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Alzheimer’s disease is a devastating neurodegenerative disorder manifested by deterioration in 
memory and cognition, impairment in performing activities of daily living, and many behavioral and 
neuropsychiatric illnesses. The pathological hallmark of Alzheimer’s disease is widespread neuritic 
plaques which are accumulations of amyloid beta protein and neurofibrillary tangles. Studies report 
that deficit in cholinergic system is responsible for cognitive decline and memory loss in patients with 
Alzheimer’s disease. Various pharmacologic approaches are developed for the treatment of Alzheimer’s 
disease. The leading edge therapies of Alzheimer’s disease are approved drugs; Acetylcholinesterase 
inhibitors and NMDA receptor antagonist. The experimental therapies are mostly disease modifying and 
have neuroprotective approaches. Gamma secretase inhibitors aim to reduce amyloid beta formation. 
Antioxidants, antiinflammatory agents and statins help by preventing oxidation and inflammation. 
PPAR gamma agonists, estrogen, heavy metal chelators, 5HT6 antagonists and nicotinic receptor 
agonists are other therapeutic strategies likely to alter the current treatment paradigm of Alzheimer’s 
disease. The behavioral abnormalities are best treated first by non-pharmacologic interventions. The 
pharmacological agents used for treatment of Neuropsychiatric illnesses include antipsychotics, 
antidepressants and mood stabilizers. Treatment of Alzheimer’s disease also includes health 
maintenance activities and proper nursing care of the patients.  
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INTRODUCTION 
 
Alzheimer’s disease (AD) is a devastating neuro-
degenerative disorder manifested by deterioration in 
memory and cognition, impairment in performing 
activities of daily living, and many behavioral and neuro-
psychiatric illnesses (Cummings, 2004). Alzheimer’s 
disease is the most common form of dementia in the old 
age. The percentage of persons with Alzheimer disease 
increases by a factor of 2 with every 5 years of age, so 
1% of 60 year old and 30% of 85 year old have the 
disease. By 2050, the number of cases in US is predicted 
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to rise to 13.2 million (Herbert et al., 2003). An Indo-US 
study assessed prevalence of Alzheimer disease in a 
setting of rural India.  

They found that the prevalence of Alzheimer disease 
was low, increased with age and was not associated with 
gender and literacy (Chandra et al., 1998). In 2000, India 
had 3.5 million patients with Alzheimer disease as 
against US, which had 4.5 million patients with Alzheimer 
disease. But with an increase in the geriatric population in 
India, number of AD patients is growing at a phenomenal 
rate. In 2005, the geriatric population was 10% of the 
whole population. By the year 2021, every seventh Indian 
will be a senior citizen 
(www.alzheimerdiseaseinindia.blogspot.com). (What 
happens in Indian Scenario?) 

The course of Alzheimer disease is unique for every 
patient, but there are many common symptoms. The 
earliest stages  are  characterized  mainly  by  short  term  
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memory loss. As the disease advances, there is 
progressive disablement in doing higher level activities to 
basic activities of daily living. In advanced stages, 
symptoms include confusion, aggression, mood changes, 
long term memory loss and social withdrawal (Mega et 
al., 1996; Galasko et al., 1997; Waldemar et al., 2007; 
Tabert et al., 2005).  

Alzheimer disease is diagnosed clinically from the 
patient’s history, history from the relatives and clinical 
observation. Advanced medical imaging with Computed  
Tomography (CT), Magnetic Resonance Imaging (MRI), 
with Single Photon Emission Computed Tomography 
(SPECT), or Positron Emission Tomography (PET) can 
be used to exclude other cerebral pathologies (Mendez, 
2006). Neuropsychological tests such as Mini Mental 
Status Evaluation (MMSE) are used to evaluate the 
cognitive impairment and to confirm the diagnosis of 
Alzheimer disease (Tombaugh, 1992). 

Research indicates that Alzheimer disease is asso-
ciated with amyloid plaques and neurofibrillary tangles in 
the brain (Tiraboschi et al., 2004). Currently approved 
therapies offer symptomatic benefit. Drugs, which delay 
or halt the progression of the disease, are still under 
experimental phase. In Alzheimer disease, health main-
tenance and general care of the patient is very essential. 
The role of the main caregiver is an integral part of the 
treatment (Thompson et al., 2007). 

The present review aims to study the approved as well 
as experimental therapies for Alzheimer disease. A short 
overview of future perspectives is also noted.  
 
