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Abstract.
Alzheimer’s disease (AD) was first described in 1907 and got its name after Alois Alzheimer, a German psychiatrist and
neuropathologist. This disease starts slow, increasing gradually to worsen in the due course of time. AD is mainly characterized
by the associated dementia, which is a decline of cognitive effects such as memory, praxis, and orientation. The dementia
is further highlighted by the presence of psychological and behavioral symptoms. Additionally, AD is also associated with
the multiple interconnected pathways linked neuropathological changes such as the formation of neurofibrillary tangles
and amyloid-� plaques inside the brain. AD therapeutics have been of prime concern over the decades, resulting in the
elucidation of promising therapeutic targets. The requirement of AD stage dependent optimized conditions has necessitated
a combinatorial approach toward treatment. The priority in AD research has remained to develop disease-modifying and
development-reducing drugs for treatment regimens followed during the early and later stages, respectively.

Keywords: Dementia, neuropathologist, plaques, psychiatrist, tangles

INTRODUCTION

Alzheimer’s disease (AD) is a common neurode-
generative disorder and is mainly characterized by
several symptoms such as decline of cognitive func-
tion coupled with progressive memory loss. AD is
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detected by the presence of several molecular lesions
that lead to the inflammatory and oxidative damage
due to the presence of misfolded proteins accu-
mulated in the aging brain, amounting to synaptic
dysfunction and energy loss [1]. Globally, over 24
million people are estimated to have dementia, of
who a majority suffer from AD. Thereby impera-
tively prioritizing AD research, which represents a
major public health concern. As of today, the treat-
ments available focus on reducing the symptoms of
AD. Implying the need to understand better the dis-
ease pathogenesis in an attempt to discover/develop
the kind of treatment that could subside the symp-
toms or repair the done damage [2]. Age remains the
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Fig. 1. Histopathological variations between a) healthy neuron and b) AD neuron.

main risk factor associated with the AD; with most of
victims aged over 65 years [3]. Early diagnosis and
investigation remain the most crucial factor to focus
the therapeutic ventures involving both pharmaceuti-
cal and psychosocial support systems.

The end stages of AD are marked by the continuous
loss of physical and mental autonomy, culminating
in dependency and burden on others due to motor
function deterioration. The advance stages of AD
usually include mood swings, language disorienta-
tion, self-care mismanagement, loss of motivation,
and behavioral integrity. A sense of social and famil-
ial withdrawal is also observed as the condition
worsens [3, 4]. Ultimately body functions are lost
gradually leading to death. The rate of disease pro-
gression varies among individuals, and the average
life expectancy in an event of AD may range from
3–9 years after the initial diagnosis [1, 5].

Knowledge about the causative factors of AD is
limited; however, genetic inheritance of the disease
is believed to be the major associated risk factor
[2]. Other risk factors include head trauma, depres-
sion, and hypertension [3]. Notwithstanding, AD
remains a multifactorial neurodegenerative disease
which includes both risk factors and genetic muta-

tions occurring due to abnormal accumulation of
amyloid-� (A�) and tau proteins. While the pres-
ence of phosphorylated tau has been identified in the
brain during early stages, the later stages are char-
acterized by the presence of insoluble A� protein
deposits. Studies indicate that the amount of insolu-
ble A� protein deposits is directly proportional to the
extent of dementia in those suffering with AD [3].
In addition, A� protein is believed to cause further
inflammatory reactions that promote development of
AD and cognitive decline. The A� hypothesis pos-
tulates that A� protein accumulation is the primary
cause or effect of the pathogenesis of AD and the dis-
ease further progresses due to the imbalance caused
by the A� production and clearance. Several primary
strategies have been deployed against AD using this
hypothesis [2].

AD diagnosis mostly comprises of cognitive test-
ing, apart from the regular blood tests and medical
imaging [6]. However, the definite diagnosis of AD
relies upon a clear brain tissue examination. Although
studies suggest that the risk of AD can be reduced by
performing physical and mental exercises to reduce
obesity, there are no such specific therapies limited
to risk reduction for AD [7].
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Although some medication can help reduce the
symptoms, no such treatment exists which promises
either reversing or stopping the AD progression [4].
The prescribed antipsychotic drugs are limited to
the treatment of psychosis, behavioral changes, or
dementia, with no or little benefit toward the patient
as they promote an early death [8].

