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Abstract. Alzheimer's disease is the most common type of progressive and debilitating dementia affecting aged 
people. In some early - as well as late-onset familial cases, a genetic linkage with chromosomes 14, 21 (early-onset) 
or 19 (late-onset) has been indicated. Furthermore, a direct or indirect role has been attributed to normal or 
structurally altered amyloid [3-protein (concentrated in senile plaques) and/or excessively phosphorylated tau protein 
(located in nei~rofibrillary tangles). Degeneration of cholinergic neurons and concomitant impairment of cortical and 
hippocampal neurotransmission lead to cognitive and memory deficits. Several compourids are being tested in 
attempts to prevent and/or cure Alzheimer's disease, including tacrine, which has very modest efficacy in a sub-group 
of patients, and new acetylcholinesterase inhibitors. Pilot experiments have also been launched using nerve growth 
factor (NGF) to prevent or stabilize the processes ofcholinergic pathway degeneration. Alternatively, antioxidants, 
free radical scavengers and/or non steroidal anti-inflammatory agents may be screened as potential therapies for 
neurodegenerative diseases induced by multiple endogenous and/or exogenous factors. The recent use of transgenic 
mice, in parallel with other genetic, biochemical and neurobiological systems, in vivo and/or in vitro (cell cultures), 
should accelerate the discovery and development of specific drugs for the treatment of Alzheimer's disease. 
Key words. Alzheimer's disease; chromosomes 14, 19, 21; amyloid [3-protein; spirochetes; tau protein; choline 
transporter; cholinergic neurons; acetylcholinesterase inhibitors; tacrine; antioxidants; free radicals; nerve growth 
factor (NGF); indomethacin; apoptosis; nitric oxide. 

Introduction 

Alzheimer's disease (AD) is the most common neurode- 
generative disease of old age and affects millions of 
people over the age of 65 in the western world. AD is 
accompanied by the gradual and progressive loss of 
functional and psychomotor abilities. In the final stage 
of the illness, patients are severely demented and loss of 
ambulation occurs, accompanied by grasping and suck- 
ing reflexes 17. Unfortunately, at present there is practi- 
cally no effective treatment to prevent or slow the 
progression of this distressing neurodegenerative ill- 
ness s. 

Epidemiological and genetic studies of AD 

It has long been thought that AD could be caused by 
many different factors, both environmental and genetic. 
This belief has been supported by linkage studies which 
indicate aetiological heterogeneity (ref. 22 and refer- 
ences therein). Considerable progress has been made in 
determining the identity of the proteins and molecular 
pathology involved in AD, the most widely known of 
which are the inevitability of AD in Down's syndrome 
patients with trisomy of chromosome 21, and the point 
mutations of the [3-amyloid precursor protein gene on 
chromosome 21 (ref. 25). 
Genetic mutations responsible for early-onset familial 
forms of AD may also affect chromosome 14 (ref. 52). 

In contrast, mutations on chromosome 19 and the con- 
comitant expression of variant apolipoprotein E4 
(ApoE4) from ApoE gene (e4 allele) are associated with 
sporadic and late-onset familial forms of A D  76. Again, 
the most plausible hypothetical link between ApoE4 
and AD involves the [3-amyloid cascade, since a colocal- 
ization of ApoE4 and amyloid-[3-protein ([3/A4) was 
found in the brains of AD patients 53. Furthermore, the 
e4 allele was shown to be strongly connected with 
increased vascular and plaque 13/A4 deposition in brains 
of patients who died with late-onset AD 66. However, 
these genetic causes of AD account for a small propor- 
tion of patients who suffer from the disease (less than 
1%). It is probable that the overwhelming majority of 
cases is caused by a variety of environmental factors 
which may be either sufficient to trigger disease by 
themselves, or sufficient when acting synergistically with 
the patient genotype 65. In this context, it is worth noting 
that previous research into the causes of AD has 
pointed to a possible impairment of glucose transport 3~ 
This metabolic abnormality and its putative impact on 
cellular and molecular mechanisms of the sporadic type 
of AD dementia have been reviewed recently 34. 