 
PATHOPHYSIOLOGY 
 
Alzheimer’s disease is characterized by atrophy of 
cerebral cortex and loss of hippocampal and neocortical 
neurons. The pathological hallmark of Alzheimer’s 
disease is widespread neuritic plaques which are 
accumulations of amyloid beta (A�) protein (Braak et al., 
1994). Production and accumulation of A� appears to be 
central to the pathogenesis of Alzheimer’s disease 
(Hardy et al., 2002). A� is a short polypeptide of about 42 
amino acids produced by the abnormal proteolytic 
cleavage of amyloid precursor protein (APP), which 
involves enzymes like gamma-secretase (Suh, 1997). 
Production and deposition of A� is the central event 
triggering oxidation, lipid peroxidation, excessive 
excitotoxicity of glutamatergic neurons, inflammation, 
apoptotic cell death and formation of neurofibrillary 
tangles (Hardy et al., 2002). Neurofibrillary tangles are 
paired helical filaments composed of tau protein which in 
normal cells are essential for axonal growth and 
development (Avila et al., 2004). However, when 
hyperphosphorylated, the tau protein forms tangles that 
are systematically deposited within neurons located in the 
hippocampus   and   medial  temporal  lobe,  the  parieto- 
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temporal region, and the frontal association cortices 
leading to cell death (Brion, 1998; Hernández et al., 
2007; Chun et al., 2007). The cell death in the basal 
forebrain (Nucleus basalis of Meynert) leads to deficit in 
neurotransmitter systems of acetylcholine (Ach), 
serotonin and norepinephrine. Studies report that deficit 
in cholinergic system is responsible for cognitive decline 
and memory loss in patients with Alzheimer’s disease 
(Pappas et al., 2000). The disturbances in neuro-
transmitter systems also lead to a variety of behavioral 
abnormalities including depression, psychosis and 
agitation (Mega et al., 1996).  
 
 
TREATMENT 
 
Based on the pathophysiology, various pharmacologic 
approaches are developed for the treatment of 
Alzheimer’s disease. (Figure 1) The approved treatment 
strategies give symptomatic benefit in Alzheimer disease. 
The therapies under evaluation for the treatment of 
Alzheimer’s disease have disease modifying and neuro-
protective approaches (Giacobini, 1994). (Figure 2) The 
behavioural abnormalities are best treated first by non-
pharmacologic interventions. Pharmacological agents 
used for treatment of Neuropsychiatric illnesses include 
antipsychotics, antidepressants and mood stabilizers 
(Zec et al., 2008). Treatment of Alzheimer’s disease also 
includes health maintenance activities and proper nursing 
care of the patients (www.searo.who.int).  
 
 
APPROVED DRUGS 
 
Acetyl cholinesterase inhibitors (AChEI) 
 
Degeneration of cholinergic neurons and decrease in Ach 
levels in neocortex, hippocampus and basal forebrain 
play a major role in the pathophysiology of AD. Various 
therapeutic approaches are proposed to elevate choli-
nergic transmission like increasing the amount of Ach 
precursors, blocking hydrolysis with AChE inhibitors, 
stimulating nicotinic and muscarinic receptors or using 
cholinomimetic substances. Animal and human data 
suggest that AchEI are the most efficacious drugs for 
increasing Ach levels in brain and ameliorating symptoms 
of AD (Krall et al., 1999).  

AChEI are approved for the treatment of mild to 
moderate AD (Small et al., 1997). Four AChEI are 
approved by FDA. They are Tacrine, Donepezil, 
Rivastigmine and Gallantamine. Introduction of Tacrine 
was a significant breakthrough in the treatment of AD. In 
a randomized controlled trial of Tacrine, hepatotoxicity 
and cholinergic adverse effects were reported (Knapp et 
al., 1994). Also, Tacrine has a short half life (Watkins et 
al., 1994).  Since  then,  Tacrine  has  been  replaced   by  
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Figure 1. Pathophysiology of Alzheimer’s disease and the targets of drug action. 

 
 
 

 
 
Figure 2. Drugs used in Alzheimer’s disease.
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Donepezil. Donepezil is a reversible inhibitor of AChEI 
with a long plasma half life of 70 h. It is not hepatotoxic. 
(Kosasa et al., 2000) Donepezil is found to bring signify-
cant benefit in patients receiving 5 and 10 mg Donepezil 
versus placebo as measured by Alzheimer Disease 
Assessment Scale (ADAS-cog) and Clinician Based 
Impression of Change Scale with Caregiver Input (CIBIC-
Plus) (Rogers et al., 1998). Patients with mild, moderate 
and severe Alzheimer disease treated with donepezil for 
periods of 12, 24 and 52 weeks experienced benefit in 
cognition, activities of daily living and behavior. Better 
tolerability of 5mg/day dose as compared to 10 mg/day 
dose, lower cost make it the preferable option in AD 
(Birks, 2006). Another study evaluated effect of donepezil 
after 3 years of treatment. The mean MMSE change from 
baseline was positive for more than 6 months and in 
subgroups of patients for 12 months. After 3 years of 
treatment the mean change from baseline in MMSE-
score was 3.8 points (95% CI, 3.0 - 4.7) and the ADAS-
cog rise was 8.2 points (95% CI, 6.4 - 10.1) (Wallin et al., 
2007). Several controlled studies have shown modest 
benefits in cognition and/or behavior (Steele et al., 1999). 
Therefore, many neurologists, psychiatrists and primary 
care physicians use donepezil in patients with mild to 
moderate Alzheimer's disease. In 2005, the UK National 
institute for clinical excellence (NICE) withdrew its recom-
mendation for use of the drug for mild-to-moderate AD, 
on the basis that there is no significant improvement in 
functional outcome; of quality of life or of behavioral 
symptoms. However, NICE revised its guidelines to 
suggest that donepezil be used in moderate stage 
patient. It is currently not licensed for Alzheimer's disease 
in the UK at any other stage (Xiong et al., 2005). The 
U.S. Food and Drug Administration have approved the 
first generic versions of Aricept (donepezil hydrochloride) 
orally disintegrating tablets (www.fda.gov). Recently, the 
FDA has also approved 23 mg extended release tablet 
Donepezil for the treatment of moderate to severe 
Alzheimer’s disease (www.clinicaltrials.gov/ 
NCT00478205). 