The initiation of AD occurrence involves a com-
plex pathogenic process which may have started
decades before the symptomatic phase arrives. Early
stage treatment addressing the problem at molecu-
lar levels at which the initial structural alterations
occur would translate into a successful therapy. Cur-
rently, such disease-modifying drugs designed to be
used in the early stages of AD are in the devel-
opmental stage. Multifactorial pathogenesis of AD
addressing various molecular targets seems to be the
possible approach to be followed modify the dis-
ease progression. Thus, the drugs having multimodal
action or the combination of drugs targeting the sin-
gle molecular mechanism promise alternative AD
therapy.

DISEASE PREVALENCE STATUS

AD was first described more than 100 years ago
[9]. As of 2015, about 29.8 million people were
affected by AD globally [9]. It mostly affects the
people over 65 years of age, resulting in the death
of 1.9 million affected patients. This form of demen-
tia or AD is expected to double every two decades
meaning that the number of AD cases would be
around 42 million in the ongoing year of 2020 and
reach nearly 81 million by 2040 [10]. Regarded
as a costly disease due to its expensive treatment
costs, the cause of AD is poorly understood. While
70% risk of AD may be inherited from the per-
son’s familial history. Hypertension, head injuries,
and depression are a few other risk factors lead-
ing to the cause of AD. The patients usually rely
on others for their assistance by being a burden to
them. Survival and incidence are the other factors
on which the prevalence of AD depends. In the year
2000, AD prevalence was estimated to be 1.6% in
the age group 65–74, as compared to 19% in the
age group 75–84. However, there is a low prevalence
rate in the less developed regions. In 2005, 0.379%
of global population suffered from dementia, with
the World Health Organization (WHO) estimating
an increase in the prevalence rate from 0.441% in
the 2015 to 0.556% in 2030. If this trend continued,

the rate of prevalence would triple in the upcoming
years [10].

STAGES OF ALZHEIMER’S DISEASE

AD is characterized into give different stages: 1)
Mild cognitive impairment (MCI); 2) Mild AD; 3)
Moderate AD; 4) Severe AD; and 5) Very Severe AD.
Several studies suggest that the very early phase may
be regarded MCI, which may remain unchanged for
years, characterized by predominant loss of memory
along with cognitive deficits. Whatsoever, there is no
clear evidence for this disease. An ambiguity does
prevail regarding MCI, with a few concluding it to
be an AD precursor, while others classify it a normal
aging phenomenon. Despite the debate, few studies
have reported that cognitive impairment is the precur-
sor causing dementia which is 15-fold more likely
than normal aging to progress into AD. Presently,
both early metabolic and structural changes in the
brain can be identified using imaging techniques,
whereas there is no single screening technique/test to
identify the individuals affected with MCI. In such
a situation, people with cognitive decline can be
accurately predicted utilizing the combination tests
involving neuroimaging and neuropsychology.

The stable MCI phase ends up with cognitive func-
tion decline that may last for about two to five years

Fig. 2. Different stages involved in Alzheimer’s disease.
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with the degradation of implicit memory (related to
experience) and semantic memory (of stored general
knowledge and facts). However, there is no evidence
that may link such loss of memory to AD. Nonethe-
less, evidence suggests that these risks can be reduced
only if an early recognition and assessment of mild
cognitive impairment can be conducted [5].

Mild AD stage is noted for short term memory loss
coupled with forgetfulness, loss of interest and hob-
bies, repetitive questioning, and change in the routine
[10]. The patients may also suffer from lingual disori-
entation caused due to shrinking vocabulary and trou-
bled fluency. Upon disease progression, the patients
may be incapable to perform several tasks indepen-
dently, particularly requiring supervision or assis-
tance for the cognitively demanding activities [11].

When it comes to moderate AD, there are fur-
ther drastic changes and impaired routine observed
alongside symptoms of emerging psychological
behaviors of dementia, following the continuous cog-
nitive deficits coupled with the transitions in care.
Long term memory loss is observed at this stage
where 30% of patients may also develop illusionary
misidentifications.

The fourth stage, severe AD, is characterized by
altered and agitated sleep patterns with progressive
symptoms pertaining to psychological behaviors of
dementia and may require assistance even to bathe,
feed, or dress. Thereby implying a complete depen-
dence of the patients on caretakers.

The final stage is called very severe AD where
reduced language or oration, like the use of one word
or simple phrases eventually leading to no speech,
and being bedbound with loss of basic psychomotor
skills, can be observed. Ultimately the patients will
lose the capacity to carry out any task on their own.
In this stage, death may occur not just due to AD
but also due to comorbidities such as pneumonia or
ulcers [11].