Senile plaques and amyloid p-protein: direct or indirect 
link with AD? 

Despite the apparent aetiological heterogeneity of AD, 
few topics in neuroscience have generated more interest 
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in recent years than the role attributed to the [3/A4 and 
its much larger precursor protein (~APP) 1,37'68'69. Al- 
though a direct neurotoxic effect of [3/A4 in vivo and in 
vitro is still a matter of hot controversy 47, the deposition 
of t3/A4 in the brain (concentrated in the senile plaques) 
and its microvasculature is an invariable feature of AD 
that appears to precede the onset of dementia by many 
years. However, a strict correlation between 13/A4 depo- 
sition, which can occur in various brain regions, and 
neurodegenerative events is far from unequivocally 
demonstrated. Furthermore, a substantial [~/A4 deposit 
can be observed in the brains of many elderly individu- 
als, who are not at all affected by cognitive deficiencies. 
Nevertheless, it had been assumed that the proteolytic 
release of 13/A4 from the transmembrane region of 
[3APP was an aberrant event, requiring prior membrane 
injury. However, it has recently been shown that 13/A4 is 
continuously secreted from healthy neural and non-neu- 
ral cells in culture and circulates in human CSF and 
blood 27. This finding has led to many studies of the 
dynamics of f3/A4 formation and clearance in health 
and in genetic forms of AD. A potential therapeutic 
targeting of AD at this level has been also envis- 
aged 18"59"69. A recent communication has shown that 
activation of the protein kinase C signal transduction 
pathway down-regulates the generation of the amy- 
loidogenic 13/A4 peptide 3s. Pharmacological agents that 
activate this system, including a variety of first messen- 
gers, could theoretically slow the development or 
growth of some 13/A4 plaques during the early stages of 
AD 35. 

Surprisingly, a first report by Miklossy 49 has shown that 
spirochetes can be observed in blood, cerebrospinal 
fluid and brain from AD patients, in addition to a 
positive immunoreaction with monoclonal antibodies 
against the amyloid [3-protein precursor. These results 
would suggest a causal relationship between spirochetes 
and AD, the parasites being the source of the 13/A4 
deposits in the brain of patients. This possible relation- 
ship was debated in an accompanying editorial com- 
ment 29. A further ultrastructural examination of the 
identity of the infectious microorganisms has strength- 
ened the first observation 5~ However, the new argu- 
ments are exclusively morphometric, leaving many 
puzzling questions unsettled 29. 

Neurofibrillary tangles and the tau protein connection 

Detection of numerous neurofibrillary tangles (NFT) in 
the brain of patients affected by AD is another com- 
mon, and apparently more significant, pathological fea- 
ture of the illness 26,37,45. Electron microscopy shows this 
fibrillary material to be made of paired helical filaments 
(PHF), which, in turn, are derived from microtubule-as- 
sociated proteins (MAP). Tau protein, a constituent of 
normal brain, appears to be the main component 

of  P H F  42,54. In AD, abnormally phosphorylated in- 
soluble forms of tau (e.g. tau protein A68) are involved 
in the formation of PHF and are responsible for the 
major structural and functional changes 74. Thus, PHF 
may result from excessive phosphorylation of normal 
tau, which in turn could interfere with the ability of tau 
to stabilize microtubules, leading to disruption of neu- 
ronal transport and reducing cell viability. A protein 
kinase that phosphorylates PHF proteins in vitro has 
been identified in brain tissue preparations from pa- 
tients with AD 77. Attempts to block the aberrant phos- 
phorylation of tau proteins could have therapeutic 
potential. 