Rivastigmine is a reversible AChEI with higher affinity 
for brain ACh than peripheral ACh. It inhibits both 
butyrylcholinesterase and acetylcholinesterase (Camps 
et al., 2002). It has a plasma half life of 2 h (Jann et al., 
2000). Rivastigmine was found to have a statistically 
significant benefit in a randomized controlled trial after 2 - 
6 weeks as measured by ADAS-cog and CIBIC-Plus 
scores (Corey-Bloom, 1998). Rivastigmine is started at a 
dose of 1.5 mg BD, then increased to 3 mg BD and then 
to 4.5 mg BD and to a maximum dose of 6 mg BD. 
Rivastigmine has demonstrated significant treatment 
effects on the cognitive (thinking and memory), functional 
(activities of daily living) and behavioral problems that are 
commonly associated with Alzheimer disease (Finkel, 
2004). In comparisons with placebo, improvements were 
seen in the rate of decline of cognitive  function,  activities  
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of daily living and severity of dementia with daily doses of 
6 to 12 mg (Birks et al., 2009). The US FDA has 
approved Rivastigmine capsules and the Rivastigmine 
patch for the treatment of mild to moderate dementia of 
the Alzheimer disease (www.fda.gov). In a large clinical 
trial of the rivastigmine patch in 1,195 patients with 
Alzheimer’s disease, the target dose of 9.5 mg/24 h patch 
provided similar clinical effects (e.g. memory and 
thinking, activities of daily living, concentration) as the 
highest doses of rivastigmine capsules, but with three 
times fewer reports of nausea and vomiting (Winbald et 
al., 2007). When given by once-daily transdermal patch, 
the pharmacokinetic profile of rivastigmine is much 
smoother, compared with capsules, with lower peak 
plasma concentrations and reduced fluctuations. The 
9.5 mg/24 h rivastigmine patch provides comparable 
exposure to 12 mg/day capsules (the highest 
recommended oral dose (Cummings et al., 2007).  

Galantamine is a reversible and selective AChEI having 
50 times more selectivity for human Acetylcholinesterase 
than for human butyrylcholinesterase. Galantamine also 
acts as a nicotinic receptor agonist in the brain (Coyle et 
al., 2001). Galantamine was found to be efficacious in a 
randomized controlled trial of 636 patients of Alzheimer 
disease, as measured by CIBIC-Plus scores (Raskind et 
al., 2000).  

The US Food and Drug Administration (FDA) and 
International health authorities have published an alert 
based on data from two studies during the treatment by 
galantamine of mild cognitive impairment; higher mortality 
rates were seen in drug-treated patients (www.fda.gov). 
On April 27, 2006, FDA approved labeling changes 
concerning all form of galantamine preparations (liquid, 
regular tablets and extended release tablets) warning of 
the risk of bradycardia and sometimes atrioventricular 
block,especially in predisposed persons). At the same 
time, the risk of syncope seems to be increased relative 
to placebo (www.archive.org). These side effects have 
not been reported in any other studies except in mild 
cognitive impairment.Huperizine A, a natural lycopodium 
alkaloid, isolated from herb Hypersia serrata, is a 
centrally active cholinesterase inhibitor. Preliminary 
studies have shown it to be of benefit in Alzheimer 
disease (Ott et al., 1998)  
 
 
NMDA receptor antagonist  
 
Glutamate is an excitatory neurotransmitter and acts on a 
variety of receptors. NMDA is one such receptor. NMDA 
receptor on activation causes potentiation of neuronal 
activity, but in Alzheimer’s disease, excessive glutama-
tergic excitotoxicity causes apoptotic cell death and 
defects in cognition and memory (Danysz et al., 2003). 
Memantine, a NMDA receptor antagonist is recently 
approved by FDA for the treatment of moderate to severe  
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Alzheimer’s disease, as it is found to interfere with the 
glutamate excitotoxicity (Parsons et al., 1999). A study 
reviews the molecular mechanism of Memantine action 
and the basis for Memantine used in Alzheimer disease. 
Excitotoxic cell death is mediated by over activation on 
NMDA glutamate receptors, which results in excessive 
Ca++ influx through the receptors associated ion channel. 
Memantine acts as an uncompetitive, low affinity open 
channel blocker (Lipton SA, 2004). Memantine is found to 
be superior to placebo as indicated by 
Neuropsychological Tests like Activities of Daily Living 
Inventory (ADLI) and Severe Impairment Battery (SIB), 
but not on Global Deterioration Scale (Reisberg et al., 
2003). In patients receiving Donepezil, Memantine 
improved cognition, activities of daily living and reduced 
frequency of behavioural symptoms as compared to 
placebo (Tariot et al., 2004; Farlow et al., 2003).  
 