CAUSES AND RISK FACTORS
ASSOCIATED WITH ALZHEIMER’S
DISEASE

Delaying or slowing down AD progression as well
as postponing or preventing the disease in an older
age can assure a consequential quality of life and
health improvement. The high/elevated amounts of
saturated fats may have negative effects on the age-
related MCI and cognitive decline [12]. Case studies
have shown that several risk factors are involved in

Flowchart 1. Symptoms associated with Alzheimer’s disease.

causing AD. They include family history, depression,
head injury, age, hypertension, apolipoprotein E4
(APOE4) concentrations, low cognitive and physical
activity, high cholesterol and diabetes. Promisingly,
a few of the above-mentioned risk factors are modi-
fiable [3]. Recent studies have shown that the risk of
dementia and cognitive decline could be reduced with
the possible association toward fish consumption
resulting in uptake of polyunsaturated fatty acids and
monounsaturated fatty acids. On the contrary, con-
sumption of dairy products with whole fats by elderly
people might lead to cognitive decline [12]. Moder-
ate or light consumption of alcohol is also associated
with a reduced risk of AD and incidence of dementia.
There is limited evidence on how vegetable and fruit
consumption may generally play a neuroprotective
role against dementia, AD, and cognitive decline [13].

Notwithstanding, there is no clear evidence for the
cause(s) of AD, except for the fact that about 1 to
5% of the reported cases indicate genetic reasons.
However, a few hypotheses have been put forth in an
attempt to explain the cause and prevalence of AD.

Hereditary factors

AD caused due to genetic heritability ranges from
49% to 79%, according to the studies conducted on
familial history [14]. Of the above, only 0.1% of
the cases have been symptomatic at the age of 65
or earlier, mostly due to the autosomal dominant
inheritance, amounting to an early-onset disease [15].
In any such case, the autosomal changes or muta-
tions have been reported to occur in one of the three
genes, viz. the genes encoding for presenilins 1 and
2, and the genes encoding amyloid precursor pro-
tein (APP) [16]. There is a reported upregulation of
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A�42, a small protein that happens to be the main
component of senile plaques, production due to the
above-mentioned gene mutation [17]. Additionally,
two other genes, SORL1 (Sortilin related receptor
1) and ABCA7 (ATP Binding Cassette Subfamily A
member 7), have been identified to be associated with
the autosomal dominant inheritance in AD [18].

Surprisingly, AD is not usually inherited due to
autosomal inheritance but due to mutational risk
factors such as the genetic and environmental dif-
ferences, so termed sporadic AD. The best-known
example for such sporadic causes is the genetic inher-
itance of �4 allele of APOE. Supporting this, about
40% to 80% of the reported cases indicate at least one
APOE allele [19, 20].

Cholinergic hypothesis

According to the cholinergic hypothesis, it was
postulated that AD occurred due to the decreased syn-
thesis of the neurotransmitter acetylcholine (ACh).
This is the oldest known hypothesis and the cur-
rently available therapies for AD are mostly based
on this [21]. Nonetheless, limited support has been
provided to the cholinergic hypothesis since the med-
ications/drugs available to treat the deficiency of ACh
are not that effective [22].

This hypothesis is based on the fact that cholin-
ergic neurons use ACh for cognitive processes of
central and peripheral nervous systems apart from
modulating several important neural functions. The
cholinergic neurons, mainly found in the basal fore-
brain, spinal cord, striatum, medial habenula, and
olfactory tubercle, are involved in vital physiologi-
cal aspects such as memory, wakefulness and sleep,
learning, sensory information, attention, and stress
response-management. The CA3 cholinergic recep-
tor is mainly involved in memory management,
thus blocking this receptor might impair the func-
tions of memory and information management in the
brain. This consequent dopaminergic impairment and
loss of cholinergic neurons was presumed to be the
main factor responsible for the psychiatric symptoms
related to AD [23].

Furthermore, AD patients with terminal AD
were said to have decreased enzymatic activity
pertaining to the synthesis and degradation of acetyl-
cholinesterase. Few research groups have confirmed
the above hypothesis through evidence that some
patients with AD have experienced a cognitive
decline as a result of dysfunctional cholinergic sys-
tem [24].