Cholinergic neurons: possible pharmacological targeting 

Based on other fundamental features of AD pathology, 
another possible therapeutic avenue is a reactivation of 
the cholinergic system 62. This strategy is based on the 
hypothesis that AD is associated with decreased central 
cholinergic transmission that contributes significantly to 
the cognitive impairment associated with this disorder 9. 
Several observations favor such a hypothesis. For ex- 
ample, there are large reductions in the activity of 
choline acetyltransferase (CAT) in the cortex and the 
hippocampus of brains of patients with AD, and this is 
believed to be due to the degeneration of cholinergic 
neurons originating in the nucleus basalis of Meynert. 
There is also an apparent correlation between the re- 
duced CAT activity and the severity of the dementia 
measured by cognitive and behavioral rating scales. 
Furthermore, muscarinic antagonists such as scopo- 
lamine impair cognitive performance in normal sub- 
jects, whereas in animals, muscarinic agonists have been 
found to reverse the effects of cholinergic lesions 9,62. 
Therefore, the cholinergic hypothesis predicts that po- 
tentiation of central cholinergic function should amelio- 
rate the cognitive impairment associated with AD. 
Another abnormality of the cholinergic system was re- 
cently found in the brains of patients affected by AD 72. 
Unexpectedly, the high affinity choline transporter in 
the cortical regions was found to be overexpressed, due 
to a possible acceleration in the frequency of firing of 
surviving neurons. This adaptive reaction would result 
from the loss of cholinergic neurons and concomitant 
impairment of neurotransmission that occur in the dis- 
ease. Since the acceleration of firing may be detrimental 
to the cholinergic cells, it was proposed that drugs (e.g. 
muscarinic agonists) which would decrease neuronal 
firing could restore cholinergic transmission 72. 
Unlike the pharmacological targeting of cholinergic 
neurons, a strategy aimed at the modulation of 
monoamine neurotransmitters (e.g. serotonin, do- 
pamine and noradrenaline) does not appear to be sup- 
ported by experimental data. Studies relating these 
neurotransmitters to the symptomatology of AD indi- 
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cate that their dysfunction is more closely linked to 
normal aging and/or to non-cognitive than to cognitive 
changes. This topic has been reviewed recently ~7. 

The substitution therapy of AD: efficacy of 
acetylcholinesterase inhibitors? 

This therapy is based upon the simple premise that if 
the cognitive deficits are due to the loss of cholinergic 
activity, then enhancing this activity with choline sup- 
plementation (lecithins) and/or acetylcholinesterase in- 
hibitors might attenuate the deficits. While this strategy 
has proved useful in the symptomatic treatment of 
Parkinson's disease with L-dopa, it has not been really 
effective in AD 78. Most multicenter trials aimed at 
the reactivation of cholinergic pathways have been 
performed with tacrine (tetrahydroaminoacridine, 
Cognex<~). This potent, centrally active and reversible 
acetylcholinesterase inhibitor was first available in Aus- 
tralia in the mid 1940s, when it was used together with 
morphine to lessen respiratory depression without 
affecting analgesia. Tacrine has been used alone, or in 
combination with lecithin, to treat AD 6,13,14,16,21. None 
of the larger, better-controlled studies confirmed the 
dramatic clinical efficacy of an earlier trial performed 
with only 17 patients 75. At best, some showed a slight 
but statistically significant improvement in one parame- 
ter 6'21. Only a small percentage of patients, moderately 
affected or treated at an early stage of AD, seem to 
benefit from the drug 16. 
In effective doses (80 to 160 rag/day) tacrine has several 
peripheral side-effects (mainly gastrointestinal troubles 
resulting from cholinergic activation), although these 
are mild and transient. A dose-dependent and normally 
reversible hepatotoxicity has also been detected in most 
clinical studies, including a recent multicenter clinical 
trial applied to 2446 men and w o m e n  79. 