 
EXPERIMENTAL DRUGS 
 
Nicotinic receptor agonist 
 
Another therapeutic approach to enhance cholinergic 
function is to administer nicotinic receptor agonists. 
Nicotinic receptor types �4�2 and �7 are localized in 
areas of brain associated with dementia and memory 
loss. A selective partial �7 nicotinic receptor agonist 4 
OH-GTS-21 is shown to have protective action on 
cholinergic neurons, but not protective for the amyloid 
over expressing transgenic mice (Ren et al., 2007). A 
study reported that chronic treatment with RJR-2403 and 
17 beta-estradiol had marked antiamnesic effect in 
middle aged ovariectomized rats with experimental 
Alzheimer type dementia (Sapronov et al., 2006). A novel 
compound Alpha -7 nicotinic receptor agonist EVP-6124 
is currently in phase II (www.clinicaltrials.gov/ 
NCT01073228). More research is needed to unravel the 
full potential of nicotinic ACh agonists.  
 
 
Antioxidants 
 
Oxidative damage is present within the brains of patients 
with Alzheimer disease. Treatment with antioxidants is a 
promising approach for reducing disease progression. 
Recent research has found a link between antioxidant 
intake and reduced incidence of dementia (Grundman et 
al., 2002). A review of antioxidants has suggested agents 
like aged garlic extract, curcumin, melatonin, resveratrol, 
ginkgo biloba extract, green tea and Vitamin C and E in 
patients with Alzheimer’s disease (Frank et al., 2005) 
Ginkgo biloba extract is known to be neuroprotective. It 
inhibits lipid peroxidation (Oyama et al., 1996). Ginkgo 
biloba had shown small, but significant effect in com-
parison to placebo in  patients  with  Alzheimer’s  disease 

 
 
 
 
(Oken et al., 1998). An extract of Ginkgo biloba, Eqb 761, 
was tested in Alzheimer’s disease patients for 52 weeks 
and it showed significant improvement on the ADAS-cog 
scale (Le Bars et al., 1997). Another antioxidant showing 
promise is Vitamin E or Alpha tocopherol. A study 
compared the effect of Vitamin E and Selegiline alone, 
together and placebo in patients with Alzheimer’s 
disease. It was observed that delay to one of the primary 
outcomes like time to death, confinement or development 
of severe dementia was significantly more in Vitamin E 
groups as compared to placebo (Sano et al., 1997). Many 
practitioners have added Vitamin E supplements to the 
standard treatment regimen of Alzheimer’s disease. 
Future development of antioxidant drugs to the mito-
chondria like Acetylcarnitine should pave the way to a 
new treatment paradigm (Mancuso et al., 2007).  
 
 
PPAR � agonists 
 
Peoxisome Proliferator Activated Receptors (PPAR) are 
a family of nuclear receptors and play an important role in 
lipid peroxidation, cellular proliferation and differentiation 
(Willson et al., 2000). PPAR � is a ligand activated 
transcription factor which regulates lipid metabolism and 
inflammation. PPAR � agonists inhibit inflammatory gene 
expression, alter A beta homeostasis and exhibit neuro-
protective effects (Landreth, 2007). They also induce 
apoptotic cell death in glioma cells (Chattopadhyaya et 
al., 2000).  

A study demonstrated the effect of 15 - 30 mg of 
piogliatzone daily in patients with mild Alzheimer’s 
disease. The pioglitazone group improved agitation and 
regional cerebral blood flow in the parietal lobe. The 
study demonstrated that pioglitazone exhibited cognitive 
and functional improvement (Sato et al., 2009). It may 
offer a novel strategy to the already existing treatment 
paradigm. However, several issues like metabolic effects, 
genomic effects and toxic effects of PPAR � agonists 
need to be addressed 
 
 
Gamma secretase inhibitors 
 
Gamma Secretase inhibitors are disease modifying 
agents in Alzheimer’s disease. Any drug which can signi-
ficantly address underlying disease pathology and slow 
the disease progression would constitute a major 
advance in the therapy of Alzheimer’s disease. Sufficient 
evidence is provided by genetic and biological studies 
that production and deposition of A� amyloid contributes 
to Alzheimer’s disease. Gamma secretase plays a pivotal 
role in production of C terminus of A�, which determines 
its aggregability and tendency for deposition. Inhibition of 
gamma secretase by drugs can be an effective 
therapeutic strategy for  Alzheimer’s  disease  (Tomita  et  
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al., 2006; Evin et al., 2006). A randomized controlled trial 
of LY450139 dihydrate, a gamma secretase inhibitor 
resulted in decrease in plasma and CSF A� concen-
tration (Siemers et al., 2006). Semagacestat (LY450139) 
is a gamma secretase inhibitor under development by Eli 
Lilly as an Anti Alzheimer’s disease. Phase III double-
blind clinical trials started in March 2008 with the 
IDENTITY study (Interrupting Alzheimer's dementia by 
evaluating treatment of amyloid pathology), including 
1500 patients from 22 countries. This study will be 
running until May 2011 
(http://www.clinicaltrials.gov/show/NCT00594568). The 
successor trial with further 1500 patients, IDENTITY-2, 
started in September 2008 
(http://www.clinicaltrials.gov/show/NCT00762411). The 
open label study IDENTITY-XT, which includes patients 
who have completed one of the two studies has started in 
Dec 2009 
(http://www.clinicaltrials.gov/show/NCT00762411).  
 