Amyloid hypothesis

The amyloid hypothesis, proposed in 1991, rea-
soned that AD occurred due to the presence of
accumulated A� proteins [25]. The APP gene,
responsible for the production of A� protein, is
located on the 21st chromosome and people exhibit-
ing Down’s syndrome (trisomy 21) carried an extra
copy of this gene thus having the earliest recorded
symptom(s) of AD by the age of 40 years [26].
APOE4 has been considered the major risk factor
for AD as it helps in the breakdown of A�, while
some isoforms of APOE4 are not very effective result-
ing in excess neural deposition of the amyloid [27].
Researchers suspect that non-plaque A� oligomers
referred to as ADDLs (amyloid-derived diffusible lig-
ands) are the aggregates of several monomers which
are the pathogenic primary forms of A�. The ADDLs
modify the structure of synapse by binding to the neu-
rons through surface receptor, causing a breakdown
of neuronal communication [28].

This hypothesis was updated recently to suggest
that there is a major culprit, N-APP, that not only
causes AD but was also closely related to the A�
protein. N-APP has been identified to be a fragment
of the amyloid-� protein precursor (A�PP) peptide’s
N-terminus, eventually cleaved or broken-down from
A�PP that is adjacent to the A� protein. This frag-
ment, N-APP, binds to the neural receptor DR6 (death
receptor 6). Also known as the TNFRSF21, to trigger
a self-destruction pathway in the neuronal cells. The
N-APP-DR6 pathway was reported to further damage
the aging human brain as those brain regions affected
by AD overexpress DR6 [29].

Role of AβPP in normal conditions
A�PP is a resourceful molecule occurring in three

isoforms and these isoforms are not functionally
limited to the brain. They are reportedly present
throughout the body, implying that A�PP must have
important functions. At the cellular level, A�PP
has been found to actively contribute toward gene
transcription, cell adhesion, axonal transport, and
cholesterol metabolism [30].

Chemistry of AβPP
A�PP is a single membrane protein with a large

amino-terminal domain in the extracellular region
and a small cytoplasmic domain in the intracellular
region. Numerous sub-domains of the protein have
been recognized in the extracellular region, and the
cysteine-rich sub-domains are present in the amino



422 S. Pradeep et al. / Alzheimer’s Disease and Herbal Combination Therapy

Fig. 3. Representation of formation of amyloid-� plaques and neurofibrillary tangles.

terminus, following which is an acidic sub-domain
and other two subdomains that are found to be neuro-
protective. Several other subdomains associated with
putative functions have been recognized in the extra-
cellular region [29].

Isoforms of AβPP
As mentioned earlier, the APP gene is located on

chromosome 21 and is expressed in specific cells
of the body including glia, neurons, and endothelia
[20]. A�PP occurs naturally in three major iso-
forms, A�PP770, A�PP751, and A�PP695, obtained
as the result of alternate splicing of pre-mRNA.
The A�PP695 isoform lacks a KPI (Kunitz protease
inhibitor) domain, in the extracellular region. In an
event of AD, A�PP695 has been reported to be over-
expressed as compared to the other isoforms, at a ratio
of 1:10:20 (A�PP770:A�PP751:A�PP695) [28, 29].

Putative functions of AβPP
As a G protein-coupled receptor: G protein-coupled
receptor(s) typically binds to a ligand(S) to induce
a G protein complex trimer, eventually dissociating
into the G� and G�� dimer subunits. These sub-
units are used to activate the intracellular downstream

signaling pathways. G protein-mediated A�PP acti-
vation is not very well understood owing to the
complexities involved in understanding the G protein
coupling and pathways linked to it. Notwithstanding,
its involvement in synaptic and in neural activity is
very well established [27].

Cell adhesion: Several domains of A�PP help in
binding to substrates such as collagen, laminin, and
heparin. The cell surface A�PP is relatively suitable
as a cell adhesion protein given its stability and time
taken to degrade. The possible role of A�PP in cell
adhesion is that it involves in the tightly regulated
synapse formation [30].

Tau hypothesis

The tau hypothesis postulated that AD was caused
due to the formation of abnormal tau proteins [31].
As the hyperphosphorylated tau proteins occurring
in the neuron were found to pair with the other tau
proteins to form the neurofibrillary tangles [32]. This
resulted in a collapse of the neuronal transport system
caused due to cytoskeleton destruction characterized
by microtubule disintegration [33]. Eventually lead-
ing to the breakdown of neuronal signaling and their
death [34].
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NEUROPATHOLOGY OF ALZHEIMER’S
DISEASE

AD is mainly characterized by the loss of brain
cells and synapses in subcortical regions and cerebral
cortex, resulting in the degeneration of the parts of
cingulate gyrus and frontal cortex including the pari-
etal and temporal lobes. Therefore, numerous cases
of MCI are diagnosed with a reduced brain size as
compared to that of a healthy individual [35]. Further-
more, microscopic examination of AD brain tissues
provides for a clear visibility of neurofibrillary tan-
gles and amyloid plaques [36]. While plaques are
formed around the neurons due to the deposition of
dense and insoluble A� proteins, neurofibrillary tan-
gles are the aggregates of hyperphosphorylated tau
proteins accumulated inside the neurons. As a con-
sequence of aging, fewer individuals might develop
certain tangles and plaques when compared with the
patients suffering from AD, who would display a
greater number of tangles and plaques in the temporal
lobe region [35].