Velnacrine, a 1-hydroxy-derivative of tacrine, was de- 
veloped to lessen the hepatotoxicity by facilitating glu- 
curonidation and elimination 7~ Its efficacy as well as its 
tolerability are still to be evaluated on a larger number 
of patients for prolonged periods of time ~4. Other 
acetylcholinesterase inhibitors have been proposed and/ 
or tested as AD treatments 4~ These include the earliest 
described, physostigmine and pyridostigmine. The for- 
mer has too many peripheral and central side-effects, 
while its derivative epastigmine (heptylphysostigmine, 
MF 201) has been recalled due to haematological prob- 
lems 4~ The second does not cross the blood-brain bar- 
rier, and thus it does not significantly improve cognitive 
function in AD patients 5j. Among other new inhibitors 
presently under investigation are galanthamine (a ter- 
tiary amine of the phenanthrene group) and epigalan- 
thamine; huperzine A, an alkaloid extracted from a 
Chinese club moss (Huperzia serrata); metrifonate 
(trichlorfon), a long-lasting inhibitor used for the treat- 

ment of schistosomiasis; SDZ ENA 713, a centrally-ac- 
tive, selective and long-lasting inhibitor, which enters 
into the CNS after parenteral and oral administration; 
and SM-10888 (9-amino-8-fluoro-l,2,34-tetrahydro-2,4- 
methanoacridine citrate) that is almost equipotent with 
tacrine at inhibiting acetylcholinesterase activity. A 
comparative survey of the pharmacological and possible 
therapeutic properties of these agents has been pub- 
lished recently 4~ The list of additional centrally active 
inhibitors includes NIK-247 (9-amino-2,3,5,6,7,8-hex- 
ahydro-lH-cyclopenta(b)-quinoline monohydrate hy- 
drochloride), a 4-aminopyridine derivative and MDL 
73745 (ref. 23, 82). 

Neurotrophic factors enter the clinic 

Attempts to treat AD with the neurotrophin NGF 
(Nerve Growth Factor), which could counter the degen- 
eration of cholinergic neurons projecting to the 
hippocampus, a recognised memory center, were re- 
cently initiated 4~. Keeping the cholinergic neurons alive 
would then be another possible AD therapy. A prelimi- 
nary study performed in Sweden has shown that infu- 
sions of NGF into the brain of a patient can improve 
performance in a memory test 56. Other similar trials 
have been launched in the USA 2. The investigators do 
not expect NGF to cure the disease; the hope is that 
NGF treatment would have, at best, a significant be- 
havioral effect. Other neurotrophins, neuronal growth 
factors or insulin-like growth factors are under investi- 
gation for other neurological diseases where current 
therapies are virtually non-existent 2. 

Alternative therapies of AD 

A heterogenous collection of natural or synthetic agents 
has been tested and/or proposed for the treatment of 
AD 12. Many vasodilator drugs are used in peripheral as 
well as cerebral arterial diseases including the various 
forms of dementia 1~ Nevertheless, the apparent va- 
sodilatory action of these drugs is far from beneficial in 
all cases. Some other drugs having no direct vasodila- 
tory action were also prescribed for similar pathological 
conditions. These include nootropic drugs (e.g. pirac- 
etam and analogs, ergot alkaloids, Ginkgo biloba, etc.) 
as well as non specific (cinnarizine and flunarizine) and 
specific (nimodipine) calcium channel antagonists. As a 
result, the term of 'cerebroactive' drugs was coined to 
designate a new heterogenous family of agents used in 
the treatment of cerebral insufficiencies (Age Related 
Mental Diseases), as well as vascular dementia (Multi- 
ple Infarct Dementia) and presenile or senile demen- 
tia of AD type 73. Pharmacological specificity (using 
appropriate in vivo and in vitro models) and clinical 
indications remain to be re-evaluated for every com- 
pound except nimodipine/Nimotop "~> (prevention of 
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cerebral ischaemia following sub-arachnoid haemor- 
rhages). No such drug has yet been proven to be useful 
in the treatment of AD. although one (co-dergocrine/ 
Hydergine ~ thal is very popular in European countries) 
has been authorized by the FDA for 'idiopathic decline 
in mental capacity', a condition that may accompany 
the aging process or the various forms of dementia. 
A new therapeutic approach has recently been under- 
taken with the 6-month, double-blind, placebo-con- 
trolled administration of 100 to 150 mg/d indomethacin 
to protect mildly-to-moderately impaired AD patients 
from the degree of cognitive decline expected in a 
matched, placebo-treated group 63. The rationale of this 
therapy derives from the findings that in the brain of 
AD patients, numerous acute phase reactants and im- 
mune-related markers are present, very often in associa- 
tion with amyloid-13-protein deposits 63. If it can cross 
the blood-brain barrier, an appropriate non-steroidal 
anti-inflammatory drug (NSAID) should be able to 
inhibit the cascade of immuno- and inflammatory- 
reactions that initiates and/or follows the course of 
AD. The therapeutic potential of indomethacin and 
other NSAIDs for the treatment of this neurological 
illness has recently been discussed 64. Since larger clinical 
trials are presently underway, the results are eagerly 
expected. 

