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A B S T R A C T

Ethnopharmacological relevance: Alzheimer's disease (AD), a deleterious neurodegenerative disorder that impairs
memory, cognitive functions and may lead to dementia in late stage of life. The pathogenic cause of AD remains
incompletely understood and FDA approved drugs are partial inhibitors rather than curative. Most of drugs are
synthetic or natural products as galanthamine is an alkaloid obtained from Galanthus spp. Huperzine A, an
alkaloid found in Huperzia spp., gingkolides a diterpenoids from Gingko biloba and many ethnobotanicals like
Withania somnifera (L.) Dunal., Physostigma venenosum Balf., Bacopa monnieri (L.) Wettst., Centella asiatica (L.)
Urb. have been used by traditional Indian, Chinese, and European system of medicines in AD. Clinical sig-
nificance opioid alkaloid in Papaver somniferum has shown another dimension to this study. Over exploitation of
medicinal plants with limited bioactive principles has provided templates to design synthetic drugs in AD e.g.
rivastigmine, phenserine, eptastigmine based on chemical structure of physostigmine of Physostigma venenosum
Balf. Even ZT-1 a prodrug of Hup A and memogain a prodrug of galantamine has achieved new direction in drug
development in AD. All these first-line cholinesterase-inhibitors are used as symptomatic treatments in AD.
Single modality of “One-molecule-one-target” strategy for treating AD has failed and so future therapies on
“Combination-drugs-multi-targets” strategy (CDMT) will need to address multiple aspects to block the pro-
gression of pathogenesis of AD. Besides, cholinergic and amyloid drugs, in this article we summarize protei-
nopathy-based drugs as AD therapeutics from a variety of biological sources. In this review, an attempt has been
made to elucidate the molecular mode of action of various plant products, and synthetic drugs investigated in
various preclinical and clinical tests in AD. It also discusses current attempts to formulate a comprehensive
CDMT strategy to counter complex pathogenesis in AD.
Materials and methods: Information were collected from classical books on medicinal plants, pharmacopoeias
and scientific databases like PubMed, Scopus, GoogleScholar, Web of Science and electronic searches were
performed using Cochrane Library, Medline and EMBASE. Also published scientific literatures from Elsevier,
Taylor and Francis, Springer, ACS, Wiley publishers and reports by government bodies and documentations were
assessed.
Results: 60 no. of natural and synthetic drugs have been studied with their significant bioactivities. A decision
matrix designed for evaluation of drugs for considering to the hypothetic “CDMT” strategy in AD. We have
introduced the scoring pattern of individual drugs and based on scoring pattern, drugs that fall within the
scoring range of 18–25 are considered in the proposed CDMT. It also highlights the importance of available
natural products and in future those drugs may be considered in CDMT along with the qualified synthetic drugs.
Conclusion: A successful validation of the CDMT strategy may open up a debate on health care reform to explore
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other possibilities of combination therapy. In doing so, it should focus on clinical and molecular relationships
between AD and CDMT. A better understanding of these relationships could inform and impact future devel-
opment of AD-directed treatment strategies. This strategy also involves in reducing costs in treatment phases
which will be affordable to a common man suffering from AD.

1. Introduction

Alzheimer's disease (AD) is a progressive, unrepairable neurode-
generative disease and found mostly in the form of dementia in elders.
Other etiological features that are prominent in AD are cerebral
atrophy, cerebral senile plaques due to the deposition of β-amyloid
peptide (Aβ), neurofibrillary tangles (NFTs). Both Aβ-plaques and NFTs
are responsible for hyperphosphorylated τ-protein, leading to neuronal
cell loss and death (Amatsubo et al., 2010). Based on the age affected by
AD is of 2 subtypes as early-onset AD (EOAD) affected people are of
30–60 or 65 years whereas in late-onset AD (LOAD), the affected people
are elders of 60–65 years. Approximately 1–6% of EOAD case is re-
ported in which 60% cases found the hereditary link or family history
which carries to affect at least 3 upcoming generations (Wang et al.,
2010).

In this review, we have discussed the supporting mechanisms of AD
pathogenesis and progression. It also highlights the synthetic/semi-
synthetic and natural drugs used in AD. Current therapeutic approach
of “One-molecule-one-target” (OMOT) strategy which has been pre-
scribed in AD over the years, fails to address the issues in a given time
because of multiple pathological features such as cholinergic defi-
ciency, Aβ-plaques and hyperphosphorylated τ-protein, generation of
reactive oxygen species (ROS), mitochondrial dysfunction that appears
frequently in the transist stages in AD (Bird, 2008). We have introduced
here a “Combination-drugs-multi-targets” (CDMT) strategy, which may
be a synergistic approach in future for targeting multiple pathological
stages or events in AD. We have introduced here the scoring pattern of
individual drugs by designing a decision matrix for evaluating the drugs
to be considered in combination therapy (Table 1). By referring to the
earlier published decision metrix, a major modification has been made
here for evaluating different parameters such as “Mode of inhibition”,
“Supporting evidences”, “Pharmacodynamic study”, “Use of biomarkers
in non-clinical and/or clinical trial”, “Experimental gaps of any existing
in non-clinical studies”, “Effective brain penetration BBB”,

“Pharmacokinetics (relevant tissue distribution, halflife, % bioavail-
ability, etc.)”, “Safety/Toxicity”, “Drug-drug interactions”, “Clinical
trials under taken” (Table 2). Most of the drugs available for AD are
evaluated based on the above parameters.

Based on the scoring pattern and drugs that are qualified in the
decision metrix by following the above parameters are considered in
combination therapy. Out of 24 drugs, most of the natural drugs are
suitable candidates and considered here in combination therapy along
with other qualified synthetic drugs (Table 2). The detail information
about the selection criteria of drugs in combination therapy is ellu-
strated in the discussion section (Table 2). This study has proposed the
combinations of drugs that may help in future to develop a synergistic
formulatory product that may have the potential to modifying or alter
or countering the disease. The proposed hypothesis CDMT needs to be
validated further for safe use in future (Figs. 1–4).

2. The pathophysiology of AD

As described by Alois Alzheimer, the pathological features of AD are
characterized by generation of Aβ plaques and NFTs in cerebral cortex
of brain and resulted in cerebral arteriosclerosis in cerebral nerve cells
responsible for loss in memory (Van et al., 2007). In progressive stage of
AD, these amyloid fibers will cluster around blood vessels, and as a
result the blood serum leaking into the cerebral space causing inter-
cerebral hemorrhage, brain stroke and death. There are different hy-
potheses, concepts and theories of AD are summarized and still the
pathphysiology of AD is yet being recognized completely.

2.1. Theories of AD

There are five fundamental theories are the over precipitating cause
of AD.
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