 
5HT 6 receptor antagonist 
 
Evidences supporting the role of serotonergic trans-
mission in the pathophysiology of Alzheimer’s disease 
have suggested the use of 5HT6 receptor antagonists as 
a novel therapeutic strategy. An animal study with rats on 
Morris water maze tested the effect of SB- 271046 and 
RO-04-6790 on learning and memory. The two com-
pounds enhanced retention of learned position, but had 
no effect on learning during training phase (Reavill et al., 
2001). Another study was done to evaluate the effect of 
SB-271046 on neuronal cell adhesion molecular (NCAM) 
polysialylation in rat brain. NCAM polysialylation con-
tributes to learning and increases dendritic remodeling in 
CNS. It was observed that SB-271046 increased the 
NCAM polysialylation in the CNS in response to water 
maze spatial learning.  

So it is inferred that 5HT6 receptor antagonists have a 
favourable effect on synaptic plasticity (Regan et al., 
2003). Dimebolin is a non selective anti-histaminic 
approved in Russia for the treatment of allergic disorders. 
This drug has been found to antagonize 5HT6 receptor 
and also interacts with NMDA receptors, acetyl choline-
sterase and voltage gated calcium channels. In a study, it 
was noted that Dimebolin produces an acute enhance-
ment of short term social recognition memory (Schaff-
Hanser et al., 2009). However, a phase III CONNECTION 
study of Dimebolin in mild to moderate Alzheimer’s 
disease failed to meet the co-primary and secondary 
efficacy endpoints as compared to placebo 
(www.clinicaltrials.gov/NCT00675623). 
 
 
Statins 
 
Higher cholesterol  levels  are  a  risk f actor  not  only  for 
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cardiovascular diseases, but also for the development of 
Alzheimer’s disease. Nerve cells die because of 
excitotoxicity and oxidation. In animal experiments, it was 
demonstrated that treatment with Lovastatin prevented 
the death of nerve cells. It also prevented the loss of 
memory capacity and stimulated the protective capacity 
of TNF-alpha (Dolga et al., 2009). However, a review of 
several studies has shown that statins (HMG CoA 
reductase inhibitor) do not prevent Alzheimer’s disease. 
Two major studies, that is, HPS (Simvastatin given in 
20,536 patients for 5 years) and PROSPER trial 
(Pravastatin given in 5,084 patients for 3.2 years) showed 
no difference in the drug and control group in terms of 
dementia, cognitive function and specific neuro-
psychological tests. Although, this review reported that 
statins do not prevent Alzheimer’s disease, if given in late 
life, it could not comment on the effect of statins on 
dementia in late life, if they are given in early and middle 
life (McGuinness et al., 2009). Another study demon-
strated an association between antecedent exposure of 
statins and formation of Neuritic Plaques or Neurofibril-
lary tangles in human subjects (Li et al., 2007). However, 
additional studies are required to assess the causal asso-
ciation between statin use and decreased development of 
Alzheimer disease. 
 
 
Heavy metal chelators  
 
There is increasing evidence that biometals like 
aluminium, iron, zinc and copper increase aggregation of 
A�2 and toxicity in Alzheimer’s disease (Bush et al., 
1994). Structural analysis of A� acrylid showed that there 
is a direct biochemical interaction between aluminum and 
A� (Hollosi et al., 1994). Some studies have shown 
higher mercury concentrations in brains of deceased and 
in blood of living patients with Alzheimer’s disease. Expe-
rimental studies have found that even smallest amounts 
of mercury but no other metals in low concentrations 
were able to cause all nerve cell changes, which are 
typical for Alzheimer’s disease (Mutter et al., 2004). It has 
been seen that levels of iron and zinc are abnormally 
elevated in brain in patients with AD. This evidence 
supports the hypothesis that metal chelators may be a 
possible therapeutic approach for AD (Cornett et al., 
1998). In a clinical trial in which desferrioxamine was 
used, there was a decrease in dementia (Crapper-
Malachlan et al., 1991). After 2 years, it was noted that 
the aluminium concentrations reduced to near control 
concentrations. A review proposes a novel system for the 
delivery of chelating agents through the use of nano-
particles. Nanoparticles conjugated to chelators have a 
unique ability to cross Blood brain barrier, chelate metals 
and exit thoroughly the BBB with the complex. This novel 
technique may be able to stave off the harmful effect of 
oxidative   damage   done   by   metal  ions  in  Alzheimer  
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disease  (Liu et al., 2005). However, more clinical trials 
need to be done to throw light on the future role of 
chelating agents in Alzheimer disease therapy 
(www.fda.gov; www.clinicaltrials.gov) 
 
