for palliation, 
mainly in the early stages of the disease, as the recent 
THA studies seem to suggest (Farlow et al. 1992; Knapp 
et al. 1994). Combination strategies have also been tested 
with drugs acting in different neural systems, and several 
regimens tested thus far failed to produce evidence of 
meaningful benefits. 

The more recent data with THA suggests that it might 
have a palliative effect in AD when administered in higher 
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doses.  In the context  o f  no avai lab i l i ty  o f  t rea tments  that 
wou ld  p roduce  substant ia l  benefi ts ,  some chance  o f  tem- 
pora ry  improvemen t  for  the pat ients  who can tolerate ap- 
propr ia te  doses o f  the medica t ion  might  be  an advance  in 
the t rea tment  o f  this condit ion.  In these h igher  doses (160 
mg/day)  T H A  seems to p roduce  more  not iceable  benefi ts  
on cogni t ion.  Never theless ,  these f indings  still  need  to be 
conf i rmed  in other  independent  trials. The poss ib i l i ty  o f  
deve lopmen t  o f  other  chol inerg ic  a l ternat ives  wi th  fewer  
side effects than T H A  is also an area  of  current  invest iga-  
t ion (Beermann  1993). 

New research deve lopment s  in the pa thogenes i s  of  A D  
m a y  br ing new poss ib i l i t ies  o f  advances  in the pharma-  
co therapy  o f  this disease.  The  main  areas  o f  research cur-  
rent ly focus on the s tudy o f  amylo id  deposi t ion,  nerve 
growth  factors,  the role of  the exci ta tory  amino  acids  in 
neuronal  degenerat ion,  and the re la ted Ca > accumula t ion ,  
as wel l  as the search for b io log ica l  markers  for the dis-  
ease. Eventua l  b io log ica l  markers  could  be used  for ear ly  
detect ion o f  the disease,  or  to ident i fy  subgroups  o f  pa-  
t ients that could  respond  to different  t rea tment  strategies.  
In this par t icular  area  the recent  deve lopmen t s  on the 
Apo l ipop ro t e in  E studies (Saunders  et al. 1993; Peacock  
and F ink  1994; Brousseau  et al. 1994) hold  the p romise  of  
s ignif icant  progress  in this field.  Ano the r  area of  invest i -  
gat ion is the use o f  neural  grafts for  the t rea tment  o f  this 
d i sease  (Fisher  et al. 1993). 

The  t rea tment  s trategies p roposed  as be ing  able  to in- 
terfere with the progress ion  of  the disease,  par t icular ly  
an t i - in f l ammatory  agents,  ca lc ium channel  b lockers ,  
NGF,  phosphat idy lser ine ,  acetyl-L-carni t ine,  L-deprenyl ,  
and neural  t ransplants ,  are p romis ing  research  f ields that 
can lead  to more  meaningfu l  advances  in the t rea tment  o f  
AD.  Futher  bas ic  research in this f ield,  resul t ing in a bet-  
ter unders tanding  o f  its phys iopa tho logy ,  the deve lopmen t  
o f  more  appropr ia te  an imal  models ,  as wel l  as more  effec- 
t ive s t rategies  for  faster  prec l in ica l  test ing of  new com-  
pounds  are factors that wi l l  contr ibute  in the search for  
bet ter  s trategies for the t rea tment  of  this condi t ion.  
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