DIAGNOSING ALZHEIMER’S DISEASE

AD is primarily diagnosed based on the param-
eters that include the patient’s medical history of
behavioral observations and familial history. In addi-
tion, the presence or absence of neuropsychological
and neurological characteristic conditions are also
taken into consideration [37]. Assessment of patient’s
memory impairment by the means of their think-
ing skills, behavior changes, and functional abilities
will have to be carried out in order to character-
ize stage of a prevailing AD [38]. Currently, there
are standardized diagnostic protocols provided by
various medical organizations, easing the AD detec-
tion process. Several tasks may be assigned by
the consulting physician to analyze the individual’s
cognitive skills such as problem-solving, memory,
thinking-ability, and language usage. Additionally,
the below mentioned standard tests can be carried
out to differentiate a case of dementia from that
of AD.

Mental status testing

A physician can test a patient’s memory and think-
ing skills by checking their mental status and use
scores to evaluate the degree or stage of cognitive
impairment.

Brain imaging tests

The patient may be tested to evaluate their mental
health and brain conditions associated with the cog-
nitive skills. The interpretation of symptoms might
indicate a wide range of conditions, like vitamin B-
12 deficiency, thyroid disorder, dementia, or AD. To
rule out or overcome this problem, certain confirma-
tory test will have to be conducted at a laboratory.
Medical imaging with magnetic resonance imag-
ing (MRI), computed tomography (CT), positron
emission tomography (PET), and/or single-photon
emission computed tomography (SPECT) has been
extensively utilized to diagnose the AD. Notwith-
standing, they may not be useful to differentiate
between the other conditions mentioned above [39].
But these techniques are definitely helpful in pre-
dicting the different stages of AD [40]. The loss or
degeneration of brain cells associated with AD can
be shown up in many ways. The present generation
imaging techniques have evolved to help identify and
differentiate brain tumors, hemorrhages and strokes,
apart from the different types of neurodegenerative
diseases [40].

Magnetic resonance imaging
Detailed view of the brain powerful magnetic and

radio waves.

Computerized tomography
Cross-sectional images of the brain are obtained

using the X-rays.

Positron emission tomography
Uses radioactive tracers to scan and detect unusual

substances. FDG (fluorodeoxyglucose) PET scan is
the most common and effective scanning proce-
dure used to identify the decrease in neural glucose
metabolism, an indicator of different degenerative
brain disease based on the metabolic pattern obtained.
Also, the amyloid plaques formed during AD can be
identified through this technique.

Benefits of early AD diagnosis

The lack of cure for AD discourages patients from
approaching doctors for the diagnosis. They tend to
hide the symptoms due to the loss of independence.
Studies indicate that if the right choice is made at the
right time, an early diagnosis could be beneficial to
initiate either drug or non-drug therapies to control
the progression of the disease by slowing down the
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decline of cognitive skills and memory. Additionally,
sustenance strategies may be suggested to the caretak-
ers to minimize the disease progression by planning
activities to change the patient’s everyday routine and
enhance their living environment. An early diagnosis
also it prepares the patient’s family members to plan
their future accordingly by prioritizing issues such as
finances, community, and home care services [39].

PREVENTING ALZHEIMER’S DISEASE

Certain studies have shown that there is no support
or evidence to cure the disease solely via pharma-
ceutical means. Globally, measures have been taken
to delay or even prevent the disease. However, a
few studies have shown inconsistent results. Epi-
demiologically, various studies have suggested that
several factors, such as the intellectual activities, diet,
and cardiovascular risk factors, can be modified to
delay the development of AD. Notwithstanding, clin-
ical evidence is pending to conclude if the above
can really help control AD occurrence. Yet, AD
remains associated with very high-risk factors such
as hypertension, hypercholesterolemia, smoking, and
diabetes, which may worsen the course of the dis-
ease [36].