 
Estrogens 
 
Several pharmacoepidemiologic studies have reported 
that Alzheimer disease is more common in post-
menopausal women than men (Henderson, 1997). These 
occurrences have led to the hypothesis that estrogen loss 
in postmenopausal women may contribute to the deve-
lopment of Alzheimer’s disease. Estrogen is known to 
reduce the risk of developing dementia. There are 
various biological and neurophysiologic mechanisms 
which support this hypothesis. Estrogen is known to 
modulate Apo E gene, increase the metabolism of APP, 
protects against oxidative stress and causes direct 
modulation of neurotransmitters (Yaffe et al., 1998).  
Estrogen is found to increase cerebral blood flow and 
prevent neuronal atrophy (Burns et al., 1996). However, 
the reports of various studies are inconclusive. The 
Women’s Health Initiative study of Estrogen and Pro-
gesterone showed an increase in the risk of dementia in 
study group (Shumaker et al., 2003).  Another trial was 
conducted on women in the age group of 75 - 79 years. 
They received 1.25 mg/d of conjugated estrogen. It was 
seen at the end of 16 weeks that ADAS-cog score of 
patients in estrogen group had in fact decreased by 1.8 
points, whereas it reduced by 0.5 points in placebo group 
(Henderson et al., 2000). Observational data link use of 
hormone therapy to reduction in Alzheimer’s risk, but 
experimental evidence from clinical trials demonstrate 
that estrogen increases the incidence of dementia. Bias 
and confounding factors are the leading cause of dis-
crepancy between observational studies and clinical trials 
(Henderson, 2006). Several studies are of the view that 
hormone therapy initiated closer to the time of 
menopause may reduce the incidence of Alzheimer’s 
dementia. The time at which estrogen therapy is initiated 
(critical window hypothesis), the neurological status at the 
time of therapy initiation and the type of progesterone 
used, all contribute to the efficacy of estrogen in 
Alzheimer’s disease (Henderson, 2007; Brinton, 2004) 
Although there is no clinical trial evidence, yet it needs to 
be determined, whether initiation of hormone therapy in 
relation to menopause modifies the treatment outcomes.  
 
 
Anti-inflammatory agents (NSAIDs) 
 
Alzheimer’s disease is characterized by neuritic plaques 
and neurofibrillary tangles. Along with them, there is also 
evidence of inflammation in the form of cytokines and 
microglial activation (Flynn,   1999;  Finch,  2001).  These  

 
 
 
 
observations led to a series of clinical trials with NSAIDs 
to ascertain their role in Alzheimer’s disease. The 
mechanism by which NSAIDs affect the pathology of 
Alzheimer’s disease is by inhibition of COX enzymes 
resulting in decreased production of cytokines, decreased 
platelet aggregation and decreased release of factors 
which prevent free radical damage (Flynn, 1999). Several 
studies with Prednisolone, Diclofenac and Rofecoxib 
have given negative outcomes (Aisen, 2000; Scharf, 
1999; Aisen, 2003). A meta analysis evaluated 17 
studies, in which each study had brought forth the 
conclusion that NSAIDs have a protective role in 
Alzheimer’s disease (McGeer, 1996). A longitudinal study 
evaluated whether there was reduced risk of Alzheimer’s 
disease in users of Aspirin or any other NSAID. In a total 
of 1686 patients, only 51 patients were found to be 
suffering from Alzheimer’s disease, thus indicating that 
NSAID use reduces the risk of AD. It was also observed 
that the relative risk for Alzheimer’s disease decreased 
with increasing duration of NSAID use (Stewart, 1997). A 
recently published study has tested the effect of NSAID 
use for more than 5 years on AD. It reported that the long 
term use of NSAID use was protective against 
Alzheimer’s disease. Maximum effect was seen with the 
use of Ibuprofen (Vlad et al., 2008). Another study 
reported 7 days treatment of APPV7171 mice with 
pioglitazone and Ibuprofen. The drug treatment reduced 
the expression of the proinflammatory enzyme COX-2 
and iNOS and Beta secretase (Heneka et al., 2005). Two 
other studies also demonstrate that Ibuprofen reduces 
microglial activation and cytokine production in transgenic 
mice overexpressing APP (Lim, 2000; Yan et al., 2003). 
 
 
Health maintenance and general medical treatment 
 
As soon as the diagnosis of Alzheimer disease is made, it 
is essential to develop a daily routine for the patient. 
Maintaining a daily routine includes drawing up a fixed 
timetable for the patient for getting up in the morning, 
toilet, exercise and meals. This gives the patient a sense 
of security. Patients often deteriorate after dark, a phenol-
menon known as ‘sundowning’. Additional care must be 
taken during the evening and at night. Patient should be 
provided a well balanced diet, rich in protein, high in fibre 
and with adequate calories. The safest diet is a semi-
solid one with the consistency of a purée. Liquids are the 
most dangerous type of food, as these can be easily 
aspirated into the lungs. Toilet habits should be esta-
blished as soon as possible and maintained as a rigid 
routine. This includes conditioned behaviour such as 
going for bowel movement immediately after a cup of tea. 
The patient should be taken to urinate at fixed intervals. 
Particular care should be taken about personal hygiene 
such as, brushing teeth, taking baths etc. Great care 
should be taken  to  avoid  accidents  caused  by  tripping 
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over furniture, falling down the stairs or slipping in the 
bathroom. Patients of Alzheimer disease need continous 
monitoring for coexisting medical disorders like pneu-
monia, fractures, urine infections and stomach upsets. 
Aspiration of food into lungs is the most common cause 
of pneumonia. Minor falls can cause fractures and 
infections can occur due to unhygienic conditions. Great 
care should be taken to avoid accidents caused by 
tripping over furniture, falling down the stairs or slipping in 
the bathroom. (Chandra et al., 1986., 
www.searo.who.int).   
 