A place for antioxidants and/or free radical scavengers? 

It is worth mentioning that several attempts have been 
made to develop more specific 'cerebroactive' agents 31 or 
new types of anti-ischaemic drugs 3,15, among them corti- 
costeroids, modulators of arachidonate metabolism, 
gangliosides, monoamine modulators, opioid receptor 
antagonists, TRH and its analogs, NMDA receptor 
antagonists, platelet-activating factor antagonists, as 
well as antioxidants and free-radical scavengers 15. The 
potential therapeutic impact of antioxidants and free- 
radical scavengers should be extended to CNS pathology 
in general. There is an increasing amount of experi- 
mental evidence that oxidative stress is a causal, or 
at least an ancillary, factor in the neuropathology of 
several adult neurodegenerative disorders, as well as in 
stroke, trauma, and seizureslk Understanding the rela- 
tionship between oxidative stress and, for example, 
glutamate neurotransmission, could lead to the develop- 
ment of pharmacological interventions that disrupt this 
chain of pathological events without impairing excita- 
tory neurotransmission ~ l. 55. It has also been shown that 
endogenous antioxidants, such as ~-tocopherol (vitamin 
E), ubiquinols (coenzyme Q), retinoic acid (vitamin A) 
and ascorbic acid (vitamin C), are reduced following 
CNS trauma 43. Coupled with the depletion of mem- 
brane-bound gangliosides, this loss of endogenous re- 
ductive capacity may permit an uncontrolled progression 
of enzymatic and peroxidative hydrolytic damage to 

cellular membranes. Reversal of this process provides the 
rationale for antioxidant replacement therapies 2848"67. 

Free radicals and programmed cell death (apoptosis) 

The recent renewal of interest in free radicals comes from 
the evidence for a potential link between oxidative stress 
and programmed cell death (PCD) or apoptosis 5 tt_60 
PCD and apoptosls are often used interchangeably to 
describe a mechanism of cellular death that is believed to 
play an important role in a wide variety of physiological 
situations, and that when dysregulated can contribute to 
the pathogenesis of many diseases, including AD. Solv- 
ing the puzzle of apoptosis will not only improve our 
understanding of many basic biological processes, but 
might also have major therapeutic implications. A num- 
ber of gene products have been implicated in the control 
of, or participation in. apoptosis 46. Recently, the bcl-2 
gene has emerged as a critical regulator of PCD in a 
variety of physiological and pathological contexts 19'61 . It 
appears that bcl-2 prevents cell death by decreasing 
the net cellular generation of reactive oxygen spe- 
cies 33'36'38. An extended study of the relationship be- 
tween bcl-2 control of PCD, generation of free radicals 
(with or without the participation of nitric oxide forma- 
tion), and neurodegeneration seems to be a very promis- 
ing approach for pharmacological modulation at this 
level. The therapeutic use of  survival factors (that remain 
to be discovered) could well revolutionize the treatment 
of conditions in which cells die in the nervous system 6~ 

The nitric oxide connection: friend or foe? 