TREATMENT FOR THE DISEASE

AD and dementia have gained major public health
concern owing to their lack of treatment. AD is a
neurodegenerative disorder that progresses day by
day. The therapeutic agents used to treat AD must
either completely cure the disease or slow down
the progression. Presently, there are a few first-line
medications/drugs, most of them working as acetyl-
cholinesterase inhibitors, available and with a Food
and Drug Administration USA approval to treat AD.
Researchers worldwide are focusing on modifying
the disease to prevent or to stop further brain damage
occurring in the patients. Treatment of patients with

acetylcholinesterase inhibitors can provide comfort
by increasing the time of independence. Albeit, only
treatments carried out on early or middle stage AD
can have a positive effect and reduce the memory-
related symptoms. Notwithstanding, none of these
medications can completely reverse or stop the pro-
gression of this disease [41].

The below table provides the details of acetyl-
cholinesterase inhibitory drugs used to treat the mild
to moderate to severe AD treatment with their listed
mode of action and side effects.

The mechanistic route behind the use of acetyl-
cholinesterase inhibitors as a treatment for AD is still
unclear. A recent study suggested that the breakdown
of ACh is prevented by these drugs. As the disease
progresses, there would be a dip in amount of ACh in
the brain, resulting in non-functional cholinesterase
inhibitors. None of the above-listed medications can
neither completely cures the disease nor enhances the
patient’s cognitive or memory skills as they are not
designed to improve the neural functions. Hence, a
need for an alternate source of medication to cure the
AD arises [41]. Ayurveda is a traditional medicinal
practice that utilizes numerous plants and herbs to
cure effectively a wide range of diseased conditions.
Certain herbs have also been used to treat neurocog-
nitive disorders like AD. This review looks into a few
such herbal lead compounds for their activity against
AD [42].

HERBAL TREATMENT TO CURE
ALZHEIMER’S DISEASE

The process of AD drug discovery is critical,
riskier, and not cost-effective [43]. Medicinal plants
and herbs constitute a complex mixture of phytocom-
pounds of diverse pharmaco-biological significance,
which is why herbal therapeutics are recommended to
treat several diseases. In fact, plants have remained a
major source of drugs across different medicinal prac-
tices. Few plants are used in the anti-aging therapies

Table 1
Approved drugs for Alzheimer’s disease with their mechanism of action and side effects

Drug Name Drug prescribed Mechanism of action

Donepezil Mild, moderate, and severe AD Prevents the breakdown of acetylcholine in the brain
Rivastigmine Mild to moderate AD Prevents the breakdown of acetylcholine and butyrylcholine
Memantine Moderate to severe AD Blocks the toxic effects associated with excess glutamate and

regulates glutamate activation
Galantamine Moderate to severe AD Blocks the toxic effects associated with excess glutamate and

prevents the breakdown of acetylcholine in the brain
Memantine and Donepezil Mild to moderate AD Prevents the breakdown of acetylcholine and stimulates nicotinic

receptors to release more acetylcholine in the brain
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to help maintain homeostasis [44]. In the recent
years, herbal formulations have gained significant
commercial as well as scientific importance. Those
medicinal plants/phytochemicals with the potential to
restore memory, stimulate, and strengthen neuronal
activity are termed ‘Nervines’. Phytochemical com-
ponents such as tannins, sterols, flavonoids, alkaloids,
lignins, triterpenes, and polyphenols are responsi-
ble for the plant’s pharmacological activities such as
antioxidants, anti-cholinesterase, anti-inflammatory,
and anti-amyloidogenic effects [45]. The studies have
shown that using herbs against AD have a remark-
able effect on the patient in improving their memory
skills due to the increased activity of cholinesterase
in the brain [46]. The below mentioned medicinal
plants have been extensively evaluated in AD phyto-
therapeutics.

Areca catechu

Areca catechu belongs to palm species and is com-
monly called Betel nut or Betel palm tree. Areca
palms are mostly grown in the south and south-
east Asian countries of Taiwan, India, Malaysia,
Indonesia, Vietnam, Myanmar, and Bangladesh as
an important seed crop. The tree is medium-sized
with a trunk diameter of 20–30 cm and 20 m tall,
with ∼1.5–2 m long leaves which form crowded
leaflets. A. catechu seeds are aromatic, consisting of
alkaloids such as arecoline and arecaidine, which is
said to be of an intoxicating nature. A. catechu nuts
have been widely used in pharma industries and for
medicinal purposes due to the presence of pharma-
cological properties. Powdered A. catechu nuts are
used to treat urinary disorders and diarrhea [47]. This
palm variety has gained a lot of scientific importance
owing to the presence of bioactive phytocompounds.
Arecanut consists of several phytochemical consti-
tutes like fats (8.1–15.1%), ash (1.1–2.5%), fibers
(8.2–15.4%), polyphenols (11.1–29.8%), alkaloids
(0.11–0.24%), polysaccharides (17.3–25.7%), and
proteins (6.2–9.4%) [48].