 
Management of neuropsychiatric and behavioral 
symptoms 
 
Along with cognitive decline, patients with Alzheimer’s 
disease have a varied range of non-cognitive symptoms, 
which can be very disturbing. They include neuro-
psychiatric and Behavioral symptoms, such as agitation, 
psychosis, hallucinations, aggression, aimless vocali-
zation and wandering. These symptoms appear in 90% of 
people with AD (McShane et al., 2007; Ballard et al., 
2006). They are also the root cause of morbidity, higher 
cost of care and reduced quality of life (Yaffe et al., 
2002).  Food and Drug Administration (FDA) has not 
approved any medication for the treatment of neuro-
psychiatric and behavioral symptoms in patients with AD. 
However, off label medication use is rampant worldwide. 
The first line therapy of neuropsychiatric and behavioral 
symptoms should be non pharmacologic interventions. 
Pharmcological treatment of these symptoms is usually 
undertaken in advanced stages of Alzheimer disease 
(Zec et al., 2008) 
 
 
Non pharmacological treatment 
 
There are several non pharmacological strategies, which 
manage the functional and behavioral deterioration 
(www.gmhfonline.org). A recent review has suggested 
that there is evidence to support the efficacy of activity 
programs, music, behavior therapy, light therapy and 
changes to the physical environment (Opie et al., 1999). 
 
(1) Independence promoting strategies: Usage of 
incentives, verbal and physical prompting and physical 
guidance. Helps the patient in maintaining hygiene, 
dressing, grooming etc. 
(2) Exercise: Simple exercises like walking and cycling 
can improve sleep and decrease agitation. 
(3) Incontinence management: By monitoring 
incontinence and scheduling bathroom time or by putting 
reminders. 
(4) Sleep management: Enhance night time sleep by dark 
environment at night and limiting day time napping. 
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(5) White noise: Continuous background monotonous 
noise reduces agitation and is soothing. Music therapy 
also helps to stir memories. 
(6) Visual cueing- Pasting pictures of bed on bedroom 
door can help the patient find his way around home. 
(7) Counselling, reminiscence therapy, validation, simu-
lated presence, pet therapy, recreational therapy and art 
therapy are other ways of reducing behavioral swings in a 
patient suffering from Alzheimer disease.  
 
 
Pharmacological treatment  
 
Atypical antipsychotics are the most commonly 
prescribed drugs for the treatment of neuropsychiatric 
symptoms in Alzheimer’s disease (Sink et al., 2005). 
Several placebo controlled trials have examined the 
efficacy of atypical neuroleptics over a period of 6 -12 
weeks in patients with Alzheimer’s disease. 
Approximately two-third of the patients improved, but the 
response was modest and some did not benefit at all. 
Atypical neuroleptics have not shown consistent efficacy 
(Schneider et al., 1990). Risperidone has the best 
evidence base for benefit in aggression at a dose of 2 
mg, but not in agitation and psychosis (Ballard et al., 
2006). Olanzapine was also effective at a dose of 5 - 10 
mg/day (Street et al., 2000). Data for quetiapine, 
ziprasidone and aripiprazole are limited. Clozapine at 
12.5 - 100 mg/day may improve psychosis or aggression 
(Schneider et al., 2001). A few trials have assessed the 
effect of neuroleptics over a period of more than 14 
weeks, neither giving any positive effect (Ballard et al., 
2005; Schneider et al., 2006; Ballard et al., 2008). 
However, Food and drug administration (FDA) has issued 
safety warnings against the off label use of neuroleptics 
in Alzheimer’s disease. Neuroleptics are associated with 
several adverse effects like odema, chest infections, 
cerebrovascular accidents, metabolic syndromes and 
death (Schneider et al., 2005).  

In some studies, neuro-leptics have even caused 
accelerated cognitive decline (Schneider et al., 2006). 
Other drugs for the treatment of neuropsychiatric 
symptoms are carbamazepine, sodium valproate and 
antidepressants like trazodone and citalopram. Carba-
mazepine is the drug best supported by trials (Tariot et 
al., 1998). A recent Cochrane review concluded that 
valproate is effective at higher doses (Lonergan et al., 
2007). Antidepressant drugs are the therapy of choice for 
severe depression, but the evidence base from trials is 
far from clear. A Cochrane review concludes that the 
trials did not demonstrate any superiority of anti-
depressants over placebo (Bains et al., 2007). Studies of 
Trazodone have given mixed results (Sultzer et al., 1997; 
Teri et al., 2001). Citalopram was associated with 
improvement in symptoms and has equivalent efficacy to 
risperidone (Nyth et al., 1990;  Pollock  et  al.,  2007).  No  
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study has evaluated the effect of antidepressants over 
long term use in Alzheimer’s disease. Better designed 
trials are the need of hour to understand the efficacy of 
antidepressants in the treatment of neuropsychiatric and 
behavioral symptoms. Growing evidence suggests that 
neurobiological basis of neuropsychiatric and behavioral 
symptoms in AD is a loss of cholinergic neurons and a 
decline in Acetylcholine levels in limbic system, which 
regulates behavioral and emotional responses (Wang et 
al., 2005). This deficit can be corrected by Acetyl-
cholinesterase inhibitors. Donepezil has shown efficacy 
for cognitive as well as behavioral symptoms in patients 
with Alzheimer’s disease. Gallantamine has also shown 
to delay the onset of behavior and psychological symp-
toms (Trinh et al., 2003).  