Oxidative stress (possibly leading to neurodegenerative 
processes) can also generate nitric oxide (NO) via the 
calcium-dependent activation of NO-synthase, and this 
occurs when excess glutamate is released in an ischaemic 
situation 7. The concomitant formation of superoxide/hy- 
drogen peroxide might lead to a synergy between the 
cytotoxic effects of NO and these active oxygen species 7~. 
However, it has recently been shown that NO is able to 
protect against cellular damage and cytotoxicity from 
reactive oxygen species 81. The question remains whether 
NO is 'friend or foe to the injured brain '7. Pharmacolog- 
ical modulation of NO-synthase activity or NO seques- 
tration is now also feasible in CNS preparations, 
including cell culturesZ~ Thus, further investigation at 
the level of a possible synergistic or antagonist relation- 
ship between NO and reactive oxygen species may 
provide useful information about the neurodegenerative 
process and its treatment. 

Animal models of AD and transgenic mice 

Up to now, the neuropathological changes associated 
with AD have been studied using different experimental 
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an imal  models.  These include rabbits,  cats and rats 

treated with a luminium salts, inducing neurofibr i l lary 

degenerataon; rats or  monkeys  injected with var ious  

neuro toxins  ( ibotenic.  kainic, quinolic,  quisqual ic  and 

N-methy l -D-aspar t i c  acids); aged rats ( somet imes  aged 

monkeys)  in which pathologies  associated with normal  

aging may  be detected s~ In general,  these animal  mod-  

els have been used to investigate the effectiveness or  

usefulness o f  specific pharmacotherapies .  The  drugs are 

often effective in the animal  model  but  ineffective in 

pat ients  with A D  Mos t  a t tempts  are directed only 

toward  the Improvemen t  o f  the chol inergic  deficit asso- 

ciated with A D  s~ and tend to ignore  the effects o f  

degenera t ion  in nonchol inergic  neural  systems. These 

animal  models  may  therefore be invalid because they do 

no t  mimic  all o f  the pathologica l  and neurochemica l  

componen t s  associated with A D  8~ 

Consequent ly ,  the desire for a more  appropr ia te  animal  

mode l  to study bo th  the cause o f  A D  and any potent ia l  

t reatments ,  has spurred several efforts over  the past  few 

years to engineer  genetically mice that  would  mimic  A D  

symptoms.  These efforts did not  meet  with much suc- 

cess unti l  last year. Recently,  two groups have been able 

to in t roduce  the 13APP h u m a n  gene into mice that  then 
make  a lmost  as much  human  as mouse  13APP 39,58. Nei-  

ther g roup  has yet seen any sign that  their  mice are 

developing  plaques  or  o ther  types o f  A D  pathology.  It 

is quite  possible that  excess 13APP produc t ion  may  not  

be at fault  in the first place. Both groups  are now 

mov ing  ahead to the next  step, which is to insert into 

mice the mutan t  13APP genes that  have been l inked to 

heredi tary early-onset  A D  in some families. Whe the r  

these muta t ions  can now cause pa tho logy  in mice is 

under  intense invest igat ion.  

Note added in proof 
Dur ing  the final steps o f  the edi tor ial  process, I have 

become aware o f  the existence o f  a new type o f  acetyl- 

cholinesterase ( A C H E )  inhibi tor ,  namely  Ro  46-5934 ,  

which is also able to behave as a muscar in ic  M2-an-  

tagonist  in vi tro 4. As a result, R o  46 5934 would  ame- 

l iorate  cholinergic t ransmission by A C H E  inhibi t ion 

and b lockade  o f  a feed-back mechan i sm ( th rough  

presynapt ic  M2 receptors) that  reduces acetylcholine 

release. 
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