Several studies have reported six A. catechu
alkaloids, identified as isoguvacine, homoarecoline,
arecaidine, arecoline, guavacine, and guavacoline
[48]. Reports suggest that guavacine and arecai-
dine are the hydrolyzed products of guavacoline and
arecoline, respectively. Among these alkaloids, are-
ciadine (0.31–0.66%) and arecoline (0.30–0.63%)
were found more in number as compared to guavacine
(0.19–0.72%) and guavacoline (0.03–0.06%). Addi-
tionally, various fatty acid constituents, decanoic

acid, stearic acid and monoethylenic acids, are
present in minor proportions, while linoleic acid
(5.4%), oleic acid (6.2%), hexadecenoic acid (7.2%),
palmitic acid (12.7%), lauric acid (19.5%), and
myristic acid (46.2%) can be found in major pro-
portions. On the maturity of nut, there is an increase
in the number of fibers, alkaloids, polysaccharides,
and fats, while the polyphenol levels are found to
decrease [48].

Arecoline, a major constituent alkaloid, has been
investigated for its toxic and pharmacological effects.
The studies reported that Arecoline has a wide
range of pharmacological effects over cardiovascu-
lar, digestive, nervous and endocrine systems [49].
It is the main active component with significant
physiological activities that helps in stimulating the
cognitive effects in the central nervous system.

A. catechu in AD therapeutics
The effects of arecoline on the nervous system

was investigated to know its effect on dementia.
Results suggested an improved memory and cogni-
tive skills by stimulating the M receptor (muscarinic
receptor). Thereby, concluding that arecoline is one
of the muscarinic agonists that work on memory
improvement. The hydrolyzed product of arecoline,
arecaidine also showed an inhibitory effect towards
the central inhibitory transmitter. Arecoline bypasses
the blood-brain barrier to activate the M receptor
in the central nervous system. Further investigations
proved that arecoline can clinically improve memory,
thinking skills, and cognitive functions in patients
suffering from AD [50]. Areca has been traditionally
used to treat both dementia and depression [47].

Clinical trials were out carried by intravenously
administering low dose(s) of Areca extract to patients
suffering from mild to moderate AD to confirm its
usefulness with no side effects [48].

Acorus calamus

Acorus calamus, belonging to the Acoraceae fam-
ily, is a tall monocot plant and perennial aromatic herb
grown along the river banks. The plant is indigenous
to India and can now be found in Sri Lanka, Japan,
China, Burma, Russia, Europe, and northern parts of
Asia. The rhizomes and leaves of A. calamus are tra-
ditionally used as medicine and powdered rhizome is
also used as a substitute for nutmeg, ginger, and cin-
namon, as a spice. The A. calamus is a very important
plant in Ayurveda and is known for its rejuvenating
activity against the nervous system and brain, and is



426 S. Pradeep et al. / Alzheimer’s Disease and Herbal Combination Therapy

also prescribed for digestive problems like bloating,
gas, and poor digestive function [51].

A. calamus is one of the widely used medicinal
plants as it consists of various amounts of phyto-
constituents like alkaloid, lignin, sesquiterpenes,
steroids, glycosides, polyphenols, mucilage,
flavonoids, tannins, monoterpenes, volatile
oil, and saponin compounds. Among these,
alpha-asarone and beta-asarone were the two
main compounds isolated [52]. Various stud-
ies have reported A. calamus to be comprising
of anti-ulcer, anti-inflammatory, anti-allergic,
anti-microbial, anti-fungal, anti-oxidant, anti-
diabetic, anti-cancer, neuroprotective, cardiopro-
tective, insecticidal, and pesticidal properties [53].
�-asarone and �-asrone are the major phytocom-
ponent found in leaves, very well known for their
memory enhancement, behavioral modifications,
learning performance, and antioxidant potentials
[54].

A. calamus is reported to have a mixed composi-
tion of fatty acids like the myristic (1.3%), arachidic
(3.2%), stearic (7.3%), palmitoleic (16.4%), palmitic
(18.2%), linoleic (24.5%), and oleic (29.1%), as
identified using gas chromatography. Similarly, the
carbohydrates such as fructose (79.1%), maltose
(0.2%), and glucose (20.7%) were indicated by paper
chromatography [55]. The presence of all these
phytoconstituents attribute towards the choice of
A. calamus as the best treatment for AD [55].