However, several studies have given negative results 
for the use of AChEI for neuropsychiatric symptoms 
(Howard et al., 2007; Holmes et al., 2004; Gauthier et al., 
2002). It is unlikely that AChEI are going to be useful for 
the treatment of neuropsychiatric and behavioral symp-
toms. Emerging evidence indicates that Memantine may 
play a pivotal role in the treatment of agitation and 
aggression (Gauthier et al., 2005; Cummings et al., 2006; 
Wilcock et al., 2008). However, these data are based on 
retrospective posthoc analyses. Prospective studies are 
required to determine the role of memantine in the 
treatment of neuropsychiatric and behavioral symptoms 
in Alzheimer’s disease. 
 
 
Caregivers 
 
The role of a caregiver is integral for the wellbeing of the 
patient. Patients with Alzheimer disease are usually 
cared for by a member of the family in their homes or by 
a hired nurse or a qualified caretaker. Physical exercise, 
social activities, as well as proper nutrition and health 
maintenance are important aspects of care. The 
caregiver should plan daily activities of the patient. The 
activities should be familiar, satisfying and should provide 
structure, meaning and sense of accomplishment to the 
patient. The care giver should also keep the patient out of 
harm’s way by removing safety risks. 
(www.helpguide.org). 

The responsibility of caring for the Alzheimer disease 
patient can take an enormous emotional and physical toll 
of the caregiver. Because of the burdens of care giving, 
the caregiver of the patient is also referred to as the 
hidden or the second patient. Caregiver stress can 
present serious health and psychological problems. The 
caregiver can develop anger, social apathy, anxiety, 
depression, sleeplessness, irritability, and other health 
problems. Emotional support from family and friends, self 
confidence and resources to help household chores were 
found to positively influence caregivers and protect them 
against stress. Several support groups, respite  care  and  

 
 
 
 

skills training programmers help the family and the 
caregiver to cope up with and help an Alzheimer disease 
patient. (www.gmhf.org). 
 
 
Future perspectives 
 

As of 2010, more than 800 clincial trials are being 
investigated world wide, approximately a quarter of these 
are in Phase III (www.clinicaltrials.gov/term=alzheimer). 
One area of clinical research is focused on treating the 
underlying disease pathology. Reduction of Amyloid beta 
levels is a common target of compounds (such as 
apomorphine) under investigation (Lashuel et al., 2002). 
Immunotherapy or vaccination for the amyloid protein is 
one treatment modality under study (Dodel et al., 2010). 
It is based upon the concept of training the immune 
system to recognise, attack, and reverse deposition of 
amyloid, thereby altering the course of the disease 
(Hawkes et al., 2007; Solomon et al., 2007). An example 
of such a vaccine under investigation was ACC-001 
(www.clinicaltrials.gov/NCT00498602), although the trials 
were suspended in 2008 (www.medpagetoday.com). In 
previous clinical trials for vaccination against human beta 
amyloid, called AN-1792, patients with Alzheimer's 
disease using active immunization had positive outcomes 
with removal of plaques, but 6% of subjects developed 
aseptic meningitis and the trial was stopped (Woodhouse 
et al., 2007). A vaccine AFFITOPE AD02 is entering 
phase II trials (www.clinicaltrials.gov/NCT00711321). 
Another similar agent is bapineuzumab, a humanized 
monoclonal antibody designed as identical to the 
naturally induced anti-amyloid antibody 
(www.clinicaltrial.gov/NCT00574132). Other approaches 
are neuroprotective agents, such as AL-108 
(www.clinicaltrials.gov/NCT004222981) and metal-protein 
interaction attenuation agents, such as PBT2 
(www.clinicaltrials.gov/NCT00471211). A TNF� receptor 
fusion protein, etanercept has showed encouraging 
results (Griffin, 2008). In 2008, clinical trials showed 
positive results in modifying the course of disease in mild 
to moderate AD with methylthioninium chloride (trade 
name rember), a drug that inhibits tau aggregation 
(Wischik et al., 2008; Harrington et al., 2008). Another 
novel compound is LY2062430 (solanezumab), which is 
a humanized anti-A Beta peptide immunoglobulin G-1 
(IgG1) monoclonal antibody being developed for the 
treatment of AD. Currently, two phase III studies 
EXPEDITION and EXPEDITION 2 are testing the efficacy 
of solanezumab on the slowing of cognitive and 
functional decline in Alzheimer’s disease as compared to 
placebo (www.clinicaltrials.gov/ NCT00905372/ 
NCT00904683).  
 
Conclusion  
 
Alzheimer disease is one of the most debilitating diseases 
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affecting the old age. A clear understanding of the natural 
history of Alzheimer disease has enabled us to develop 
appropriate trial designs and outcomes for the various 
stages of this condition. Clear benefit for the treatment of 
symptoms in mild to severe AD using AChEIs and 
Memantine is seen. Also, there is cautious optimism for 
successful disease modification using a number of 
agents currently under study. Guidelines for the treatment 
of Alzheimer disease have to be constantly updated to 
take into account new evidence for the ultimate benefit of 
patients and care-givers. 
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