A. calamus in AD therapeutics
According to Ayurvedic literature and practices,

A. calamus plant extract was prescribed for several
problems related to digestion, insomnia, epilepsy,
cough, fever, and neurosis. The active compounds
of this plant were reportedly involved in the acetyl-
cholinesterase degradation [56]. Studies have shown
that A. calamus is an effective source of medication
that can help in preventing memory impairment or
increasing memory by stress reduction by control-
ling inflammation and reactive oxygen species [57].
Indicating that the plant can be a potential candidate
for AD therapeutics.

Eclipta alba

Eclipta alba, commonly called false daisy in
English and bhringaraja in Kannada, is an annual
weed grown in moist places [58]. It is an herba-
ceous plant that belongs to family Asteraceae and
is very well-known component of the African tradi-

tional medicinal practices reported in Asia, used to
treat several metabolic and microbial disorders. In
Asian countries, E. alba is used for its neuro- and
hepato-protection potential(s), apart from its abili-
ties to resolve gastrointestinal issues, hair fall, and
snake-venom poisoning [59]. The plant exerts sev-
eral properties such as antioxidant, relaxant, anti-
hypertensive, anti-acetylcholinesterase, lipid-lower-
ing, and anti-leptospiral activities [58]. Such proper-
ties of E. alba are owed to presence of phytochemical
constituents such as alkaloids, flavonoids (Luteoline,
apigenin and orobol), fatty alcohols (hentriacontanol
and heptacosanol) polyacetate, phenolic compounds,
sterols (stigmasterol and daucosterol), polysaccha-
rides, and saponins (Eclalbatin and dasyscyphin C)
[60].

Since ancient times E. alba is used as a traditional
medicine to treat epilepsy in most regions of Southern
India. The mixture of Eclipta alba leaves with pepper
and garlic juice has been orally administered to treat
epilepsy [61].

Eclipta alba against Alzheimer’s disease
Traditional African literature highlights the neu-

ropharmacological potentials of E. alba [59].
Research suggests that the plant shows learning and
memory modulating properties. Luteolin, an active
component of the plant, helps in minimizing the cog-
nitive and memory deficits formed due to cholinergic
dysfunction. It also can control the neuronal tissue
degeneration obtained as the result of stress pertur-
bations. Thereby indicating that Eclipta alba can be
treated against AD, as a potential memory modula-
tor [62].

COMBINATION THERAPY

The currently approved drugs used to treat AD
are all cholinesterase inhibitors, which only intend to
inhibit the activity of cholinesterase enzyme and not
seem to modify or improve the cognitive or memory
skills declined due to the disease. AD pathogenesis
involves several pathophysiological pathways, indi-
cating it to be a multifactorial disease that needs
medication which can act on multimode targets
involved in several pathways. This strategy of treat-
ment is realistic and can significantly modify the
disease progression [63]. Herbal combination ther-
apy, involving a combination of two or more potent
plant extracts in a single dose, can help acquire syn-
ergistic effects to reduce the progression of the AD.
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Such a treatment may also be referred to as a fixed-
dose combination. Combinational therapies are not
found to be associated with adverse effects as they can
overcome toxicity by accessing multi-target mecha-
nisms [64].

Benefits of combination therapy over
monotherapy

Monotherapy, as compared to the combination
therapy, has several limitations over AD regarding
safety and efficacy. Single drug treatment is usu-
ally effective at higher doses, causing several adverse
effects. Such drugs increase the efficacy of the drug
at the cost of the hosts’ tolerance to it in a dose-
dependent manner. The different modes of action
that are considered in the treatment of combination
therapy may provide effectiveness over monotherapy.
Herbal combinatorial therapy enhances the efficacy
by providing the synergistic effects, tolerability and
safety at lower doses, apart from providing additive
effects focused toward lowering the disease pro-
gression [65]. Based on such reports, relatively new
herbal combination treatment approach has different
modes of action that may provide additive effects
over monotherapy for the effective management of
AD. Thereby making it an imperative yet feasible
approach to be investigated further to be induced into
AD treatment protocols [66].

CONCLUSION

Combination drugs are gaining importance and
progress in pharmaceutical technology as they act
on multi-mode targets responsible for the cause of
AD. These products increase clinical effectiveness,
reduce administrative costs, and enhance the patients’
adherence capacity. Further, the plants A. catechu,
A. calamus, and E. alba, which possess potential neu-
roprotective properties, may provide for an efficient
yet sustainable pharmaceutical practice if considered
for combinational therapies of AD after a detailed
mechanistic evaluation.
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